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This research aims to look at the link between environmental pollutants and the

coronavirus disease (COVID-19) outbreak in California. To illustrate the COVID-19

outbreak, weather, and environmental pollution, we used daily confirmed cases of

COVID-19 patients, average daily temperature, and air quality Index, respectively. To

evaluate the data from March 1 to May 24, 2020, we used continuous wavelet

transform and then applied partial wavelet coherence (PWC), wavelet transform

coherence (WTC), and multiple wavelet coherence (MWC). Empirical estimates disclose

a significant association between these series at different time-frequency spaces. The

COVID-19 outbreak in California and average daily temperature show a negative (out

phase) coherence. Similarly, the air quality index and COVID-19 also show a negative

association circle during the second week of the observed period. Our findings will

serve as policy implications for state and health officials and regulators to combat the

COVID-19 outbreak.

Keywords: COVID-19, air quality index, temperature, California, wavelet-analysis

INTRODUCTION

In December 2019, coronavirus disease 2019 (COVID-19), a newly discovered infectious
coronavirus, was first detected inWuhan (1–3). According toWHO, COVID-19 can be transmitted
from person to person via respiratory droplets (4). Later on, after identifying a cluster of
COVID-19, the total confirmed cases rose not only in Wuhan but also in the rest of China and
turned into an epidemic (5). Initially, Wuhan (6) and later on, the whole country was put on
lockdown (7) to ease the health facilities and slow down the transmission of COVID-19 (8). After
breakouts of COVID-19 cases in Italy, Iran, and other nations, WHO declared a worldwide health
emergency on January 30 (9). Nearly two-thirds of the world’s population was placed under some
form of lockdown (10). Figure 1 shows the daily COVID19 cases in California state. As we can see
from the figure that there is a continued increasing trend throughout the sample period.

Industrial activity came to a halt as the governments gradually enacted lockdown
measures. The transportation sector has been struck the hardest since obligatory travel
restrictions were put in place to curb the spread of COVID-19 cases (11). According
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FIGURE 1 | Daily confirmed new cases of the coronavirus disease 2019 (COVID-19) in California, USA.

to the aviation industry, COVID-19 has reduced air travel by
96%, the lowest level in the last 75 years (12). Additionally,
the demand for fossil fuels drastically declined, and measures
were taken to reduce supply as transport, and industrial sectors
worldwide came to a halt. COVID-19 has had a negative impact
on human health and the global economy, yet the COVID-
19 lockdown measures have significantly decreased pollution
from economic and commercial activities (5, 13–15). Nitrogen
dioxide (NO2) is a highly reactive environmental pollutant
that is emitted mostly from the industrial and transportation
sectors whenever petroleum products (oil and coal) are used
(16, 17). According to scientific studies, Nitrogen dioxide is
extremely harmful to human health, and it causes respiratory
issues, cellular inflammation, and hyperresponsiveness, as well
as increasing mortality rates (18). Air pollution has become a
major environmental concern, with 4.6 million people dying
each year due to poor air quality (19). Moreover, some recent
studies suggest that environmental and air quality-related factors
have adversely impacted and caused for spreading of COVID-19
cases (20–22). Figure 2 shows the daily average temperature and
air quality index in California state.

Evaluation of Pollution During COVID-19
The application of lockdown measures to reduce COVID-19 has
significantly reduced transportation activities. It has resulted in
lower demand for fossil fuels and less energy consumption, which
directly impacts environmental quality across the globe. The
European Space Agency (ESA) andNASA have released statistical
evidence that NO2 and other environmental pollutants have been
reduced up to 30%, and as a consequence, environmental quality

has improved. Satellites images released by ESA and NASA have
collected environmental data using the Sentinel-5P satellite and
Ozone Monitoring Instruments (OMI) shown in Table 1.

Furthermore, Google issued a mobility report for February
23 to April 5, which shows that human mobility in Spain,
France, Italy, and USA has been reduced significantly. Human
activities are common sources of air pollution, such as power
plants, industrial factories, and fossil fuel combustion by
airplanes and motor vehicles. These pump air pollutants,
such as nitrous oxide, ozone, and carbon monoxide into the
earth’s atmosphere, contributing to environmental degradation.
Table 2 shows the implementation of lockdown measures that
have contributed immensely to limiting industrial economies’
environmental pollution.

According to the WHO news release, 7 million people die
each year due to fine particle exposure in polluted air (23). The
Centers for Disease Control and Prevention (CDC) guesstimates
that around 360,000 people die every year in the USA alone
because of air pollution. The state of California has experienced
exponential growth as market reforms introduced to attract
investments have made it the USA’s economic capital and has
improved Californians’ living standards, which is evident by
the vehicular fleet on the roads in the state. On the contrary,
environmental quality has greatly reduced in recent decades. The
CDC has listed California to have the worst air quality in the
USA as ten1 of the top-25 most polluted cities in America are
from California.

1San Jose, Fresno, Los Angeles, San Diego, Bakersfield, Sacramento, El Centro,

Chico, Redding, and Visalia.
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FIGURE 2 | Daily air quality index and the average temperature in California, USA.

However, the air quality has greatly improved due to the
mandatory lockdown measures adopted by the California state
to reduce COVID-19 transmissions (24). California (32◦32′N
to 42◦N, 114◦8′W to 124◦26′W) is plagued by substantial
environmental issues caused by economic activities. It is the
world’s fifth-largest economy, with a gross domestic product of
$3 trillion (larger than France, the UK, and India). To analyze
the impact of air pollutants with COVID-19, the data for Air
Quality Index (AQI) and COVID-19 cases were taken from the
Environmental pollution agency (EPA) and CDC from March 1
to May 25, 2020. The concentration of air pollutants has been
compared from January 15 to April 15, 2020, and scientific
studies have shown that air pollutants have been reduced up to
60% in California.

MATERIALS AND METHODS

Environmental pollution is measured through the AQI, which
has been taken from EPA. The daily new confirmed infections
representing the COVID-19 outbreak are collected from the
official website of CDC. The average daily temperature in
California is taken as a proxy for climate indicators and
sourced fromwww.accuweather.com. To examine the correlation
between variables, we collected data from March 1 to May
24, 2020. We have employed novel wavelet approaches include
“Continuous Wavelet Transform” (CWT), “Wavelet Transform
Coherence” (WTC), “Partial Wavelet Coherence” (PWC), and
“Multiple Wavelet Coherence” (MWC), to examine the time-
varying association between the number of cases reported and
the AQI in California. Wavelet methodology is one the most
widely used analytical approaches in geosciences, environment,

TABLE 1 | Assessment of air pollution during the coronavirus disease 2019

(COVID 19).

Country Time Satellite Agency % Reduction

China January and February 2020 Sentinel-5P ESA 20–30%

Europe March 2019 and March 2020 Sentinel-5P ESA 20–30%

Italy March 2019 and March 2020 Sentinel-5P ESA 20–30%

France March 2019 and March 2020 Sentinel-5P ESA 20–30%

Spain March 2019 and March 2020 Sentinel-5P ESA 20–30%

USA March 2015–19 and March 2020 Aura NASA 30%

Source: ESA and NASA.

weather, tourism, and economics (25–30). It captures a non-
linear association between multiple data series (31). The use of
such methodology is also a novelty in the case of COVID-19 and
AQI-related studies.

We chose wavelet methodology for current research
because of its capacity to handle non-stationary and non-
normal data distributions in a time series, which is a huge
advantage compared with Fourier analysis. Further, we can study
associations in a localized time and at different frequencies.
We can measure positive and negative associations at different
moments and multiple frequencies in the same graph, which
is a unique feature of this technique. Still, another advantage
lies in its flexibility to handle different types of distributions
with multiple types of wavelet functions available, among which
we are using “Morlet wavelet”. The varying wavelet functions
allow highly accurate modeling of the association among
variables (32–34).
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The wavelet transforms coherence is given by Equation 1 as :

R2(m, n) =
|N(N−1Wxy (m, n))|2

N(N−1|Wx(m, n)|2N(N−1|Wy (m, n))|2
(1)

The wavelet coherence can range from 0 ≤ R2 (m,n) ≤ 1, where
1 means high coherence and 0 equals no coherence.

The Partial Wavelet Coherence
In the PWC, we study the coherence between two variables while
we control the common effects of the third variable. Equations
2–7 give us the empirical estimations of wavelet coherence.

R (x1, x2) =
S [W (x1, x2)]√

S [W (x1)] S [W (x2)]
(2)

R2 (x1, x2) = R (x1x2) .R (x1x2)
∗ (3)
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)
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(
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(

x2y
)∗

(7)

From the above Equations 2 to 7, we can derive the following
mathematical expression of partial wavelet coherence;

RP2
(

y, x1, x2
)

=
∣

∣R
(

y, x1
)

− R
(

y, x2
)

R
(

y, x1
)∗∣

∣

2

[1− R(y, x2)]
2[1− R(x2, x1)]

2
(8)

The Multiple Wavelet Coherence
The most straightforward approach to comprehend multiple
wavelet coherence is to associate it with multiple correlations.
This approach allows us to study coherence between dependent
variable Y and two independent variables X1 and X2. Equation
9 shows us the numerical representation of the Multiple
wavelet coherence.

RM2
(

y, x2, x1
)

=

R2
(

y, x1
)

+ R2
(

y, x2
)

− 2R e
[

R
(

y, x1
)

.R
(

y, x2
)∗

.R (x2, x1)
∗]

1− R2 (x2, x1)

(9)

RESULTS AND DISCUSSIONS

Table 3 presents the descriptive statistics highlighting that the
average daily cases of COVID-19 is 791.096, with a minimum
value “0” to maximum value 2,283. The values for average
temperature are 55.33◦F, with a minimum value of 43.8◦F to
a maximum of 74.3◦F. The average air quality index value is
42.423 fluctuating between 31 and 61, which shows significant
variation during this period. The correlation between COVID-19
and temperature is negative and significant at the 1% level, while
the correlation between COVID-19 and AQI is positive at a
1% level of significance. The coefficient value for temperature
and COVID-19 is −0.499, the coefficient value for AQI and

TABLE 3 | Empirical statistics.

Variable COVID-19 TEMP AQI

Mean 791.096 55.333 42.423

Std. Dev. 680.157 6.307 6.207

Min 0 43.8 31

Max 2283 74.3 61

Jarque-Bera 7.123 5.251 5.831

P 0.028 0.018 0.054

Correlation matrix

COVID-19 1

TEMP −0.499* 1

0.000

AQI 0.241 0.572* 1

0.085 0.000

*Significant at 1% level.

TABLE 2 | Mobility index report based on Google tracking.

Country Residential Transport Parks and outing Retail and recreation Grocery and pharmacy Workplace Parks and outing

USA 13% −54% −20% −49% −20% −40% −20%

UK 15% −70% −29% −82% −41% −54% −29%

Spain 23% −89% −90% −94% −77% −68% −90%

Germany 8% −47% 61% −58% −13% −30% 61%

Italy 24% −86% −90% −95% −82% −62% −90%

France 17% −82% −73% −85% −62% −53% −73%

Source: Google tracking.
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COVID-19 is 0.241 and the coefficient value for AQI and
temperature is 0.572.

Figures 3A–C show continuous wavelet transformation of
temperature, AQI, and COVID-19, respectively. A lot of wavelet
functions are available for the transformation of time series data.
We have used “Morlet wavelet” for this purpose, which suits
our data kind and is one of the most extensively used wavelet
functions in such transformation recently.

Dark red areas show notable variations, whereas blue areas
reveal little variations in respective time-frequency spaces.
The only prominent red area in Figure 3A, inside the cone
of influence showing such a variation, lies in front of
frequency bands 8–16 between the second and third weeks
of the observed period, in case of temperature. Figure 3B

showing CWT of AQI reveals little variations in frequency
space 0–4 and 4–8 during the fourth weeks of the observed
period, represented by small red color shapes with black
borders inside the so-called cone of influence. COVID-19
varies significantly during the third week of observation
in frequency space of 0–4 and 4–8, explained by a large
vertical hanging red shape with black borders near the top to
Figure 3C.

The results from WTC show us the association between
different combinations of pairs of studied variables. The direction
of small arrows indicates the causality direction from one variable
to the other. The color inside the circles, on the other hand,
indicates the strength of a relationship. The strength of the
association weakens as we move from red to blue. The Cone of
Influence (COI) isolates the significant region with a thick black
lining drawn from top to bottom on both sides. The Monte Carlo

technique is used to determine the significance level of MWC,
WTC, continuous wavelet transform, and PWC. All areas inside
the black borders with a red color inside are significant regions.

Figure 4A showing the WTC between temperature and AQI,
tells us about a weak relationship between these two variables.
At the beginning of the fifth week of observation and in the
4–8 frequency range, the only noteworthy red area with black
edges can be noticed. The arrows inside it are rightward directed,
telling us a positive coherence. In this case, none of these variables
is leading or lagging, as indicated by the “0” degree angle of
the arrows. Other red patches can be observed strewn over the
diagram, but they don’t indicate significant relationships. So,
temperature and air quality index are positively related in a
specific time–frequency space only.

Temperature and COVID-19 show a negative relationship
from COVID-19 to temperature during the second week of the
observed period and in the frequency range of 0–4 time periods,
represented by a small red color circle on the top left side of
Figure 4B. This implies that an increase in new confirmed cases
of COVID-19 leads to a decrease in temperature but only during
a short period of time–frequency combination. This impact may
be a result of decreased emissions due to lockdown. Figure 4C
indicates the wavelet coherence between AQI and COVID19. The
WTC of AQI and COVID-19 presents an interestingly negative
association running from COVID-19 to AQI represented by the
leftward direction of the arrows inside the red circle during
the second week of the observed period and frequency area
of 4–8 time periods. This implies that COVID-19 leads to a
decrease in AQI, tantamount to a better environment. This
again may result from low emissions due to reduced industrial,

FIGURE 3 | Continuous wavelet transform of temperature (TEMP) (A), air quality index (AQI) (B), and COVID-19 (C).

FIGURE 4 | Wavelet Coherence transform of TEMP (A), AQI (B) and COVID-19 (C).
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FIGURE 5 | Partial and multiple wavelet coherence of TEMP, AQI and COVID-19.

transportation and related activities, a significant source of
greenhouse gases.

Figures 5A1,B1,C1 show the PWC results, while
Figures 5A2,B2,C2 depict MWC. PWC tells us if the association
between two variables remains after canceling the common
impact of a third variable. In comparison, MWC reveals the
accumulated impact of two independent variables on another
third variable as a dependent one. Red areas show a high
magnitude of the relationship, while blue areas mean no
association. Most of the areas inside Figures 5A1,B1,C1 are
blue, indicating only a little or no relationship when we cancel
the common effects of COVID-19, temperature, and AQI from
the relationship between temperature-AQI, COVID-19-AQI,
and temperature-COVID-19, respectively. The association of
COVID-19 and temperature still holds as shown by a small red
circle on the top left of Figure 5C1. This implies that AQI had no
role in the coherence between COVID-19 and temperature, and
it is free of the confounding impact of AQI. At the same time,
the other two results of WTC, which are altered by the inclusion
of a third variable, may not truly represent causation.

COVID-19 and AQI can significantly explain the variation
in weather at all frequency ranges except the longest one.
This association can be observed during the second to
fifth weeks of the observed period, represented by red-
colored circles of different sizes scattered inside the cone of
influence in Figure 5A2. COVID-19 and AQI had a significant
combined impact to explain variations in temperature at specific
time-frequency spots during our observed period in California.
Figure 5B2 shows how the combined impact of temperature and
COVID-19 explains AQI in California through MWC. Multiple
red areas in 0–4, 4–8, and 8–16 frequency periods during the

third, second and fifth, and fourth week of our observed period
exhibit this phenomenon. The air quality seems to be sufficiently
explained by the reduced economic activities due to COVID-
19 and temperature combined. Temperature and AQI together
explain the variations in COVID-19 during the second week of
our observation and in the frequency range of 0–4 and 4–8 as
shown by red areas in Figure 5C2.

CONCLUSION

Air Quality Index (AQI) and climate indicators are critical
determinants of the COVID-19 outbreak. AQI and COVID-19
show a negative association circle during the second week of
the observed period and frequency area of 4–8 time periods,
suggesting that COVID-19 leads to a better AQI, resulting
in reduced environmental pollution. This may result from
low emissions due to reduced industrial, transportation, and
related activities, a significant source of greenhouse gases. Daily
temperature and COVID-19 outbreak in California show a
negative (in-phase) coherence but only during a short period of
time–frequency combination, meaning that temperature played
a significant role in limiting COVID-19 though only in the
short-term. This result affirms the previous research (7) that
temperature may help in containing COVID-19. Although our
approach is a relatively better analytical method than correlation
and time series methods, as discussed earlier in this study, we
should exercise great care in interpreting it as absolute causation.
We need a scientific law/theory most of the time. Furthermore,
we encourage future research to investigate regional geographical
areas as our study is limited to California only.
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A huge foreign direct investment (FDI) inflow has been witnessed in China, though on

the one hand, it brings a significant contribution to economic growth. On the other

hand, it adversely affects the ambient air pollution that may affect human mortality in the

country. Renewable energy (RE) usagemeets the country’s energy needs with no adverse

effect on the environment. Therefore, this study is trying to empirically analyze the effect

of FDI inflow on human morality and RE consumption in China. We used time-series

data for 1998–2020 and applied a non-linear ARDL approach for the estimations. The

empirical outcomes suggest that FDI inflow positively affects mortality and RE. There

is also unidirectional causality running from RE and pollution to mortality. In addition,

the relationship among the variable verifies the existence of a non-linear relationship.

The government needs policy guidelines to further boost FDI inflow due to its positive

aspects. However, to reduce the negative effect on the environment and human morality,

the extensive usage of RE should be adopted. Indeed, proper legislation for foreign

firms might be a good step toward quality environmental and longevity of human health

in society.

Keywords: FDI inflow, human mortality, renewable energy, NARDL, China

INTRODUCTION

China remained a top priority for foreign investors due to low-cost labor, high-tech industrial
structure and good law and order. Since China opened up trade in 2002 by entering WTO, various
foreign investment reforms resulted in a massive inflow of foreign direct investment (FDI). The
FDI inflow significantly contributes to economic well-being, but it may have adverse consequences
on environmental pollution and mortality (1, 2). Although less attention is given to this aspect, this

15

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.814208
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.814208&domain=pdf&date_stamp=2022-01-13
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:s.salem@bham.ac.uk
mailto:zeeshanfareed@zjhu.edu.cn
https://doi.org/10.3389/fpubh.2021.814208
https://www.frontiersin.org/articles/10.3389/fpubh.2021.814208/full


Shah et al. Determinants of Human Mortality

study empirically investigates the relationship between FDI
inflow, ambient air pollution (AAP), mortality, and renewable
energy (RE) in China. In recent years, FDI inflow has been
increased in many countries of the world (3). There are many
benefits associated with FDI inflow for the host country regarding
skills transfer, capital, technology transfer, export promotion,
and market access. The economic theory concludes that FDI
enhances various performance indicators of the host country.
FDI may enhance growth, encourage the adoption of new
technologies, and stimulate knowledge transfer in terms of skills
acquisition and labor training (4). The FDI inflows are vital
for boosting domestic investment and can turn the economy’s
growth on the right trajectory by increasing production, export,
and employment opportunities.

Furthermore, the FDI inflows can increase the host country’s
export capacity, causing the developing country to increase its
foreign exchange earnings. In addition, FDI may provide a
positive effect on human health by increasing the income and
higher health spending; however, apart from the positive aspect
of FDI, there are some negative effects associated with FDI inflow;
like the abundance of FDI inflow can make the host country
polluted, which will have adverse consequences on the human
health of the host country’s residents in terms of death rate,
infant mortality, and other serious types of mortalities (5). The
drawback of FDI inflow is the degradation of the air quality
caused by a high level of air pollution. The declination of air
quality leads to lung cancer, heart disease, risk of stroke chronic,
and acute respiratory diseases, such as asthma (6). Globally,
the emission of dangerous gases like CO2 and NO2 has serious
implications for the world’s global environment and human
health. However, the FDI inflow with a special focus on RE helps
to reduce pollution and ensure the production process with no or
fewer adverse effects on the environment, which ultimately leads
to a positive effect on human health and mortality (7).

It has been evident that FDI inflow causes both scale and
composition effects. The scale effect concerns the pollution
emission due to enlarging the production and composition
effect that arises due to the change in the production pattern
of the country toward efficiently produced goods. Dean (8)
argues that FDI may positively affect the environment in the
long run due to the demand for cleaner goods. Environmental
pollution has significant consequences for both human beings
and the economy. This will increase health expenditures and
social costs (9). Therefore, pollutionmay directly decrease output
by decreasing productivity labor. It is also a serious concern
that may impose many health problems, i.e., life expectancy
decreases and mortality and death rates increase. Overall,
the degradation of environmental quality leads to adverse
implications on mortality.

Similarly, Lofdahl and Gasser (10) argue that more aggressive
activities of MNC’s have increased the scale of international trade
and production, thereby putting pressure on the environment
in terms of dangerous gases, which badly affect human
health by reducing the life expectancy and increasing the
human mortalities. Kunce et al. (11) state that oil and
gas firms make a trade-off in the intensity of production
and environment. Belloumi (4) confirms the effect of FDI

inflow on the environmental quality and states that more
economic growth can negatively affect the quality of the
environment of a country. Environmental pollution has adverse
implications for both human well-being and the economy,
and it imposes a serious cost for an increase in health and
social costs (12). The various determinants of environment, i.e.,
physical and social environments and lifestyle, are important
exogenous determinants that can affect human life (13).
The physical environment comprises factors, i.e., noise and
heat, radiations, hazardous substances, chemicals, bacteria, and
viruses, which may positively or negatively affect human health
and mortality (14).

Similarly, building density, accessibility of public transport,
and the next-door availability of green and open spaces for
recreation are considered in the paradigm of the physical
environment. These also affect mortality and health status (15).
Human morality and air pollution have negative associations; in
history, the disaster in the Meuse valley in 1930 and in London
in 1952 are a few examples of environmental pollution affecting
mortality (16).

Most research studies, focusing on foreign direct investment
and health conditions, pointed out that highly penetrated
industries with FDI have higher economic insecurity and lead
to bad health conditions of the workers (17). Herzer and
Nunnenkamp (18) explored 14 countries for the relationship
between FDI and health conditions and suggests that FDI is
linked with a lower life expectancy rate in host countries and
an increasing mortality trend. These factors negatively affect
human health. Jorgenson (19) concludes that FDI is associated
with elevated water pollution, affecting kids and infant mortality.
At the same time, the study of Herzer and Nunnenkamp (18)
concluded a negative relationship between health conditions and
FDI in developed countries. However, in contrast, a positive
effect of FDI for the host country has been evidenced by various
studies between FDI and health conditions in different countries.
Alsan et al. (20, 21); and Siddique et al. (22) predict a positive
relationship between health conditions and FDI. They argued
that FDI might positively affect human health if the investment
is more driven toward clean technologies in production. Nagel
et al. (23) also justify the positive nexus between FDI and
health condition, investing in the case of 179 countries with
low income and a negative relationship for the countries in
the higher-income slab. Extending the same behavior of the
relationship, Alam et al. (24) report the significant impact of
FDI on health spending, illiteracy, life expectancy, and food
supply in Pakistan using the Granger causality test. The results
of the study confirmed that spending on health improved life
expectancy. In the long run, FDI helps to reduce infant mortality
(25, 26). They also examine the relationship between FDI,
infant mortality, household consumption, and life expectancy in
Tanzania using ARDL.

A positive short-run impact was predicted between FDI and
infant mortality. Over the last few years, the nexus between
FDI inflows and air pollution with economic growth has been
intensively and empirically analyzed. Most of the studies in this
regard document that a higher level of FDI inflow positively
affects economic growth but at the same time causes more
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FIGURE 1 | Foreign direct investment (FDI) inflow and ambient air pollution.

emission of CO2 and makes the environment hazardous (27);
while some other studies, also predict the significant relationship
between FDI inflow, economic growth, and CO2. These studies
evidenced the long-run causal relationship between FDI and CO2

(28–30). Many studies in the same portfolio, also confirm the
causal relationship between FDI and the CO2 emissions (31–
33). But some of the studies confirm that FDI characterized by
cleaner energy would have a positive impact on economic growth.
However, others concluded negative impacts (34, 35).

Renewable energy with pollution and mortality is well
explored in literature. Numerous studies suggested that RE
consumptions provide a clean environment with fewer emissions
of dangerous gases, i.e., CO2, SO2, and NO2 (36–47). Indeed,
fossil fuels are the key source of greenhouse emissions and other
air pollutants having a negative connection with human health,
and these lead to respiratory and cardiovascular diseases. The
contribution of renewables is to decrease fossil fuels and allied
air pollutant emissions and positively influence human health
(48). The study of Apergis et al. (49) confirmed a unidirectional
causality that runs from RE consumption to health expenditures
in the long run, while bidirectional causality between health
expenditures and CO2 emissions. Jebli (50) explored a bi-
directional long-run causality running from health to renewables
waste consumption for Tunisia. An empirical study by Newhouse
(51) confirmed that green technology and RE reduce the
health expenditure of the USA. RE use and green practices
implementation in business and logistical operations improve
environmental sustainability and decrease health expenditure
(52). The low pollution level could reduce human normality and
improve life expectancy and quality of life (53, 54).

This study tries to empirically investigate the relationship
between FDI inflow, RE consumption, and mortality, taking the
case of China. This study contributes to the existing literature
from the following aspects; firstly, FDI and mortality have
not been studied for China since large FDI inflow has been
observed in China; therefore, this study uses the case of China

to understand the implication of FDI on mortality in China.
Secondly, most previous research used linear methodologies to
analyze the FDI and mortality, CO2 emissions. The AAP and RE
trend in China shows a dynamic trend that provides a bias to
apply the non-linear method of estimations. Hence, in this study,
we apply the non-linear ARDL cointegration approach for the
analysis. Thirdly, FDI has diverse implications for mortality and
may vary in the short-run and long-run implications; therefore,
it is essential to know the short-run and long-run implications of
RE, mortality, and AAP. Hence, non-ARDLmethod provides the
short run and long estimations. The rest of the paper is organized
as the second section contains FDI inflow, environment, and
mortality in China; Section 3 contains the methodology and data;
Section 4 is the result and discussion; and Section 5 presents the
conclusion of study.

FOREIGN DIRECT INVESTMENT INFLOW,
ENVIRONMENT, AND HUMAN
MORTALITIES IN CHINA

This section illustrates the stylized facts like AAP, FDI inflow,
and human mortalities for the different periods, which help
to understand the time series trend of these variables over
the period.

Figure 1 shows the relationship between FDI and AAP. China
is receiving the highest share in FDI throughout the world. The
graph shows that China has received the highest GDP from 1992
to 1994, but FDI exhibited a declining trend from 1994 to 2001.
Recovery in FDI was made from 2002 to 2008. A decline is seen
in FDI from 2012 to 2016. Although the pattern of FDI from
1990 to 2016 is not constant, it has shown considerable growth
relative to the United States and India. There is a considerable
disparity in FDI distribution stock across China. Asian countries
contributed a large inflow of FDI in China, followed by North
American and European Union countries. China is among the
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FIGURE 2 | Ambient air pollution and mortality.

FIGURE 3 | Ambient air pollution and life expectancy.

large polluting countries with increasing foreign and domestic
trade and industrial production. Industrial manufacturing is the
main source of air and water pollution in China. The graph
shows that although FDI is showing a considerable amount of
variation in the period of the study, AAP is almost showing a
steady position from 2000 to 2016 and overall, AAP shows an
increasing trend and the level of FDI also increases over time,
suggesting that FDI inflow increases the AAP, which resultantly
affects the health.

Figure 2 shows the graphical representation of AAP and
mortality rate in China from 1990 to 2018. To achieve higher
growth in the economy and remain more competitive in the
global market, environmental and air pollution concerns have
been sidelined despite the ever-increasing pressure from the
international environmental protection agencies. AAP is the
main indicator for air quality is, also causing big hazards
to health-related issues, such as mortality rate. The Figure 2

shows that although AAP has decreased from 1990 to 2000,
it has shown an increase from 2000 to 2006, and then
AAP is showing almost a steady, but the slightly downward
position from 2006 to 2018. Concerning AAP, the mortality

rate in China has been steadily decreasing at a fast rate
from 2002 to 2018. This signifies that as AAP decreases, the
mortality rate also tends to decrease in the same direction
in China.

Further, it is concluded that the mortality rate has been
significantly reduced in China due to lower levels of CO2

emissions. Figure 3 shows the pattern of AAP and life expectancy
in China from 1990 to 2018. However, China has achieved the
highest economic growth and FDI inflow, relatively higher to
most North American, Asian, and European countries. This
higher economic growth is causing problems to health issues and
air quality in most countries. Unlike other developed countries,
China exhibits a negative relationship between AAP and life
expectancy. The AAP in China has decreased from 1990 to 2000,
but it has increased from 2000 to 2006. After 2006, AAP in
China is showing a steady position. Relative to AAP in China,
life expectancy is increasing from 1990 to 2018, and it shows an
increase in health standards due to the lower amount of AAP. The
overall trend suggests that life expectancy has been significantly
increased due to environmental quality, caused by lower levels of
AAP in China over the period.
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METHODOLOGY

The model of the study is as:

HMt = β0 + β1AAPt + β2REt + β3FDIt + µt (1)

µt ∼ n.i.i.d(0, σ 2)

Where,
HM, Mortality index;
AAP, Ambient air pollution;
FDI, Foreign direct investment;
RE, the renewable energy;
µ, Normally distributed error term.

In this study, we use mortality index (HM) as the dependent
variable, which is constructed taking “life expectancy,” “infant
mortality and death rate” variables. AAP, FDI and RE are taken as
independent variables. There is a positive relationship between
Mortality and AAP in the literature; thus, the expected sign
of β1is positive. Mortality and foreign direct investment are
positively related in literature, and the expected sign of the
β2 is also positive. However, there is a negative relationship
between mortality and RE, and the expected sign of coefficient
β3is negative. Equation (1) is used to estimate the long-run
relationship among the variables if cointegration exists. In the
given study, short-run estimates are desirable, and short-run
parameters and speed of adjustment toward equilibriums can be
obtained through Equation (2) as given below.

1HMt = β0 +
∑n1

i−1
β1i1HMt−1 +

∑n2

i−0
β2i1AAP2t−1

+
∑n3

i−0
β3i1FDIt−1 +

∑n4

i−0
β4i1REt−1 + λet−1 + µt

(2)

The above equation shows the cointegration relation among the
variables, and if it confirms, then any change in equilibrium and
a movement will be adjusted and observed. The coefficient “et−1,”
i.e., λ sign must be negative and significant as well less than one.
All the variables are of the order I (1), and the stationary of the
unit root should be I (0) by (55). ARDLmethodology is suggested
by (56) and (57) if the order of the variable is different and by
replacing. The et−1 in Equation 2 can be written as follows:

1HMt = ρ0 +
∑n1

i−1
ρ1t1HMt−1 +

∑n2

i−0
ρ2t1AAP2t−1

+
∑n3

i−0
ρ3t1FDIt−1 +

∑n4

i−0
ρ4i1REt−1 + ρ5Pt−1

+ ρ6AAP2t−1 + ρ7FDIt−1 + ρ8REt−1 + µt (3)

In Equation (3), the parameters ρ5, ρ6, ρ7, and ρ8 are the long-
run parameters, whereas short-run parameters are the coefficient
having different operator “1”. Akaike information criterion is
used for lag length selection.

Most past studies consider CO2, FDI, and RE as linear
variables, which is unrealistic. Therefore, there is deviation
among these variables and does not follow the conventional
linear trend and using a linear form of these variables may

provide an accurate estimation. The non-linear behavior or
asymmetric variables may provide reliable and realistic findings.
Thus, asymmetric non-linear captures the dynamic behavior of
the variables and provides a short-run and long-run relationship
among the variables. We use Shin et al. (58) method of non-
linear ARDL estimation method. To investigate both short- and
long-run asymmetric impacts of FDI, RE, AAP on mortality, we
decomposed AAP, FDI, and RE into positive and negative partial
sums as given:

AAP+2t =
t

∑

j−1

1AAP+2j =
t

∑

j−1

max(1AAP2j, 0)

AAP−2t =
t

∑

j−1

1APP−2j =
t

∑

j−1

min(1AAP2j, 0)

FDI+t =
t

∑

j−1

1FDI+j =
t

∑

j−1

max(1FDIj, 0)

FDI−t =
t

∑

j−1

1FDI−j =
t

∑

j−1

min(1FDIj, 0)

RE+t =
t

∑

j−1

1RE+j =
t

∑

j−1

max(1REj, 0)

RE−t =
t

∑

j−1

1RE−j =
t

∑

j−1

min(1REj, 0)

Ambient air pollution is decomposed into positive and negative
AAP; in the same way, foreign direct investment and RE are
converted into positive and negative. This decomposition shows
an increase and decrease in each variable. According to Granger,
if there are positive and negative two-time series, they are
cointegrated. The linear cointegration, which shows the long-
run association among the variables, can be converted into linear
cointegration. To test the asymmetric relationship among the
variables, the testing procedure of the bond test given by Pesaran
et al. (57) provides the formwork to find out. Equation (4) shows
the asymmetric relationship as follow:

1HMt = γ0 +
n1
∑

i−1

γ1i1HMt−1 +
n2
∑

i−1

γ2i1AAP+t−1

+
n3
∑

i−1

γ3i1AAP−t−1 +
n4
∑

i−1

γ4i1FDI+t−1

+
n5
∑

i−1

γ5i1FDI−t−1 +
n6
∑

i−1

γ6i1RE+t−1 +
n7
∑

i−1

γ7i1RE−t−1

+ γ8HMt−1 + γ9AAP
+
t−1 + γ10AAP

−
t−1 + γ11FDI

+
t−1

+ γ12FDI
−
t−1 + γ13RE

+
t−1 + γ14RE

−
t−1 + µt (4)

This equation contains both positive negative components of
included variables in the model, which comprises both lagged
and differenced values. The lagged values will provide the long-
run estimation, while the differenced form of the variables will

Frontiers in Public Health | www.frontiersin.org 5 January 2022 | Volume 9 | Article 81420819

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Shah et al. Determinants of Human Mortality

provide a short-run estimation. We used time-series data for
all variables from 1990 to 2020 obtained from the world bank
database online.

Hypothesis
H0: FDI Does Not Affect Mortality

Many researchers have investigated the nexus between FDI and
mortality, and these studies evidenced mixed findings. Hitam
and Borhan (9) confirmed that FDI inflow increases the health
cost of the host country and increases the death and mortality
rate. In a similar study by Kahouli et al. (59) assert that FDI
inflowmainly in industrial production with heavy usage of hydro
technologies enhances the mortality index of the host country.
Many other studies also declared a positive linkage between
FDI and mortality (19, 24). We test this hypothesis by applying
non-linear ARDL estimation techniques.

H0: Ambient Air Pollution Does Not Affect Mortality

Many previous empirical studies have discussed the relationship
between pollution and mortality. The majority of the studies
found a positive causal relationship between ambient air
pollution andmortality. Afroz et al. (60) argue that air pollution is
themain cause of various respiratory problems that directly affect
mortality by fostering diseases of lungs, eyes, nose, mouth, and
throat, causing asthma attacks and related other serious health
issues that badly affect the mortality. Fine particulate emissions
from burning coal, oil, diesel fuel, gasoline, and wood can lead
to respiratory problems and cancer (61, 62). Many researchers
also report negative long-run causality between air pollution
and mortality (63). We consider the Granger causality test for
empirically testing this hypothesis.

H0: Renewable Energy Does Not Affect Mortality

Renewable energy is a recent area of debate among researchers
across the globe. Many studies in this regard have signified its
importance. In recent years, RE has remained an area of central
focus. In many environmental studies, the usage of RE stands
vital for the substantial environmental impacts, which causes a
decline in the death mortality rates in infants (64). The heat
generated from RE is comparatively health-friendly. Kaygusuz
(65) and Walker et al. (66) argue that projects run through RE
options would not affect the health of residents adversely and will
not cause an increase in the health cost of a nation. We apply the
Granger causality test to predict the relationship between these
two variables of interest.

RESULTS AND DISCUSSIONS

This section presents the empirical estimation of the model.
Table 1 presents the augmented dicky fuller (ADF) unit
root results.

Table 1 presents unit root results. The unit root is tested to
check the non-stationary at the level and become stationary at
first difference. The order of the autoregressive distributed lag
model (ARDL) framework does not follow the same order of
integration; this implies that cointegration estimation performs
even if the variables have a mixed order of integration.

TABLE 1 | ADF unit root.

Variables At level At difference Order of integration

HM −1.282773 −5.299412*** I(1)

FDI −1.997471 −4.33117*** I(1)

RE −1.797604 −6.683807*** I(1)

AAP −1.849559 −4.552002*** I(1)

***Shows significance at 1%.

TABLE 2 | Short-run estimations.

Variables Coefficient T-statistics

AAP(-1) + 8.485551 2.66

AAP(-1) - −4.965234 −3.96

RE(-1) + −0.8297197 −4.00

RE(-1) - 0.0981809 3.98

FDI(-1)+ −0.0051128 −0.27

FDI(-1) - 0.0793245 1.67

1AAP + 10.49173 4.08

1AAP - −6.716407 −2.75

1AAP(-1)+ 0.2112664 0.38

1AAP (-1) - −2.288925 −2.29

1RE + 0.4693659 4.83

1RE - −0.1487219 −2.56

1RE(-1) + −0.2242492 −3.66

1RE(-1) - 0.0419803 0.98

1FDI+ −0.0373433 −2.65

1FDI - 0.0617111 2.34

1FDI(-1)+ −0.1113837 −1.47

1FDI(-1) - −0.1877629 −3.68

ECT(-1) −0.9033187 −3.22

The second step is to perform the short-run estimations.
Table 2 presents the error correction model outcomes. Error
correction term (ECT−1) is found a negative and significant
association, implying the existence of convergence toward long-
run equilibrium and the coefficient sign of ECT is negative and
significant which that model is converging long-run equilibrium
shortly. The short-run parameters comprise positive and negative
shocks; positive shocks of the AAP increase mortality, while
negative shock decreases mortality. This implies the asymmetric
behavior of the AAP with mortality, implying a positive
association. The other variable like RE shows that positive shocks
reduce mortality, while negative shows have positive implications
for mortality. This implies a negative association between
mortality and mortality. The FDI inflow shows positive shocks
increase mortality while negative shocks increase mortality,
indicating a negative association between mortality and FDI. Or
in other words, this shows that FDI inflow contributed to AAP,
which affected human and health and mortality in the short run.

Table 3 presents the long-run effect that indicates the positive
and negative shocks for the included variables in the model. The
positive shock of the AAP increases mortality by 9.39 per capita,
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TABLE 3 | Long-run estimations.

Long effect [+] Long effect [-]Variables

Coefficient F-statistics P > F Coefficient F-statistics P > F

AAP 9.394 21.22 0.006 −5.497 22.33 0.005

RE −0.919 8.988 0.030 0.109 16.59 0.010

FDI 0.006 4.6491 0.080 −0.088 3.386 0.079

Long-run asymmetry Short-run asymmetry

F-stat P > F F-stat P > F

AAP 24.68 0.004 20.39 0.006

RE 9.583 0.027 12.55 0.017

FDI 4.689 0.081 5.277 0.070

TABLE 4 | Bound test.

Lower bound (0) Upper bound (1) F- Statistics Conclusion

2.32 3.752 5.36 F-values exceeds from

upper bound, which

means the existence of

cointegration

Model diagnostics Stat. p-value

Portmanteau test up to lag 40 (chi2) 17.86 0.0850

Breusch/Pagan heteroskedasticity test (chi2) 0.2506 0.6166

Ramsey RESET test (F) 0.415 1.2600

Jarque–Bera test on normality (chi2) 0.6466 0.7238

which is significant at one percent level. In comparison, negative
shock reduces mortality by 5% at 1% level of significance. The
positive shock of RE negatively affects mortality as each one-unit
increase in RE reduces mortality by 0.9, while negative shock
increases mortality by 0.08 unit at 1% level of significance. The
positive shocks of FDI inflow decrease health quality by 0.006
at 10 percent significance level, while negative shocks increase
health quality by 0.08. The long-run asymmetric statistics point
toward asymmetric behavior of AAP, RE, and FDI, which implies
the existence of non-linearity in the model. Table 4 contains the
bound test results that reported that F-statistics values exceed
the upper bound of critical value, suggesting the existence of a
long-run relationship among the variables, such as FDI inflow,
AAP, mortality, and RE. Besides, the lower part of Table 4 shows
diagnostic test outcomes, suggesting that the cointegration test
is valid for the model suggested by model diagnostic results.
Breusch–Pagan test shows no issue of heteroscedasticity in the
model. The Ramsey RESET test (F) shows no specification
problem in the model.

Robustness Test
We used a robustness test to verify the baseline outcomes
further. Table 5 presents the causality analysis results showing
that unidirectional causality from FDI to AAP implies that FDI

TABLE 5 | Granger causality tests.

Pairwise Granger Causality Tests

Null Hypothesis: F-Statistic Prob.

FDI does not Granger Cause AAP 5.09776 0.0157

AAP does not Granger Cause FDI 0.45058 0.6433

HM does not Granger Cause AAP 2.74913 0.0870

AAP does not Granger Cause HM 6.09241 0.0082

RE does not Granger Cause AAP 1.46295 0.2542

AAP does not Granger Cause RE 2.68877 0.0913

HM does not Granger Cause FDI 0.6521 0.5312

FDI does not Granger Cause HM 4.18383 0.0296

RE does not Granger Cause FDI 4.13318 0.0307

FDI does not Granger Cause RE 0.07777 0.9254

RE does not Granger Cause HM 4.01115 0.0299

HM does not Granger Cause RE 3.15180 0.1412

inflow increases the FDI inflow in the country. There is bi-
directional causality between ambient air pollution andHM. This
implies that AAP cause HM. There is also a unidirectional from
RE to HM. This implies that RE causes the mortality. The results
of this study are in line with the previous literature as most of
the previous studies confirmed the positive association between
FDI and pollution, explaining that More FDI to a host country
increases the air pollution in the host country Alsan et al. (20);
Nagel et al. (23). Furthermore, Hitam and Borhan (9) suggest
that an adverse effect of FDI on health and reported that FDI
inflow leads to an increase in the health cost in the host country.
Similarly, the results of this study confirm the previous literature
findings such as Walker et al. (66); Kaygusuz (65) confirmed
that RE consumption may lower the mortality and a positive
association has been found between FDI and health quality.

CONCLUSION

Foreign direct investment inflow is generally considered with a
positive effect on the economy, supported by various empirical
studies. Nonetheless, the FDI imposes a serious cost, particularly
on the environment, in terms of AAP, which leads to mortality.
Therefore, this paper investigates the relationship between
FDI inflow, AAP, mortality, and RE in China from 1998 to
2020. China takes various reforms to boost FDI inflow, which
has brought a significant amount of FDI in the country in
the last few decades. This study uses a non-linear ARDL
cointegration approach for the empirical analysis; we use
mortality as a dependent variable while RE, FDI inflow, and
AAP as independent variables. The empirical findings suggest
the long-run and the short-run association between mortality,
FDI inflow, RE, and AAP. The results also support the existence
of both short-run and long asymmetries in the model, which
implies explanatory variables are held an asymmetric relationship
with the dependent variable. The short-run findings present
mixed results, while long-run findings show a positive effect of
FDI inflow and AAP on mortality, while RE found negatively
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associated with mortality. The Granger causality results further
support the baseline estimation as FDI and AAP and RE
causes mortality. Similarly, AAP causes mortality. These findings
suggest that FDI has the main component of AAP, indicating that
FDI inflow causes AAP in China. Besides, we also confirm that
AAP is the main source of morality in China. Thus, FDI could
lead to mortality in China.

Moreover, the negative association between human mortality
suggests that FDI could reduce human morality by providing the
environment’s quality and meeting the energy needs of country.
The government needs proper policy guidelines to further boost
up FDI inflow due to its positive aspects. However, to reduce
AAP and humanmorality, more RE options should be adopted in
various foreign own enterprises. Furthermore, proper legislation
for foreign firms might be a good step toward environmental

and human health qualities. This study can be extended to many

other developed countries by conducting a comparative study.
A similar study can also be conducted comparing the Southeast
countries. A study can be a wise attempt if India is compared with
China using the same variables explored.
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The digital transformation has impacted society at different levels, mainly on the economic

and governance levels. This paper investigates the impact of the digital economy on

social governance mechanisms. Additionally, it captures the indirect effects or mediating

forces such as social reforms and a sustainable digital economy. The study followed a

positivism philosophy, and it is survey research influencing cross-sectional study. The

unit of analysis in the current paper was employees from four different professions as

economists, financial analysts, managers, and teachers. The random sampling technique

was used as a sampling type, and a questionnaire was used for data collection.

Structural equation modeling (SEM) was carried out as a data analysis technique. The

research findings revealed that the digital economy has a favorable impact on the

social governance mechanism. Likewise, the digital economy positively affects social

reforms and a sustainable digital economy. Social reforms also proved to link with a

sustainable digital economy positively. The output of the indirect effects and structural

model confirmed that social reform played a partial mediation role between the digital

economy and sustainable digital economy. Moreover, a sustainable digital economy

confirmed a partial mediation between the digital economy and the social governance

mechanism. Finally, analysis confirmed a serial mediation among digital economy, social

reforms, sustainable digital economy, and social governance mechanism. Therefore,

policymakers and government agents should improve the digital economy to have a

strong social governance mechanism.

Keywords: digital economy, social reforms, sustainable digital economy, social governance, governance

mechanism

INTRODUCTION

The numerous adoptions of digital technologies in recent times have stimulated the huge
transformational process called digitization. Digitization has helped society to process, produce,
transfer, and share all sorts of data and information. However, digital transformation has not
happened overnight or is a one-time event despite its fast pace. According to Avotra et al., it
has occurred gradually and is driven by three different waves of technological revolution and
innovation (1). The first wave of digitization is supported by the adoption and introduction
of refined technologies such as information management systems, automatic reporting and
monitoring systems for business performance, broadband, voice telecommunications, including
fixed and mobile. All these technologies have helped to access information remotely. Furthermore,
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the advent of the internet and its conforming extensions such
as e-markets and search engines initiated the second wave
of digitization. The second wave enabled the big web of dot
coms to connect the consumers and enterprises at a new level
for purchasing, selling, and distributing services. Consequently,
the second wave transformed into the third one entailing the
more advanced technologies such as the internet of things
(IOT), artificial intelligence, robotics, and sensors. All this
advanced development focused on enhancing the information
processing, automating the daily mundane tasks within the
business organizations as well governments, and increasing the
accuracy of the decision-making process for organizations (2–4).

Berger and Frey (5) suggest that digital transformation has
impacted society at different levels, mainly on the economic
levels. The automation of different business operations such
as increasing production, reducing costs, and enhancing the
operational frameworks have added a huge sustainability
benefit to the businesses. The digital economy has offered
novel opportunities for businesses and the job market. The
extensive and diverse range of services the digital economy
offers has created numerous new jobs that have impacted
both entrepreneurial and employment markets. The digital
economy uses a huge amount of data and information for
its operational framework that has helped to deliver the same
public services such as health and education more efficiently.
The sustainable digital economy has also impacted the social
governance mechanisms by enhancing the quality of interactions
between governments and their citizens (5).

Lastly, the other major and big impact of the digital economy
is social relationships and human behaviors by providing social
inclusion and shared communication opportunities. However,
Goos et al. has highlighted the other side of this coin
that reveals that the digitization of businesses does have
some disadvantages (6). For example, the internet scams and
cybercrimes, labor interruption, evaporation of companies, and
social isolation at individual levels. These disadvantages challenge
the regulators and policymakers to understand the ever-changing
process of digitizing the economy more comprehensively. The
digital economy is in constant transformation and innovation
diffusion. By understanding the patterns of transformations,
the information communication and technology regulators and
policymakers can predict the changes resulting from gradual
waves of digitization and technological progress, leading to a
better assessment of the digital economy. Hence, to achieve a
sustainable digital economy, digitization should be perceived as
two processes at once: research and development and evolution
through innovation among the consumers, enterprises, and
governments adopting technology.

Moreover, it is important to distinguish between both
processes because the former one (technological progress) is way
ahead of the latter one (diffusion). This means there could be
a significant gap between product accessibility and impact. For
example, in the 1940s and 1950s introducing computing into
businesses did not yield a noticeable impact on productivity. It
took almost 40 years (1990) for the significant impact to emerge.

Subsequently, the internet has boomed in the mid of 1990s
resulting in an expanded digital space that has changed how

businesses generally operate along with the advanced methods
of transactions between consumers and businesses. This is when
computers have emerged globally and abundantly involved in the
world economies. The newworld economy has become reliant on
internet technologies like never before. It has been explains that
in 2015 more than 75% of Americans were reported as regular
users of the internet as compared to in 2000 with only 44% users
(3). According to the U.S Department of commerce reports, there
are is still a little doubt about to what extent the digital platforms
impact American businesses and their part in enhancing the
overall economic growth of the country. Hence, measuring
the impact of the digital economy is essential for evaluating
the overall economic growth since the continuously increasing
reliance of consumers and businesses on digital platforms and
services (7, 8).

The digital economy has been sustainable at several levels.
Sturgeon (9) thinks that the main characteristic of the digital
economy is that it frees businesses from relying on geographical
locations resulting in removing the better location from the list
of competitive advantages. This however shifts the business’s
complete reliance only on digital technology such as mobile
devices, websites, smart contracts, and cloud computing (9). Bag
et al. observe that the digitalization of the economy is a central
factor for achieving a sustainable and competitive economy
overall (10). Yun et al. (11) describes this transformation as
the destruction of traditional business models and industries
resulting in blurred boundaries between technology and business,
technology has proven itself to be the catalyst for business
transformation and strategy. The organizations have a new
perspective of technology and are stimulated to rethink their
operating models and the role of technology in the organizational
structures (11).

The impact of the digital economy has been studied many
times before and is not a new idea. For more than two
decades, the department of commerce of different countries, the
Bureau of Economic Analysis (BEA), and other agencies have
been researching and publishing multiple reports measuring the
impact of the digital economy on different social and political
governance mechanisms. The reports on the digital economy
can be dated as far as 1998. The US census bureau in 2001
published a report using the same rationale that is currently used
to measure the impact of the digital economy. Moreover, the
US Department of Commerce in 2016 formulated a board of
advisors to run a Digital Economy Board (DEB) consisting of
leaders from both academia and industry. These members offer
a diverse range of professional knowledge and experience on the
digital economy and its relation with economic policies. In their
first report, DEBA has recommended different ways to measure
or monitor the impact of indicators of digital economy such as
productivity and GDP, including the extent of digitalization of
different economic sectors (12).

It is to be noted that the significant characteristic of the
digital economy is not technology anymore but innovation. The
internet provides an opportunity for innovative minds to develop
new ways to solve old problems, unlike oil and chemical sectors
that have old and outdated environmental and social concerns
when pressured by stakeholders. However, on the other side, the
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e-business models include these concerns on the very primary
levels. The digital economy understands the urgency of the issues
rather than delaying them to the point when it becomes a burden
or challenge for the current way of doing things. Hence, any fast-
changing and young sector can adapt these digital measures more
easily than any old organization trapped in traditional mindsets.
The digital economy with the right vision, intelligent policy, and
creative imagination can help to achieve sustainability (13).

The digital economy has given birth to sustainable E-
commerce that has changed the power balance between
consumers and businesses. Themostmajor benefit for consumers
is the availability of cheap goods and services as the prices can
be compared with a single click. However, consumers aren’t
the only stakeholders in the whole framework that are befitted
from e-commerce. There is no doubt that the internet provides
inclusive and responsible business models, but it also requires
establishing clear ethical criteria. The current digital economy
is often under suspicion by consumers due to unsolved privacy
and security issues related to online transactions. As the digital
economy advances as a more established and sophisticatedmodel
the interactions including both business to consumers or business
to business face a diverse range of issues including both social and
environmental impact of the products and services being sold
online (13).

Since the internet already blurs the traditional boundaries in
almost all sectors including breaking the social class difference in
terms of information accessibility and bringing the government
out of its walls, the current paper aims to explore the more
complex phenomenon of the internet known as the digital
economy and its impact on the sustainability, social reforms
as well as social governance mechanisms. The current research
is well-aware of the fact that the web is a major source of
building new partnerships and alliances. Hence, to build a
sustainable digital economy, the world needs to connect the
dots. All the major Dotcoms, including Dot organizations and
Dot governments, require to come on the same page to share
ideas and innovate new solutions for existing problems to
achieve sustainability in every economic sector. It is important to
measure the relationship among digital economy, sustainability,
social reforms, and governance mechanisms as the digital
economy evolves, it appears to be more difficult for businesses to
maintain their market leadership. The research and development
in this area are important because it doesn’t matter how well a
business can keep the pace of innovation in different sectors of
the economy it can still face serious problems if stayed under-
researched. In short, the digital economy is changing so fast that it
seems impossible for businesses to keep a sustainable advantage.
The only way for any company to keep its competitive advantage
is to keep up with the digital transformation of the economy
through research development.

REVIEW OF LITERATURE

Digital Transformation and Sustainable
Digital Economy
The digital economy refers to utilizing digital tools and advanced
technologies such as mobile applications, social networks, and

e-commerce into normal businesses (9). It consists of the
transformation of an organization’s business strategy toward
adapting the innovative technologies and applying digitalization
to increase its value production. This strategic transformation
helps to support innovation by providing detailed market insight
and consideration toward the newly conceived ideas (14).
The previous studies suggest that for increasing a business’s
production value, the organizational strategies equally matter
as much as the adaption of new technologies. Hence, a
profound analysis is required to explore the possibility of
redesigning existing business models to keep up with the digital
transformation to achieve a sustainable digital economy. This
can lead to creating organizations with better performances and
competitive advantages. Which can impact the whole economy
positively and add to the benefits for both consumers and
businesses as some past studies have already revealed (15).
Kane et al. (16) have explained the impact of organizations
adoption of new technologies as a contribution to the social
reforms and well-being of the respective society. A digital
economy enables businesses to survive in an era of ever-
changing consumers and supply demands by adapting to the
latest digital information tools (17). Any digital economy can lead
to sustainability when its firms have the potential to have an in-
depth up to date understanding of digital innovation which is
derived from the internal research and development sources of
the economy (16, 18, 19). Therefore, to establish a sustainable
digital economy, every organization must consider taking its
business to the available digital platforms enabling optimization,
innovation, consumer interaction that can eventually lead to a
better work environment and transformed business context (15).
The sustainable digital economy is not solely derived from the
link between digital platforms and technologies but also depends
on the organization’s speed of innovation and adaption. Thus,
before anything, the digital adaption in the overall economy is
the enabler of the sustainable digital economy. Subsequently,
the digital upgrades must fit every individual business model
present in the respective economy to achieve a sustainable digital
economy and innovation (20). Under the context of the above
argument supported by existing research studies, a positive link
between digitalization and a sustainable digital economy can be
made. Hence, it leads to form following hypotheses:

H1: Digital economy has a positive impact on a sustainable
digital economy.

Sustainable Digital Economy and Adaptive
Governance
Generally, every government is accountable for adapting the
best suitable digitalization governance strategy according to
its country, culture, economic needs, and values. However,
despite the deployed governance strategy within an existing
government, a sustainable digital economy will always require
reconsideration of the governance mechanisms and redesigning
of more flexible and adaptive government mechanisms. These
redefined social governance mechanisms enable stakeholders in
both government and society to actively regulate their best norms
and codes of conduct to acquire the advantages of digitalization
without experiencing unnecessary losses or risks. To be precise,
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it will become inevitable for governments, in alliance with other
stakeholders from academia, industry, the general public, and
NGOs to actively participate to improve and implement policies
that can guide the digital economy to meditate technological
benefits against the possible environmental and social disrupting
factors especially as both information and experiences tend to
move toward advancement with time.

Linkov et al. shows three different types of governance
strategies for a sustainable digital economy presented in the
Organization for Economic Co-Operation and Development
(OECD) (21). These three strategies include (i) laissez-faire
(industry-driven approach), (ii) precautionary strategy (pre-
emptive strategy on the part of government), and (iii)
stewardship (an “active surveillance” method by government
agencies) to mitigate the risks of digitalization while supporting
the innovation in private sectors. Despite the given governance
strategies, adaptability is required to deal with risks and threats
related to digital sustainability as formulated by Sustainable
Development Goals (SDGs) (22). Adaptive governance is defined
by Trump (2017) as the adaption of rules and practices that
can regulate the incorporation of new technologies and data
to balance the benefits and risks of given digital activity
(23). It is possible that this balance might be achieved within
the three proposed governance strategies. For instance (24),
adaptive governance can be formulated through legislation to
assess the risks and evaluate the present regulatory structures
with the help of progressing space and loss. In this particular
scenario, every regulatory hard law must offer clauses for
routine amendments for risk management. Similarly, adaptive
governance can also be framed willingly through voluntary
measures taken by majorly affected stakeholders and can give
birth to soft laws based on flexible clauses of the code of
conduct that can be changed when faced with challenges posed by
digitalization. Generally sustainable digital economy stimulates
industry, academia, and private stakeholders to evaluate the
digital services and examine the threats posed by digitalization
as well as improve and propose effective governance strategies
to maintain sustainability. Irrespective of the type of governance
strategy in practice, every stakeholder from government and
industry benefits from adaptive governance, not in terms of
social and environmental sustainability but also provides a
helpful and relevant governing manual. Hence, studies show that
adaptive governance stimulated by the digital economy is capable
enough to deal with the modern challenges faced by sustainable
digital economies such as privacy breaches, transaction scams,
cybersecurity threats, and stealing data (25–27).

Another governance framework that deserves consideration is
Fountain theoretical model of technology enactment framework,
which is based on the literature on neo-institutionalism, network
organizations, governance, and bureaucracy (28, 29). It has
offered some theoretical understanding of the governance
framework that can work around the digitalized economies.
The framework explains the interaction taking place among
technology, organizations, and institutions. Fountain (28) argues
that “Information technologies are not so much implemented
or applied but enacted by decision-makers.” This gives rise
to e-governments that can deliver services to businesses and

citizens while providing law and security for the digital economy.
According to Gauld and Goldfinch, the concept of e-government
became part of public administration as the private sector
adopted digital technologies into business and commerce (30).
These e-governments with their commercial and technical
features, have become “Government 2.0” in many countries (31).
Despite the fact that Fountain framework has provided strong
foundational support in understanding governance around the
digital economy but it still has shortcomings, For example,
the empirical case studies used by Fountain (28) to test her
theory were mostly limited to organizations from the federal
government of United States. This creates a research gap that
suggests further empirical research on understanding the impact
of the digital economy on governance mechanisms. Hence the
current study offers the following hypotheses:

H2: Digital Economy has a positive impact on
governance mechanism.
H3: Sustainable digital economy has a positive impact on social
governance mechanisms.
H4: Sustainable digital economy mediates the relationship
between the digital economy and social governance mechanism.
H5: There is a serial mediation that exists between the digital
economy and social governance mechanism.

Delivery of Research and Education by
E-Government in the Digital Economy
The United Nations have set multidimensional approaches
to evaluate the development of e-governments of different
state members. These multidimensional approaches focus
on the quality and standard of the online services, social,
and educational factors including human capital, and
telecommunication infrastructure. Moreover, the United Nations
also focuses on evaluating e-participation from three different
perspectives: sharing information, consultation, and engagement
on decision-making processes by governments and citizens.
This approach highlights the importance of social factors such
as citizen participation in the development of e-governments
established for digital economies. Research indicates that e-
participation is the major key factor in attaining sustainable
levels of e-democracy in a nation, leading to a sustainable
digital economy (32). This indicates that the development
of both sustainable digital economy and government is not
dependent on a single factor but multiple factors including
telecommunication infrastructure, legislation, and regulatory
atmosphere, quality information, and most important social
and economic reforms as well as management and engagement
characteristics of citizens. The other factors that influence
the adoption of the digital economy and government are
demographics, skill sets, and socio-economic backgrounds of
the citizens (33). Furthermore, Zhao (34) has also found culture
as a major factor to influence the development of the digital
economy and governments. For example, another study by Zhao
et al. (35) has found that the 26 different European countries
with higher power distance rates tend to have lower rates of
adoption of e-governments. However, countries with high levels
of individualism and continuous cultural transformation are
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faster to adopt a digital economy as well as government. Hence,
the study has concluded that social factors such as cultures
directly impact the adoption of governance mechanisms while
the digital economy has a moderating effect on this direct
relationship between governance and culture.

H6: Social reforms mediates the relationship between the digital
economy and sustainable digital economy.

Furthermore, the other social factors such as the education sector
and research and development also influence the digital economy
and value transformation. For example, teachers are playing a
major role in changing the nature of consumers by creating a
novel type of studentship in the existing education system. The
education sector of the current era is taking full advantage of the
digital technologies and as well as unique networking platforms
to involve all direct and indirect stakeholders in the educational
process (36). Marz et al. have termed this phenomenon as
“network interaction” including teachers, students, parents, and
other educational stakeholders. This has enabled traditional
educational frameworks to be more flexible and open toward
welcoming new developments. Moreover, it has allowed the
educational stakeholders to consider the psychological and
physical characteristics of its consumers while designing a digital
education system (37).

This updated transformation of the education system has
given birth to new social reforms focused on training a better
staff to lead people who require to develop in accordance with
the ever-changing demands of the international labor markets
in the future. Subsequently, the international educational market
directly influences the quality of international labor markets
and global economic development. Hence, the digital education
system has become foundational for the advancement of the
digital economy. The world has realized the importance of
this particular educational transformation and much work has
already been done in training engineers and scientists to enhance
the quality of research and development for the future of the
digital economy. This provides a new world view reliant on the
technology, innovation, and transformation of already existing
social institutions. The social reforms of modern society are
either derived from artificial intelligence, machine learning and
robotic or are dependent on the three. In their study, Zheng
et al. (38) observe that the current post-industrial society requires
a knowledge-based economy sustained through technology and
smart human capital. The study highlights the huge gaps between
the needs of a group and an individual. However, researchers have
identified this gap for a while now due to the advent of smart
cities and the Internet of Things (IOT). The current digital social
structure is going to completely change the nature of human
capital and social reforms related to the role of education and
science in our society (38).

According to the research by Chai, dozens of Asian, American,
and European countries have digital development of education
and human capital as their prime focus to develop a sustainable
digital economy (39). These countries are focused on developing
a digital economy supported by smart human capital equipped
with the use of technology and science, technology, engineering,
and mathematics (STEM) education. By strengthening the

FIGURE 1 | Theoretical framework.

education science and research development, the countries are
addressing the major problems faced by economic sectors as
it directly impacts the development of the digital economy,
governance, and human capital. Hence, studies show [e.g., (24,
37, 38)] there are multiple influences, including the roles of
policymakers, public officials, and social factors such as legal and
cultural norms and the educational and political contexts that
impact the sustainability of the digital economy and government.
Hence the current study hypothesizes:

H7: Digital economy has a positive impact on social reforms.
H8: Social reforms have a positive impact on a sustainable
digital economy.

Based on the above literature and hypothesis following
framework has been formulated (see Figure 1).

Methodology
The positive philosophy supports the current Research Topic.
The study is a survey-based study with a cross-sectional aspect
because the data was obtained at a specific moment in time. The
survey study yields estimate that are cost-effective, dependable,
and accurate. A self-administered questionnaire was used in the
current research to collect data for the survey. Professionals
from different professions were used as the unit of study. The
paper used a random sampling technique, which means that
every participant in the population has an equal chance of being
chosen. As a result, the biasness of responses is minimized.
The study had a total sample size of 381, however, only 450
questionnaires were disseminated across the public, with 69 being
screened out during the screening procedure. The data was
gathered through social media networks, and the questionnaire
was created using Google Forms. Google-Forms provided an
excel sheet of replies, which was then imported into Smart-PLS
for structural equation modeling (SEM).

Measurement
The paper follows already used measurement scales for each
construct in the researchmodel. There were a total of 18 items for
four constructs in the model. The digital economy was measured
through three items and the scale was adapted from (40). The
construct of social reforms was measured through a seven-item
scale and adapted from (41, 42). The scale for a sustainable digital
economy was taken from (43) and it was based on four items.
Finally, the social governance mechanism was taken from (44)
and it was measured with four items scale. All measurement
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scales were modified marginally but it did not change the overall
meaning where each measurement or question or item was asked
on 5 points Likert scale from (5) strongly agree to strongly
disagree (1).

Data Analysis Approach
The proposed conceptual model was investigated utilizing the
Smart-PLS version 3.3.3 application in this study. There are two
aspects to the method: (i) measurement model evaluation and (ii)
structural model evaluation. As advised by previous studies, these
two processes are typically trade-offs when using the single-step
technique (45, 46). The structural model evaluation emphasizes
the link between model variables, whereas the measurement
model evaluation demonstrates how all model variables are
assessed. The consistency of indicators and constructs in the
research model is included in the estimation of the measuring
model. Furthermore, it encompasses both discriminant and
convergent validity. To assess the constructs’ and indicators’
reliability and validity, certain estimations are used. Factor
loadings (FD), construct reliability (CR), and Cronbach alpha
(α) is used to assess indicator and construct dependability,
respectively. Furthermore, the average variance extracted (AVE)
is employed for convergent validity, Fornell and Larcker
criterion, and HTMT ratio for discriminant validity. The FD, CR,
and AVE values must all be ≥0.70 (4), but the AVE value must
be≥0.50 (47, 48). According to the Fornell and Larcker criterion,
the square root of all diagonal values should be greater than the
square root of off-diagonal values. HTMT results, on the other
hand, should be close to zero but >0.85 (49).

DATA ANALYSIS

The demographic factors are an important indicator to judge the
sample characteristics. There are four demographic indicators
are discussed by the respondents. In the total sample, there
were 46.98% male and 53.02% were women. They belong
to different age classes, such as 20 and fewer years, 21–25,
26–30, 31–35, 36–40, 41–45, and 46–50. Where 19.42, 31.76,
20.47, 14.17, 5.51, and 8.66% belong to each class, respectively.
Respondents belong to four different educational qualifications.
Where, 35.17% have Bachelor and lower qualifications, 25.72%
(Master), 33.86% (Doctorate or Ph.D.), and 5.25% (Diploma and
others qualification) as depicted in Table 1.

Model Measurement
Themodel measurement involves reliability and validity analysis.
Table 2 depicts the overall measurementmodel. All the indicators
used to estimate each variable are reliable as the factor loading
for each construct is higher or equal to 0.70. Hence indicator
reliability is maintained. The α and CR are considered to calculate
the reliability of constructs in the model. The α-values are for
the digital economy (0.880), sustainable digital economy (0.855),
social governance mechanism (0.847), and social reforms (0.920).
On the other hand, CR values are for the digital economy
(0.926), sustainable digital economy (0.902), social governance
mechanism (0.847), and social reforms (0.937). All these values
for α and CR are above the threshold point 0.70 hence the

TABLE 1 | Demographics of the respondents.

Demographics Respondents %

Gender

Male 179 46.98%

Female 202 53.02%

Age

20 and fewer years 74 19.42%

21–25 121 31.76%

26–30 78 20.47%

31–35 54 14.17%

36–40 21 5.51%

41–45 33 8.66%

46–50

Education

Bachelor and lower 134 35.17%

Master 98 25.72%

Doctorate 129 33.86%

Diploma and others 20 5.25%

Industry

Economist 98 25.72%

Financial Analysts 125 32.81%

Managers 87 22.83%

Teachers 71 18.64%

Total sample 381

construct reliability is satisfactory. Figure 2 illustrates the PLS-
algorithm outputs.

The AVE value estimates the convergent validity, hence
the AVE values for all constructs above the 0.50 threshold.
It indicated that the convergent validity is maintained for all
variables in the model.

The discriminant validity is measured through Fornell and
Larcker ratio and HTMT ratio. Where Table 3 represents the
output of the Fornell Larcker criterion where the square root of
all diagonal values are above the off-diagonal of correlation values
hence the outcomes are satisfactory. Therefore, multicollinearity
issues or discriminant validity issues were found, and all
constructs are discriminately valid.

The HTMT ratio output is presented in Table 4 and all
values are near to zero and <0.85 threshold point for HTMT
ratio. Hence, the second measure of discriminant validity also
confirmed that no such discriminant validity issues were found.

Structural Mode and Hypothesis Testings
The structural model assessment was carried out to test the
hypothesis and check the relationships between constructs in the
model. Overall, the study proposes five direct effects and three
indirect effects or a total of eight hypotheses. Direct effects are
illustrated in Table 5.

The digital economy has a positive and significant
impact on social governance mechanisms. The output
t statistics 15.971, p 0.000, confirmed that H1 is accepted.
The digital economy has a meaningful impact on the sustainable
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digital economy where t statistics 5.937, p 0.000 confirmed that
H2 is accepted. Likewise, a sustainable digital economy has
a positive impact on social governance mechanism as output
t statistics 8.652, p 0.000, hence the H3 is accepted. The H4 is

TABLE 2 | Model measurement and descriptive statistics.

Constructs Items FD α CR AVE

Digital economy DE1 0.882 0.880 0.926 0.806

DE2 0.899

DE3 0.912

Sustainable digital economy SDE1 0.842 0.855 0.902 0.698

SDE2 0.884

SDE3 0.790

SDE4 0.822

Social governance mechanism SGM1 0.872 0.847 0.897 0.686

SGM2 0.844

SGM3 0.814

SGM4 0.780

Social reforms SR1 0.834 0.920 0.937 0.681

SR2 0.889

SR3 0.833

SR4 0.830

SR5 0.652

SR6 0.830

SR7 0.885

DE, digital economy; SDE, sustainable digital economy; SGM, social governance

mechanism; SR, social reforms.

also accepted as t statistics 57.168, p 0.000 confirmed that digital
as the digital economy rises the social reforms also increases and
both have a positive relationship. The last direct effect confirmed
that social reforms have a positive impact on sustainable digital
economy as t statistics 7.936, p 0.000. Hence, H5 was accepted.
R2 values demonstrated that 75.7, 58.6, and 75.7% predictive
impact of independent variables on the dependent variables.

Indirect effects or mediating analyses are presented in
Table 6. Social reforms confirmed partial mediation between
the digital economy and sustainable digital economy as
t statistics 7.817, p 0.000. Therefore, H6 accepted. The sustainable
digital economy also proved a partial mediation between
the digital economy and social governance mechanism where
t statistics 5.853, p 0.000, hence H7 accepted. Finally, the last
indirect effect is also accepted as there exists a significant serial
or chain mediation between digital economy, social reforms,
sustainable digital economy, and social governance mechanism
as t statistics 4.839, p 0.000. Figure 3 showed the output of
t-statistics, and it is the outcome of PLS-bootstrapping.

DISCUSSION

The digital economy plays a vital role in developing a
strong social governance mechanism. This research explores
the impact of the digital economy on social governance
mechanisms. In addition, it investigates the mediating role
of a sustainable digital economy and social reforms. This
study found that the digital economy positively impacts social
reforms, sustainable digital economy, and social governance
mechanisms. It indicates that the digital economy’s prosperity
enhances the sustainable digital economy (50). Green innovation

FIGURE 2 | Model measurement.
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such as green bonds is sustainable and socially important
innovations important for social governance (8). Likewise,
reforms such as social and economic reforms are essential
components of a sustainable digital economy (22, 45). The
greater connectedness and networking that digital technologies
provide, such as enhancing communication, services, and trade,
is changing society (21). Policymakers are increasingly examining
the original sustainability policy concepts in various national
governments and international organizations such as the United
Nations (UN) and the Organization for Economic Co-operation
and Development (OECD) (21). Whilst growth of a digital
economy may boost efficiency and benefit global and regional
economies, it is also an indispensable tool for sustainability
challenges in terms of social (i.e., the benefits or costs imposed
by disruptive digital technologies on social networks and ways
of life, including threats to economic sustainability and the rise
of economic disparity) and environmental (i.e., natural resource
stewardship and concern for future generations) well-being (21).
In recent years, the digital economy and the green economy
have become the most important topics on the environmental
policy agenda. The first section of the article examines current

TABLE 3 | Fornell and Larcker criterion.

Digital

economy

Social

governance

mechanism

Social

reforms

Sustainable

digital

economy

Digital economy 0.898

Social governance 0.843 0.828

mechanism

Social reforms 0.870 0.831 0.825

Sustainable digital economy 0.731 0.764 0.748 0.835

TABLE 4 | HTMT ratio.

Digital

economy

Social

governance

mechanism

Social

reforms

Sustainable

digital

economy

Digital economy

Social governance mechanism 0.571 –

Social reforms 0.359 0.532 –

Sustainable digital economy 0.636 0.814 0.441 –

thinking on the environmental impact of the digital economy,
particularly on the special governance mechanism, while the
second piece examines the green economy and social reforms.
Both perspectives have risen to prominence in the fields of ITC
policy and sustainable development (2, 3).

CONCLUSION

The role of the digital economy in improving social governance
mechanisms is indispensable. Moreover, sustaining a strong
sustainable digital economy is a key component to shape up
the social governance mechanism. It is important to investigate
the role of the digital economy in shaping the impactful social
governance system. The impact of the digital economy on
social governance mechanisms is investigated in this research.
It also includes indirect effects or mediating forces like social
reforms and a long-term digital economy. The research is based
on a positivist mindset and is a survey study. It’s a cross-
sectional investigation. Employees from four various professions,
such as economists, financial analysts, managers, and teachers,
served as the study’s unit of analysis. The sampling method
was random sampling, and the data was collected using a
questionnaire. Structural equation modeling (SEM) was used
as a data analysis technique. The findings of the research
demonstrated that the digital economy has a good impact on the
social governance mechanism. Similarly, the digital economy has
a favorable impact on social changes and the long-term viability
of the digital economy. Social reforms have also been shown
to have a good relationship with a long-term digital economy.
The indirect effects and structural model output revealed that
social change partially mediated the digital economy and long-
term digital economy sustainability. Furthermore, a sustainable
digital economy validated a partial mediation between the
digital economy and social governance mechanisms. Finally, the
analysis revealed that the digital economy, social reforms, long-
term digital economy, and social governance mechanism are all
intertwined. To establish a strong social governance mechanism,
policymakers and government agents should work on improving
the digital economy.

The implication of study is that management can influence
knowledge transfer powerfully by launching non-market,
intrinsic incentives (51) that “allow for the establishment of
psychological contracts related to emotional loyalties,” which in
turn increases individuals’ motivation to share knowledge (52).
Individuals may feel a sense of appreciation or professional and

TABLE 5 | Direct effects.

H Paths Original sample Sample mean Standard

deviation

T statistics P-values R2 Results

H1 Digital economy → Social governance mechanism 0.609 0.609 0.038 15.971 0.000 0.757 Accepted

H2 Digital economy → Sustainable digital economy 0.333 0.333 0.056 5.937 0.000 0.586 Accepted

H3 Sustainable digital economy → Social governance mechanism 0.319 0.319 0.037 8.652 0.000 Accepted

H4 Digital economy -> Social reforms 0.870 0.870 0.015 57.168 0.000 0.757 Accepted

H5 Social reforms → Sustainable digital economy 0.458 0.459 0.058 7.936 0.000 Accepted
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TABLE 6 | Indirect effects.

H Paths Original

sample

Sample

mean

Standard

deviation

T statistics P-values Results

H6 Digital economy → Social reforms → Sustainable digital economy 0.399 0.399 0.051 7.817 0.000 Accepted

H7 Digital economy → Sustainable digital economy → Social

governance mechanism

0.106 0.106 0.018 5.853 0.000 Accepted

H8 Digital economy → Social reforms → Sustainable digital economy →
Social governance mechanism

0.127 0.128 0.026 4.839 0.000 Accepted

FIGURE 3 | Structural model.

personal progress as a result of the successful implementation
of these social governance processes. These techniques establish
an environment of identification, trust, and commitment that
is devoid of the “perfunctory compliance” that comes with
hierarchical control (53). Therefore, applying sustainable digital
economy and digital economy through social reforms serves to
strengthen the social governance mechanism.

LIMITATION OF THE STUDY

There are few research limitations in current research. Firstly,
this paper investigates sustainable digital economy and social
reform as mediators in the current research model. Secondly, the
current research model has the paucity of a moderating role that
may buffer the current association among constructs. Thirdly,
the paper is cross-sectional and the findings of the research are
purely based on the response of respondents only. Therefore,
it may produce a bias in the overall findings of the research.
These research limitations open several notable research avenues.
Future scholars should add moderator and mediating variables
in the model. Additionally, the same model should be tested

in other country settings to increase the generalizability of the
findings. Future scholars should conduct longitudinal research
on the topic to gain an depth understanding of the findings.
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Green growth is an exceptional strategy for sustainable development. It provides a

pathway to combat environmental issues and the use of natural resources. This study

investigates the effects of green technology and environmental factors on green growth

in high-gross domestic product (GDP) countries from 2000 to 2020. In addition, it also

probes the linear and nonlinear effects of GDP on green growth. To do so, we employ an

advanced econometric approach, e.g., a cross-sectional autoregressive distributed lags

estimator for long and short runs. The outcomes demonstrate that the linear effect of GDP

is positive for green growth. On the contrary, the nonlinear effect of GDP has a negative

magnitude for green growth. Besides, green technology substantially increases green

growth. Energy consumption is found to be an important influencer, and it decreases

green growth. Environmental factors such as emissions, according to the findings, also

reduce green growth in the sample countries. It is worth noting that the joint effects

of energy consumption and emissions deteriorate green growth in countries. Based on

empirical findings, for policy makers, this study suggests that high-GDP countries should

manage their economic and environmental activities in order to increase the amount of

green growth that may protect the ecological environment.

Keywords: green growth, green technology, energy consumption, environment, GDP

INTRODUCTION

The term “green growth” has been used to refer to ecological protection. An American marine
biologist (R. Carson) published an article entitled “Silent Spring” in 1987, demonstrating that
excessive pesticide input would have a detrimental effect on the environment and people’s
understanding of the harmful effects caused by pollution on human development. It has had
significant global ramifications. Besides, a British economist, namely Pierce, introduced the notion
of “green economy” for the first time in 1989 with the publication of the “Green Economy
Blue Book.” The author explains that natural resource depletion will cause economic growth to
permanently stagnate if economic expansion exceeds the limit of available natural resources (1, 2).

Green growth has received a lot of attention since the consideration of climate change and
environmental degradation. Several organizations, including theWorld Bank, the Organization for
Economic Cooperation and Development (OECD), and the United Nations Economic and Social
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Commission for Asia and the Pacific (UNESCAP), are taking
the green economy seriously.The reason for the continuous
rise in global temperature and its concomitant effect on the
planet is that it has been prioritized in the intergovernmental
panel on climate change (3, 4). In order to address the climate
change issues, the Paris Agreement and the 2030 Sustainable
Development Agenda have renewed the actions toward a better
environment (5). Indeed, the (5) suggests that Agenda 2030 for
Sustainable Development is the norm for all countries, developed
or developing. There are substantial discrepancies between which
countries have a concentration on environmentally sustainable
economic development. However, high-gross domestic product
(GDP) countries are committed to an eco-friendly environment.
The high-GDP countries are experiencing a significant increase
in green growth, but lower-income countries are stagnant or
declining in green growth. Therefore, with a rise in continuous
economic activity, it indicates that there are multifaceted
environmental issues that cannot be solved by all the strategies.

We assess the environmental factors and green technology
that affect green growth. According to the (5), green growth
indicates whether economic growth is becoming greener with
more efficient use of natural capital. The green growth indicator
[environmentally adjusted multifactor productivity (EAMFP)]
measures advancements concerning the sustainable and greener
economy (5). Several researchers have started investigations
into green growth and its influencers. For instance, (6) argue
that advancements in green technology could play a supportive
role in green growth. Cao and Bai (7) analyze that there is
a relationship between green growth and the environment.
Subsequently, (6, 8, 9) concluded that technological innovation,
technological progress related to the environment, and green
industrial development have a remarkable impact on green
growth (10). Besides, (11) studied the environmental factors that
substantially affect green growth.

This article addresses the challenges regarding green growth
that still exist and vary from country to country due to the diverse
economic system and environmental policies. Thus, countries
need to identify the factors that influence green growth and
provide better strategies to tackle the issues. More analytically,
environmental taxes (ENTs) have a substantial impact on green
growth. In explaining, such factors encourage the market’s
concern over economic activities (12). Similarly, emissions are
also imperative in playing a productive role in green growth.
Some high-GDP countries have the potential to spend a larger
amount of national income on the environment in order to
tackle the undesired outputs and preserve the natural base
assets, whereas poor countries are lagging behind in tackling the
environmental issues due to the lack of funds. Besides, energy
consumption also deteriorates green growth through the use of
fossil fuels (oil, coal, and gas), which are discovered from natural
resources. Ultimately, the inverse impact of environmental
factors on energy consumption and the rapidly increasing burden
of ENTs appear.

This study investigates whether environmental factors
and green technology affect green growth in high-GDP
countries. In addition, we question how environmental factors,
e.g., emissions, influence green growth through the use of

energy consumption. Furthermore, does green technology
influence green growth? What strategies should be adopted
to avoid the reduction of green growth in order to make it
environmentally friendly?

Why high-GDP economies? For some reasons, the
research concentrates on high-GDP economies. For instance,
economies significantly contribute to the world’s GDP. These
economies are highly responsible for deteriorating green
growth due to continuous economic growth. Economies
have an abundance of financial resources to invest in
mega projects. Their economic complexity index is high
compared with low-GDP economies. Because of a lack of
evidence in the current literature, the exclusion of significant
factors requires further investigation to explicitly understand
the association between green growth and environmental
factors. Last, whether environmental factors affect the
relationship between energy consumption and green growth is
still unclear.

This article motivates by making several contributions
to the existing literature: first, examining the role of green
technology in green growth, e.g., patents. Second, we
included the environmental factors in order to investigate
the impact on green growth, i.e., (i) environmental productivity,
e.g., carbon dioxide (CO2), sulfur dioxde (SO2), nitrogen
dioxide (NO2), and phosphorus (PH15). Previous studies
did not emphasize environmental productivity, particularly
sulfur dioxide, nitrogen, and phosphorus, but we explored
simultaneously the exact identification of challenges for
the concerned countries and (ii) ENTs. Third, this study
also estimates the linear and nonlinear effects of GDP
on green growth. Furthermore, the joint effect of energy
consumption and emissions is also investigated in the
current model. Last, this research employs an advanced
econometric approach, e.g., Cross-Sectionally Augmented
Autoregressive Distributed Lag (CS-ARDL), for long-run and
short-run estimation.

The findings are documented: green technology enhances
green growth by approximately 13.8% in the long run.
Likewise, primarily, GDP has substantially impacted green
growth. In contrast, the nonlinear effect of GDP reduces
green growth. Furthermore, environmental factors, such as
emissions, harmed green growth in high-GDP countries.
Based on empirical findings, countries should focus on
economic activities rather than environmental concerns.
Finally, high-GDP countries can tackle the issues related
to green growth by decoupling economic growth from
GDP growth.

The structure of this article is described as follows:
after the introduction, we explained the concept, model
estimation, and econometric approaches, including
data sources, in the next section, “methodology.”
Subsequently, empirical results and interpretations are
described in the section titled “Empirical Results.”
Section 4 provides discussions of the findings. Finally,
we concluded the discussions by identifying limitations
and making recommendations for policy implications and
future research.
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REVIEW OF PRIOR STUDIES

The impact of green growth on sustainable development,
employment, climate change, and environmental quality has
received a lot of attention. However, there is contradictory
evidence to back up these assertions (1, 2, 13–16). Also,
there are enormous factors that influence green growth, which
are considered in the literature (17–19). GDP, ENTs, energy
consumption, emissions, and green patents are all imperative
determinants of green growth. However, there is a lack of
research on the influence of green patents and environmental
factors on green growth.

The Relationship Between Green
Technology and Green Growth
Earlier studies, e.g., Hongo’s (20), Nassiry (21), Huang et al. (22),
Azhgaliyeva et al. (23), considered production-based emissions
and consumption-based emissions as proxies of green growth.
In contrast, our model considers EAMFP as green growth.
A number of previous studies, including Lee and Chou (24),
Hao et al. (25), Wang et al. (1, 2), Yang et al. (26), and
Fernandes et al. (27), support EAMFP as a green growth indicator
for investigating the empirical model.Their arguments support
the notion that green growth is strongly influenced by green
technology in developed and developing economies.A few studies
have examined the impact of green patents on green growth (28–
30). Wang et al. (1, 2) investigated the impact of technological
innovation (green patents) on green growth (e.g., EAMFP)
by using the Bayer-Hanch Cointegration test for sample G7
countries. The authors analyzed that GDP and technological
innovation (green patents) have remarkable impact on green
growth in the long run. Furthermore, green growth primarily
depends on technological innovation and GDP.

Another study, e.g., Nosheen et al. (31), estimated the impact
of green technology on green growth for European Union
countries by employing the cross-sectional dependence and
Westerlund cointegration approach. The results demonstrated
that green technology substantially increases green growth.
However, outcomes indicate that other factors such as
energy consumption and production-based technologies
have a negative impact on green growth. Sohag et al. (32)
also analyzed the association among green growth, energy,
and technological innovation for sample OECD countries.
Their findings concluded that there is a positive association
between technological innovation and green growth in the long
run, as estimated by the CS-ARDL approach. Furthermore,
militarization is antagonistic to green growth. Ulucak (29) also
researched the association between green technology and green
growth by using sample emerging economies. The author found
that green technology drastically upsurges green growth. For
instance, patents (e.g., new technologies) reduce the harmful
effects related to the environment and evade the use of natural
resources in unsustainable development.

Green Growth and the Environment
Besides, carbon emissions also have remarkable impacts on green
growth. In order to support such assertion, Koondhar et al.

(33) considered the agricultural production as a proxy of green
growth in order to investigate the impact of carbon emissions.
The authors examined the time-series data by employing the
ARDL approach. The findings concluded that an increase in
carbon emissions substantially reduce the green growth. In
addition, unidirectional exists from green growth to carbon
emissions. In contrast, Yang et al. (26) investigated the impact
of green growth on carbon emissions. The authors also included
the energy consumption in affecting the CO2 emissions. They
argue green growth and energy consumption have substantial
impact on carbon emissions in the long run. Moreover, there
is unidirectional causal relationship from green growth and
energy consumption to carbon emissions exist in the long
run. Subsequently, Hao et al. (25) also debated that green
growth has a remarkable impact on carbon emissions. It means
that carbon emissions could be reduced due to improvement
in EAMFP. In addition, Fernandes et al. (27) argued that
green growth decouples natural resource use and environmental
impacts from the continuation of economic growth. However,
the Paris Agreement and the United Nations Sustainable
Development Goals presume the continuation of economic
growth (34, 35). In future prospects, continuous economic
growth is not a substantial factor for sustainable use of natural
resources. The reason behind this is that continuous economic
growth substantially increases unsustainable production and
consumption in high-GDP countries. Other studies, e.g., O’Neill
(36), D’Alessandro et al. (37), Banerjee et al. (38), also examine
whether economic growth has a remarkable impact on green
growth. Furthermore, the initially positive trend in economic
growth leads to increased green growth by utilizing natural
resources. Thereafter, a continuation in economic growth
declines the green growth concern over the sustainable use of
natural resources. Hickel and Kallis (39) debate that continuation
of economic expansion is not compatible with the global
environment. However, absolute decoupling of GDP growth
from natural resource use and carbon emissions is conceivable
along with technological changes. In addition, Schreiner and
Madlener (40) also found that green growth is substantially
influenced by economic growth. However, their narrative reveals
that macroeconomic growth improves green growth via key
variables, e.g., income level, fiscal policies, and value added. Thus,
the provision of such variables is a cope for green growth. In
contrast, macroeconomic growth varies in each economy due to
its diverse economic system (41–43).

The Relationship Between Green Growth
and Energy Consumption
Considering the outcome of energy consumption on green
growth, a substantial number of studies found that energy
consumption has a remarkable impact on green growth.
However, energy consumption from fossil fuels adversely
affects green growth, which leads to the deterioration of
natural resources. In this context, Kirikkaleli and Adebayo
(44) argued that renewable energy consumption increases
green growth by reducing emissions in the atmosphere.
Likewise, (45, 46) found that energy consumption incredibly
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FIGURE 1 | Theoretical framework.

impacts environmental quality. Furthermore, nonrenewable
energy consumption deteriorates environmental quality because
natural resources are being shrunk gradually with a rise in
environmental pressure. Some upshots are also documented
by numerous studies such as Baniya et al. (47), Sohag et al.
(37), and Ulucak (29) for high-income countries concerning
the relationship between energy consumption and green growth.
Despite the negative effect of renewable energy consumption on
green growth, studies, e.g., Farhani and Shahbaz (48) and Bulut
(49), reported a positive effect of energy consumption (renewable
and nonrenewable) on green growth. Lu et al. (50) also endorsed
the positive effect of renewable energy on green growth.

This study fills the research gap by quantifying the impact
of joint effect of environmental factors and green technology
in green growth in high-GDP countries. The above literature
lacks to give distinct explanations on the association with green
growth. Thus, green technology is included in the current
investigation. Also, the inclusion of joint effect of environmental
factors plays a vital role in analyzing the influencers of green
growth. More interestingly, previous studies merely considered
the energy consumption excluding the fossil fuel. However, this
study considers energy consumption from fossil fuel. The reason
is that emissions are directly released from the fossil fuel used by
different sectors of the economy. Furthermore, the current study
assesses the role of linear, nonlinear, and joint effects of the GDP
and environmental factors, which are ignored by previous studies
in the literature.

METHODOLOGY

Theoretical Framework and Estimation
Strategy
We develop a theoretical framework based on the review of
literature. Figure 1: The framework illustrates that green growth
(GGR) is a function of GDP, energy consumption (ENC), ENTs,
green technology (GTN), and emissions (EMS). Therefore, GDP
may affect green growth through several economic activities such
as trade, investment, agricultural and industrial productivity,
etc. Economic activities require enormous natural resources,
e.g., agricultural resources, which directly influence green
development. More precisely, the environmental Kuznets curve
(EKC) theory reveals that there are three effects, e.g., scale
effect, composition effect, and technique effect. A scale effect
suggests that an increase in GDP reduces green growth at an
initial level because it requires more resources, such as natural

resources (energy and raw materials). Besides, the composition
effect reveals that the country’s structural transformation from
industrial to the service sector is anticipated to reduce the
harmful consequences of economic growth on the environment.
The technique effect shows that economies adopt advanced
technologies along with growth in income, which makes progress
in productivity related to the environment (51, 52).

Theoretical notion reveals that energy consumption is a
critical factor for green growth. Green growth provides a wide-
ranging concept of natural resources specific environmental
services (OECD). It integrates the value of capital natural
resources concerning the economic decisions for development
planning. In addition, green growth also prevents the depletion
of capital natural resource’s value. However, energy consumption
(EC) may affect the green growth (53–55).

Model Specification
This study proposes the following model:

GGRit = β0 + β1 (GDPit) + β2 (ENCit) + β3 (ENTit)

+β4 (GTNit) + β5 (EMSit) + εit (1)

Where β ′s indicate the slope of explanatory variables, and cross
sections are denoted by “i”, (e.g., high-GDP countries), whereas,
“t” show time period from 2000 to 2020. In addition, the terms:
GGR, GDP, ENC, ENT, GTN, and EMS indicate green growth,
GDP, energy consumption, ENTs, patents, and emissions.

The Equation (1) reveals that green growth is a function of
GDP, ENC, ENT, GTN, and EMS. Previous arguments indicate
that GDP has an expected positive or negative sign for green
growth. It is anticipated that GDP has a positive sign

(

GGR
GDP > 0

)

or negative sign
(

GGR
GDP < 0

)

. Similarly, energy consumption may

also have a negative sign
(

GGR
ENC < 0

)

. In addition, ENTs are
anticipated to positively affect or negatively affect the green
growth

(

GGR
ENT > or < 0

)

. It is worth to mention that green
technology has also expected positive effect on green growth
(

GGR
GTN > 0

)

. Lastly, the emissions are anticipated to have negative

effect on green growth
(

GGR
EMS < 0

)

.

GGRit = β0 + β1 (GDPit) + β2

(

GDP2it
)

+ β3 (ENCit)

+β4 (ENTit) + β5 (GTNit) + β6 (EMSit) + εit (2)

Additionally, we extend Equation (1) by including the square of
GDP (GDP2) to estimate the nonlinear effect on green growth.
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TABLE 1 | Variables, measure, and source.

Variable Measure Code Source

Green growth Index of EAMFP GGR OECD

Gross domestic product $US (million) GDP WDI

Energy consumption Ton ENC WDI

Environmental taxes % of GDP ENT OECD

Green technology Number GTN OECD

Emissions ton EMS OECD

Author’s derivation.

The square of GDP also has expected positive or negative effect

on green growth
(

GGT
GDP2 > or < 0

)

.

GGRit = β0 + β1 (GDPit) + β2 (ENCit) + β3 (ENTit)

+β4 (GTNit) + β5 (EMSit) + β6 (EMS∗ENCit) + εit

(3)

Besides, Equation (3) shows that the interaction term of
emissions and energy consumption (EMS∗ENC) is included in
the based model in order to estimate the joint effect on green
growth. Thus, the interaction term is also anticipated to have
negative effect on green growth

(

GGR
EMS∗ENC > or < 0

)

.

Operational Definition of the Variables
The green growth is defined as the level of natural assets that
provide environmental services. Furthermore, it corresponds
to the decoupling of economic growth from resources and
environmental harmful impacts (56). Numerous researchers
agree that green growth is a good and appropriate corridor for
diverse economies and invoke it as a proper future route toward
a low-carbon world (25, 57, 58). Conventionally, green growth
is measured by EAMFP. Moreover, EAMFP also measures
the residual growth in the joint production of desirable and
undesirable items. Considering the influencers of GGR, GDP
is the most important factor, defined as the value added of all
commodities produced by the economy within a specific time
period and measured in dollars. Energy consumption is also a
crucial factor for green growth. It refers to the consumption
of fossil fuels (coal, oil, and gas) by all sectors of the economy
in millions of tons (59, 60). Subsequently, ENTs also effectively
made significant changes in green growth. Therefore, it is defined
as green taxes, ecotaxes, and pollution taxes, which are broad
forms of governmental duties on entities (firms and companies)
aimed at protecting the environment (45, 46, 61–63). Besides,
patents also play a productive role in green growth. It indicates
that the output of environmental innovation or new technologies
can be used to combat environmental issues (64–66). In addition,
emissions are also an important factor in influencing green
growth. Crippa et al. (67); Yuping et al. (68) and Reisinger
et al. (69) define it as the amount of substance released into
the atmosphere. Table 1 provides the variable, measure, code,
and source.

TABLE 2 | Descriptive statistics.

Variable Obs Mean S.D Min. Max.

GGR 400 0.926 1.326 −6.650 4.880

GDP 400 2.505 3.546 1.604 2.160

GTN 400 2.955 1.467 0.091 4.391

EC 400 3.887 3.775 0.001 4.389

ETN 400 2.205 2.094 0.100 16.976

EMS 400 14.311 1.336 11.707 18.071

EC 400 14.59 13.337 0.005 51.787

Author’s calculations.

Data and Source
To estimate the effect of green technology, energy consumption,
GDP, emissions, and ENTs on green growth, balanced panel
data are used from period 2001 to 2020 for the top 20 high-
GDP countries, namely USA, China, Japan, Germany, India,
UK, France, Italy, Brazil, Canada, Russia, South Korea, Spain,
Australia, Mexico, Indonesia, Netherlands, KSA, Turkey, and
Switzerland. GGR, GTN, ENT, and EMS data are obtained from
the website OECD, while GDP and ENC data are collected from
the website of World Bank Indicator (WDI). Table 1 provides
the variables, measure, and source. In addition, the descriptive
statistics are reported in Table 2.

Estimation Methods
Slope Homogeneity Test

Swamy (70) developed the framework to find if slope coefficients
of the cointegration equation are homogeneous. Pesaran and
Yamagata (71) improved Swamy’s slope homogeneity test and
formed two “delta” test statistics; 1̃ and 1̃adj.

1̃ =
√
N

(

N−1S−k
√
2k

)

∼X2
k

1̃adj =
√
N

(

N−1S−k

v (T,k)

)

∼N (0,1)

Where, N denotes number of cross-section unit; S denotes
the Swamy test statistic; k denotes independent variables. If p
value of the test is larger than 5%, then the null hypothesis
is accepted at a 5% significance level and the cointegrating
coefficients are considered homogenous. 1̃ and 1̃adj are suitable

for large and small samples, respectively, where 1̃adj is “mean-

variance bias adjusted” version of 1̃. Therefore, standard delta
test (1̃) requires error not to be autocorrelated. By relaxing
the assumptions of homoscedasticity and serial independence
of (71, 72), developed a Heteroscedasticity and Autocorrelation
Consistent (HAC) robust version of slope homogeneity test;
1HAC and (1HAC )adj:

1HAC =
√
N

(

N−1SHAC−k
√
2k

)

∼X2
k

(1HAC)adj =
√
N

(

N−1SHAC−k

v (T,k)

)

∼N (0,1)
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TABLE 3 | Tests for cross-sectional dependence in residuals.

Test Statistic Value

CD2015
NT

√

2
N(N−1)

∑N−1
i=1

∑N
j=i+1

1√
T

∑T
t=1 ξitξj 6.194a

CDBKP

√

TN(N−1)

2 ρ̂N 20.563a

a represents statistical significance at 1%.

Authors’ estimates.

TABLE 4 | Tests for cross-sectional dependence in variables.

Value for:

Test Statistic GGRi,t GDPi,t ENCi,t ENTi,t GTNi,t EMSi,t

CDBKP

√

TN(N−1)

2 ρ̂N 19.300a 50.909a 1.024 2.800a 17.094a −1.241

a represents statistical significance at 1%.

Authors’ estimates.

The null hypothesis of slope homogeneity can be rejected in
all cases because the probability values are smaller than 0.05
in all of the cases. The slope coefficients are not homogeneous.
Heterogeneity exists across sample countries; we should employ
heterogeneous panel techniques.

Cross-Sectional Dependence Tests

In order to detect the cross-dependency among the selected
variables, the outcomes from cross-dependence (CD) test are
reported in Table 3. Chudik and Pesaran (73) and Bailey,
Kapetanios, and Pesaran (74) along with Bailey, Kapetanios,
and Pesaran (75) versions of (76) CD tests are estimated to
scrutinize the presence of cross-sectional dependence in residuals
of estimable model. Both of the tests are statistically significant at
1%, supporting the assumption of cross-sectional dependence in
the residuals of estimable model.

Tests for Cross-Sectional Dependence in Residuals

CD2015
NT

√

2
N(N−1)

∑N−1
i=1

∑N
j=i+1

1√
T

∑T
t=1 ξitξj

CDBKP

√

TN(N−1)

2 ρ̂N

Tests for Cross-Sectional Dependence in the Variables.

CDBKP =
√

TN (N − 1)

2
ρ̂N

Based on Bailey, Kapetanios, and Pesaran (74) and Bailey,
Kapetanios, and Pesaran (75), Table 4 delves deeper by
estimating the cross-sectional dependence statistic for relevant
variables

(

GGRi,t ,GDPi,t ,ENCi,t ,ENTi,t ,GTNi,t & EMSi,t
)

. Most
of the variables show statistically significant at 1%, showing
cross-sectional dependence in the variables of estimable model.

Second Generation Unit Root Test

To test for stationarity, in the presence of cross-sectional
dependence, we use second generation unit root tests. The

cross-sectional dependence has a strong presence in residuals
(and in variables) as shown in Table 5. It calls for checking
stationarity using second generation of unit root tests since first
generation of unit root tests (77, 78) do not account for cross-
sectional dependence in testing for stationarity. Considering the
evident cross-sectional dependence, we use second generation
unit root tests proposed by Pesaran to shed light on the
findings. Mathematically:

1yi,t = ai + biyi,t−1 + ciyt−1 + diyt + εi,t

Where ai is a deterministic term, yt is the cross-sectional mean at
time t, and ρ is the lag order. ti(N,T) denotes the corresponding t
ratio of αi and is known as cross-sectional Augmented Dickey
Fuller (ADF) [CADF, attributed to Pesaran (79)]. The average
of the t ratios gives the cross-sectional IPS (IPS) [cross sectional
augmented IPS (CIPS), attributed to (80)]. In Table 6, these tests
are estimated with a constant term at level and first difference.
Mutual consensus, of both CADF and CIPS tests, reveals that all
variables are stationary at first difference i.e. I(1).

Augmented Autoregressive Distributed Lag

After checking the stationarity of the variables, we apply the CS-
ARDL model. Attributed to (73), CS-ARDL is used to study the
long-run and short-run relationship among GGT, GDP, ENC,
ENT, GTN, and EMS. The equation is given as:

Di,t =
pD
∑

I=0

ϑI,iDi,t−I +
pX
∑

I=0

δI,iXi,t−I + ǫi,t

To solve the issue of cross-sectional dependency and slope
heterogeneity, the extended version of the last equation is
given as:

Di,t =
pD
∑

I=0

ϑI,iWi,t−I +
pX
∑

I=0

δI,iXi,t−I +
pZ
∑

I=0

σ
′
i IZt−I + ǫi,t

In the last equation, Zt−I =
(

Di,tI ,Xi,tI

)

provides the
averages, similarly lags are shown through pD, pX , pZ : Dit is
dependent variable (here GGT), followed by Xi,t for all the
independent variables (here GDP, ENC, ENT, GTN, and EMS. Z
is dummy for time period. The long-run coefficients are generally
represented as:

θ̂CS−ARDL,i =
∑pX

I=0 δ̂I,i

1−
∑pD

I=0 ϑ̂I,i

Whereas, the following equation shows the mean
group coefficients:

θ̂MG =
1

N

N
∑

i=1

θ̂i
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TABLE 5 | Second generation unit root tests for individual variables.

Cross–Sectional ADF (CADF) test

GGRi,t 1GRDi,t GDPi,t 1GDPi,t ENCi,t ENCi,t ENT i,t ENT i,t GTNi,t GTNi,t EMSi,t EMSi,t

−1.76 −3.22a −0.98 −2.75a −1.28 −4.74a −1.80 −3.92c −1.32 −3.60a −1.99 −4.78a

Cross–Sectional IPS (CIPS) test

GGRi,t 1GRDi,t GDPi,t 1GDPi,t ENCi,t ENCi,t ENT i,t ENT i,t GTNi,t GTNi,t EMSi,t EMSi,t

−1.15 −2.07c −1.25 −2.07c −1.08 −2.99a −1.78 −2.43a −0.89 −2.28a −1.27 −3.42a

GRDi,t is I(1) GDPi,t is I (1) ENCi,t is I (1) ENT i,t is I (1) PTNi,t is I (1) EMSi,t is I (1)

By definition: CIPS =
∑N

i=1 ti (N,T )
N =

∑N
i=1 CADFi

N .
a and c represent statistical significance at 1% and 10%, respectively.

Authors’ estimates.

TABLE 6 | Slope homogeneity tests.

Statistic Value

(71)

1̃
√
N
(

N−1S−k√
2k

)

∼ X2
k 5.873a

1̃adj

√
N
(

N−1S−k
v(T ,k)

)

∼ N (0, 1) 7.019a

(72)

1HAC

√
N

(

N−1SHAC−k2√
2k2

)

5.723a

(1HAC)adj
√
N
(

N−1SHAC−k2
v(T ,k)

)

∼ N (0, 1) 6.841a

a represents statistical significance at 1%.

1̃ and 1̃adj represent the “simple” and “mean variance bias adjusted” slope homogeneity

tests, respectively.

1HAC and (1HAC)adj represent the “Heteroscedasticity and Autocorrelation

Consistent” versions of “simple” and “mean variance bias adjusted” slope homogeneity

tests, respectively.

Similarly, the short-run coefficients are expressed with the
following four equations:

1Di,t = ϑi

[

Di,t−1 − θiXi,t

]

−
pD−1
∑

I=1

ϑI,i,1IWi,t−I

+
pX
∑

I=0

δI,i1IXi,t +
pZ
∑

I=0

σ
′
i IZt + εi,t

α̂i = −

(

1−
pD
∑

I=1

ϑ̂I,i

)

θ̂i =
∑pX

I=0 δ̂I,i

α̂i

θ̂MG =
N
∑

i=1

θ̂i

EMPIRICAL ANALYSIS AND DISCUSSION

Descriptive Statistics
Table 2 reports the descriptive statistics on the selected variables.
The results reveal that mean value and SD value of green

growth (GGR) are 0.926 and 1.326 respectively, indicating
narrow variation in observations from mean. The mean value
of emissions (EMS), while SD value is 1.336, which means that
observations vary within a narrow range over a period of time
across the high-GDP countries. Most of the SD values are found
lower, indicating that observation varies from the mean within a
small range. The results also suggest that there is little variation
in the energy consumption (EC) in the sample countries.

Table 3 provides the estimate of CD in residuals, the outcomes
suggest that the existence of cross-dependence issue is validated.
Furthermore, in order to check the consistent outcomes, we
detect the CD issues in each variable for the sample countries.
Table 4 reports the summary of the CD test, which indicates
that selected variables have CD issues. Moreover, absolute value
ranging from −1.241 to 50.909 confirm the CD. This suggests
that high-GDP countries are dependent to each other concerning
green growth, green technological, and environmental factors
within the time period. Besides, the variables of high-GDP
countries can influence the other countries by any shock with
regards to CD issues. The outcomes are reported in Table 6,
which unveils that heterogeneity exists in their slope coefficients.
Moreover, high-GDP countries panel contains varying rates of
growth level. Additionally, Table 5 provides the outcomes of
CIPS and CADF unit root test. Some variables, e.g., GGR, GDP,
EC, EMS, and GTN, indicate the nonstationarity at the level,
while most of the variables show complete at first difference for
CADF. However, the outcomes fromCIPS show that variables are
statistically significant at first difference.

Estimating the Long-Run and Short-Run
Relationship
After the evaluation of cross-dependence among the variables,
we estimate the long-run and short-run relationship between
green growth and its influencers by using CS-ARDL approach.
Therefore, Table 7 reports the outcomes of CS-ARDL estimation.
The results reveal that GDP, energy consumption, ENTs, patents,
and emissions have statistically significant relationship with
green growth. The positive values in the short and long run (CS-
ARDL) of coefficient of GDP and patents show that the increase
in these variables helps green growth in sample countries. i.e.,
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TABLE 7 | CS–ARDL estimations.

Dependent variable: GGRi,t

Long run Short run

Variable Slope

coefficient

Standard

errors

Variable Slope

coefficient

Standard

errors

GDPi,t 0.424a 0.125 1GDPi,t 0.338a 0.152

ENCi,t −0.642c 0.344 1ENCi,t −1.571c 0.877

ENTi,t −1.611b 0.625 1ENTi,t −0.542b 0.286

GTNi,t 0.138b 0.054 1GTNi,t 1.316b 0.602

EMSi,t −0.043b 0.018 1EMSi,t −1.134b 0.565

– – – ECT (−1) −0.079a 0.027

a, b, and c show statistical significance at 1, 5, and 10%, respectively.

Authors’ estimations.

∂GGRi,t
∂GDPi,t

> 0 and
∂GGRi,t
∂PTNi,t

> 0. On the other hand, negative

values in the short and long run (CS-ARDL) of coefficients of
energy consumption, ENTs, and emissions suggest that if there
is increase in these variables there will be decrease in green

growth in sample countries. i.e.,
∂GGRi,t
∂ENCi,t

< 0,
∂GGRi,t
∂ENTi,t

< 0 and
∂GGRTi,t
∂EMSi,t

< 0. More analytically, a 1% increase in GDP upsurges

GGR to around 42.4% and 33.8% in the long run and short
run, respectively.

The reason is that high-GDP countries spend larger amount
on economic activities, particularly sustainable development,
which aimed to protect the environment by diminishing the
undesirable outputs. Consequently, green growth is improved in
progressive inclination. This finding can be a supportive evidence
for the findings of Fernandes et al. (27), Savin et al. (81), and Hao
et al. (25). Concerning the effect of energy consumption (EC), the
coefficient magnitude indicates that a 64.2% decrease in GGRT
is due to energy consumption in the long run. Moreover, in the
short-run, a 175.1% decrease in green growth is due to EC. It is
worthmentioning that energy consumption from fossil fuel (coal,
oil, and gas) has an adverse effect on green growth, excluding
electricity or hybrid and biomass (82, 83).

Besides, the progressive effect of green patents on green
growth is shown in current analysis for the OECD countries. It
implies that a 13.8% increase in green growth is due to a 1%
change in GTN in the long run. On the contrary, the short-run
outcomes show that a 1% change in GTN upsurges 131.6% green
growth. Former studies, e.g., Fernandes et al. (27), Urbaniec et al.
(84), and Wang et al. (1, 2), also confirm our findings over
positive association between green patents and green growth.
Therefore, the results demonstrate that green patents may affect
in distinctive perspective: for instance, reduce the harmful effects
on environment, expansion in agro-industrial output, preserve
the natural resources, and augment the capital accumulation in
high-income countries. The reasons behind those high-income
countries are enriched wide-ranging economic activities, which
cause the deterioration of nature-based assets and release the
greenhouse emissions. Simultaneously, these countries have the
potential to utilize the resources to preserve the natural resources,
increase green growth, and protect the environment (31).

In addition, emissions have negative impact on green growth.
It implies that a 4.3% decrease in green growth is due to a
1% change in emissions in the long run. On the contrary,
the short-run outcomes also validate that there is a negative
correlation between GGR and EMS. In contrast, Hao et al.
(25) argue that an increase in green growth reduces the
emissions in the environment, because EAMFP (e.g., green
growth) drastically preserve the natural resources and impede
the greenhouse emissions. Thus, our findings contradict that
emissions reduce the green growth (e.g., EAMFP) through
agriculture and industrial framework. Besides, the results for
ECM(−1) show that around 7.9% disequilibrium is corrected
every year.

Considering the nonlinear effect of GDP, the coefficient of
GDP2 has a negative impact on green growth in the sample

countries, e.g.,
∂GGRi,t
∂GDP2i,t

< 0, as shown in Table 8. It is an

indication of u-shaped relationship between GGT and GDP.
More analytically, an increase in GDP upsurges the green growth
(e.g., EAMFP) at initial level. It means that countries require
enormous nature-based assets for economic activities. Under
such circumstance, green growth has a tendency to increase
through nature-based resource augmentation. However, after
reaching a specific level, green growth began to decline with a
rise in GDP due to higher aggregate demand, which shortens the
supply of nature-based assets. The results demonstrate that a 1%
increase in GDP2 reduces 22.1% green growth in the long run.
On the contrary, the short-run results also validate that a 33%
decrease in green growth is due to a 1% change GDP2.

Concerning over the joint effect of energy consumption and
emissions (EC∗EMS), the coefficient magnitude of EC∗EMS is
negative and statistically significant in the sample countries e.g.,

∂GGRi,t
∂EC∗EMSi,t

< 0. It implies that a 26.1% decrease in green growth

is due to a 1% change in interaction term of energy consumption
and emissions in the long run. The short-run results also confirm
that a 1 % change in interaction term of EC∗EMS reduces the
63.3% green growth. Thus, there is a negative correlation among
the interaction of EC, EMS, and GGR.

Robustness Check Using CCEMG and
AMG Estimators
To check the robustness of the results obtained by CS-ARDL,
we deploy two additional techniques that cater cross-sectional
dependence. Pesaran (85) forwarded CommonCorrelated Effects
Mean Group (CCEMG) model with estimator βj

(

= β + ωj

)

,
which implies a common parameter β across the countries
while ωj ∼ IID(0,Vω). CCEMG has the tendency to
asymptotically eliminate CD. Moreover, it allows heterogeneous
slope coefficients across group members, which are captured
simply by taking the average of each country’s coefficient.

Attributed to (86), augmented mean group (AMG) is a
surrogate to CCEMG, which also captures the unobserved
common effect in the model. Moreover, AMG estimator also
measures the group-specific estimator and takes a simple average
across the panel. The highlight of Augmented Mean Group
(AMG) is that it follows first difference Ordinary Least Squares
(OLS) for pooled data and is augmented with year dummies.
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TABLE 8 | CS–ARDL estimations.

Dependent variable: GGRi,t

Long run Short run

Variable Linear Non–Linear Interaction Linear Non–Linear Interaction

GDPi,t 0.424a (0.125) 0.471a (0.131) 0.527b (0.260) 1GDPi,t 0.338a (0.152) 0.347b (0.134) 0.107a (0.035)

GDP2
i,t – −0.221c (0.130) – 1GDP2

i,t – −0.330c (0.192) –

ENCi,t −0.642c (0.344) −0.531b (0.231) −0.443c (0.252) 1ENCi,t −1.571c (0.877) −0.104a (0.032) −0.267c (0.140)

ENTi,t −1.611b (0.625) −0.169b (0.077) −0.429a (0.138) 1ENT i,t −0.542b (0.286) −0.648b (0.295) −0.345b (0.134)

GTNi,t 0.138b (0.054) 0.478a (0.144) 0.658b (0.310) 1GTNi,t 1.316b (0.602) 0.655c (0.352) 0.453b (0.181)

EMSi,t −0.043b (0.018) −0.191b (0.089) −0.966c (0.499) 1EMSi,t −1.134b (0.565) −1.160c (0.606) −2.624a (0.558)




ENCi,t

×EMSi,t



 – – −0.261c (0.134) 1





ENCi,t

×EMSi,t



 – – −0.633b (0.286)

– – – – ECT (−1) −0.079a (0.027) −0.1907b (0.089) −0.253a (0.060)

a, b, and c show statistical significance at 1%, 5% and 10%, respectively.

Values in parenthesis are standard errors.

Authors’ estimations.

The estimable model can be written as follows:

GGRit = αi+cit+diµ̂
υa1
t +βi,1

(

GDPi,t

)

+βi,2

(

ECi,t

)

+βi,3

(

ETi,t

)

+βi,4

(

GTN i,t

)

+βi,5

(

EMSi,t
)

+εi,t

where, i stands for cross-sectional dimension i= 1,. . .,n and
time period t= 1,. . .,t and αi represents country specific effects
and dit denotes heterogeneous country specific deterministic
trends. αi is related with the coefficient of respective independent
variables βi1 = αi1

1−αi1
, βi2 = αi2

1−αi2
, and βi2 = αi2

1−αi2
that are considered as heterogeneous across the countries. It is
also assumed that the short run dynamics and their adjustment
toward long run take place via error term ui,t(= Ŵ́ift + εi,t). ft
characterizes the vector of unobserved common shocks. ft can be
either stationary or nonstationary, which does not influence the
validity of the estimation (87). AMG estimation finds an explicit
estimate for ft , which renders µ̂υa

t (common dynamic process)
economic meaningfulness. Total factor productivity (TFP) is one
of the plausible interpretations of µ̂υa

t . Its coefficient di represents
the implicit factor loading on common TFP. In addition, the
cross-sectional specific errors εi,t are permissible to be serially
correlated over time and weakly dependent across the countries
(88). However, the regressors and unobserved common factor
have to be identically distributed.

Table 9 reports estimate, yield positive relationship between
GGR and GDP. According to CCEMG estimates, positive and
significant relationship exists between GGR and GDP, i.e.
(

βCCE
GDP

)

1%
= 0.275. Similarly, using AMG estimation technique,

GGR and GDP show a positive relationship, i.e.
(

βAMG
GDP

)

1%
=

0.564. Moreover, the slope parameters for energy consumption
are negative for the two estimation techniques, i.e.

(

βCCE
ENC

)

10%
=

−0.675 and
(

βAMG
ENC

)

10%
= −1.138, respectively. In addition,

the slope parameters for ENTs are
(

βCCE
ENT

)

5%
= −0.226

and
(

βAMG
ENT

)

5%
= −0.033, respectively. Relationship of green

technology with green growth is evident through their slope
parameters, i.e.

(

βCCE
GTN

)

5%
= 0.334 and

(

βAMG
GTN

)

5%
= 0.044,

respectively. Furthermore, the slope parameters for emissions are

TABLE 9 | CCEMG and AMG estimations.

Dependent variable: GGRi,t

CCEMG AMG

Variable Slope

coefficient

Standard

errors

Slope

coefficient

Standard

errors

GDPi,t 0.275a 0.133 0.569a 0.054

ENCi,t −0.675c 0.278 −1.138c 0.479

ENTi,t −0.226b 0.124 −0.033b 0.020

GTNi,t 0.334b 0.173 0.044b 0.015

EMSi,t −1.541b 0.241 −1.311b 0.656

CDP – – 0.859a 0.196

Country Trend −0.012 0.037 −0.005 0.005

Constant 0.4498 0.396 0.938a 0.228

a, b, and c show statistical significance at 1, 5, and 10%, respectively.

Author’s estimations.

(

βCCE
EMS

)

5%
= −1.541 and

(

βAMG
EMS

)

5%
= −1.311, respectively.

The model has withstood the robustness check, as the additional
estimations are done using CCEMG and AMG techniques. These
results are in lines with that of CS-ARDL estimates. Signs
are unchanged, both in CCEMG and AMG, while statistical
significance is between 1% and 10%. The Common Dynamic
Process (CDP) is also significant at 1%, µ̂υa

t = 0.859. It essentially
means that the role of some unobserved variables such as regional
and international agreements, common policies toward other
countries, and technological diffusion across countries also have
a positive effect on green growth.

What Causes What?
Panel Granger Causality Test

Since green growth relationship is empirically established, it is
important to know the cause-effect role in this relationship.
Following statistical tools shall help us in furnishing it. Work of
(89) laid the foundation of causality test that uses the bivariate
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TABLE 10 | Panel granger causality test results.

Causality F-Stat p-value Remarks

GDPi,t→GGRi,t 8.119 0.000 Bi–causal Relationship between Green

Growth and Gross Domesetic Product.GGRi,t→GDPi,t 5.852 0.003

EMSi,t→GGRi,t 4.321 0.002 Bi–causal Relationship between Green

Growth and EmissionsGGRi,t→EMSi,t 3.212 0.000

ECi,t→GGRi,t 3.654 0.006 Bi–causal Relationship between Green

Growth and Energy ConsumptionGGRi,t→ECi,t 2.544 0.000

GTNi,t→GGRi,t 2.344 0.154 Ui–causal Relationship between Green

Growth and Green TechnologyGGRi,t→GTNi,t 4.543 0.000

Authors’ estimates.

regressions in a panel data context:

yi,t = α0,i + α1,i yi,t−1 + . . . + αp,i yi,t−p + β1,i xi,t−1 + . . .

+βp,i xi,t−p + ǫi,t

xj,t = α0,j + α1,j xj,t−1 + . . . + αp,j yj,t−p + β1,j yj,t−1 + . . .

+βp,j yj,t−p + εj,t

Depending on the assumptions about homogeneity of the
coefficients across cross-sections, there are two forms of panel
causality test. First and conventional type treats the panel data
as one large stacked set of data and performs the causality test
in the standard way, that assumes all coefficients same across
all cross-sections.

α0,i = α0,j, α1,i = α1,j, . . . ,αp,i = αp,i, ∀i,j
β1,i = β1,j, . . . ,βp,i = βp,i, ∀i,j

Results of panel Granger causality are shown in Table 10.
Bi-causality between GDP

(

GDPi,t
)

, EMS
(

EMSi,t
)

, EC
(

ECi,t

)

,
and Green Growth

(

GGRi,t
)

are evident from results in Table 10

as both statistics are statistically significant at 1%. Any policy
shock in GGRmay affect GDP.More precisely, green growthmay
affect the GDP though policies implications by the governmental
bodies. It means that policies over EAMFP can made drastic
changes in GDP. Comparably, bi-causality between EMS and
GGR is also evident that any policy shock in emissions may
directly affect the green growth. In addition, bi-causality between
energy consumption

(

ECi,t

)

and green growth
(

GGRi,t
)

also
shows that any policy in energy consumptionmay affect the green
growth. The reason behind that green growth is also influenced
by the energy consumption (fossil fuels-coal, oil, and gas), which
was discovered from nature-based assets.

Rationale for Dumitrescu-Hurlin Causality

This article, primarily, uses the conventional type of Granger
causality. However, one of the main issues specific to panel
data models refers to the specification of the heterogeneity
between cross-sections. To consider the heterogeneity across
cross-sections, Dumitrescu-Hurlin (90) made an assumption of
allowing all coefficients to be different across cross-sections. In
this causality context, the heterogeneity can be between the
heterogeneity of the regression model and/or in terms of causal
relationship from GDP, EC, EMS to GGR. Indeed, the model

TABLE 11 | Dumitrescu–Hurlin causality test results.

Causality WHNC
N,T Z̃HNC

N p–value Remarks

GDPi,t → GGRi,t 1.977 2.066 0.039 Homogeneous Bi–causal Relationship

between Green Growth and Gross

Domesetic Product.GGRi,t → GDPi,t 2.291 2.842 0.005

EMSi,t → GGRi,t 1.321 1.983 0.000 Homogeneous Bi–causal Relationship

between Green Growth and EmissionsGGRi,t → EMSi,t 1.432 1.735 0.002

ECi,t → GGRi,t 2.432 1.876 0.032 Homogeneous Bi–causal Relationship

between Green Growth and Energy

ConsumptionGGRi,t → ECi,t 1.987 1.343 0.043

GTNi,t → GGRi,t 2.134 1.039 0.136 Homogeneous Ui–causal Relationship

between Green Growth and Green

TechnologyGGRi,t → GTNi,t 1.432 1.234 0.001

considered may be different from an individual to another,
whereas there is a causal relationship from GDP, EC, EMS to
GGR for all individuals.

Table 11 shows statistical significance of Z̃HNC
N test statistic,

which shows that null hypothesis can be rejected, that is, GDPi,t ,
EMSi,t , and ECi,t do not homogeneously cause GGRi,t . Same
holds for the null hypothesis that GGRi,t do not homogeneously
cause GDPi,t , EMSi,t , and ECi,t . Therefore, it can be inferred
that a bi-causal relationship exists between GDP and GGR. This
specialized form of causality provides the insights into the causal
relationship without contradicting the primary result of bi-causal
Granger causality in Table 10. “Homogenous causality” can be
attributed to “universal concern” for sustainable development
and hence green economy.

CONCLUSIONS

This study investigates the effects of green technology and
environmental factors on green growth for high-GDP countries.
For this purpose, we choose twenty high-GDP countries as a
sample size period from 2000 to 2020. Second-generation models
such as (71, 76) are used to test the cross-dependence and slope
heterogeneity, respectively. In addition, this study employed the
unit roots test (CIPS and CADF) of (80). The outcomes suggest
that the model has CD and slope heterogeneity issues. Moreover,
the findings from CS-ARDL test reveal that GDP upsurges
green growth in the long run and short run for high-GDP
countries. In contrast, the square of GDP deteriorates the green
growth, because of excess use of natural resources. The estimated
coefficient of energy consumption reveals that green growth
is substantially declined by the use of energy consumption,
particularly fossil fuel (oil, coal, and gas). Besides, emissions have
negative impact on green growth in the sample countries.

More interestingly, ENTs have also negative impact on green
growth. The reason may behind that imposition of aggressive
taxes on environmental institutions failed to increase the green
growth. The findings also suggest that the green technology has
positive impact on green growth in the long run and short run.
The joint effect of energy consumption and emissions reveals that
emissions reduce the green growth through energy consumption,
which comes from fossil fuel. Finally, Dumitrescu and Hurlin
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(D&H) causality outcomes suggest that any policy to target
gross domestic product (GDP), energy consumption (EC), and
emissions (EMS) significantly changes growth (GGR) and vice
versa. On the contrary, any policy related to green technology
significantly affects the GGT, while policy change in GGT does
not affect the GTN.

POLICY IMPLICATIONS

Based on empirical findings, this study recommends some policy
implications: (1) the findings highlight that continuous economic
growth in high-GPD countries is not favorable to green growth.
However, it is noteworthy that linear effect of economic growth
is positive. The policymakers should consider the economic
planning concern over green growth. (2) High-GDP countries
should adopt alternative strategies of energy consumption such
as fossil fuels (oil, coal, and gas). More precisely, countries must
reduce the consumption level of energy in order to increase
the green growth that may protect ecological environment. (3)
Policymakers should focus on green technology by innovating
the new methods or products related to environmental, which
directly enhance the green growth. (4) High-GDP countries
should manage their economic activities in order to reduce
the emissions that pollute the environment and decrease the
green growth. (5) Countries should avoid the imposition of

aggressive ENTs on environmental institutions. On the contrary,
the progressive ENTs should be imposed on environmental
institutions, because such taxes enhance the green growth.

The scope of this study is limited to high-GDP countries and
only a few variables are considered in the model. This study
emphasizes on energy consumption that comes from fossil fuel
such as oil, coal, and gas. Likewise, it also considers the patent
related to environment. Furthermore, total emissions from all
sector of the economy are included. Lastly, ENTs are considered
to be analyzed. Thus, future studies can be extending the
model by including economic complexity, green financing, and
industrialization. Besides, the study can be assessed by covering
the geographical areas such as BRICS, OECD, EU, and OBOR.
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Air pollution has emerged as a major global concern in recent decades as a result of

rapid urbanization and industrialization, leading to a variety of adverse health outcomes.

This research aims to investigate the influence of exposure to ambient and household

particulate matter pollution (PM2.5), and ground-level ozone (O3) pollution on respiratory

and cardiac mortality in Pakistan. We used grey incidence analysis (GIA) methodology

to estimate the degree of proximity among selected variables and rank them based on

mortality. Hurwicz’s criterion is then adopted for further optimization by prioritizing the

selected factors with the greatest influence on respiratory and cardiac mortality. The

GIA findings revealed that asthma mortality is considerably impacted by exposure to

ambient and household PM2.5 concentration while ischemic heart disease (IHD) mortality

is potentially influenced by ground-level ozone exposure. Furthermore, results based

on Hurwicz’s analysis demonstrated that exposure to ambient PM2.5 concentration

appeared as the most intensified factor of respiratory and cardiac mortality. This

corroboration adds to the growing body of research demonstrating that exposure to

ambient PM2.5 adversely leads to respiratory and cardiac risks, emphasizing the demand

for further improvement of air quality in Pakistan. Besides, the suggested methodologies

provide a valuable tool and additional practical knowledge for policymakers and

decision-makers in drawing rational decisions.

Keywords: environmental pollution, public health, cardiac mortality, respiratory mortality, particulate matter,

ground-level ozone, MCDA

INTRODUCTION

Pakistan as a developing nation had the fifth-most polluted air in world in 2016, and positioned
second in 2019 (1), owing to the same factors that plague much of South Asia: emanations
from automobiles, industrial activities, such as block furnaces, industries, and power stations, and
agricultural waste. This degree of air pollution is sabotaging well-being of Pakistanis, lowering
down the median life expectancy by 2.7 years, comparative with what it would be if the WHO
recommendation of 10 µg/m3 for long-term fine particulate matter (PM2.5) pollution was reached;
and 2.2 years compared with the country’s air quality benchmark of 15 µg/m3 (2). In 2016, 98% of
population of Pakistan (nearly 200 million) resided in regions where yearly average PM2.5 pollution
levels surpassed guidelines of the WHO. About 97% of the population inhabited regions where
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PM2.5 levels were higher than the threshold of country. PM2.5

concentrations have surged by 54% since 1998, leading to these
high levels (3, 4).

The pathophysiologic effects of PM2.5 and O3 exposures in
pulmonary systems have been widely studied, and it is evident
that these particles can trigger and aggravate lungs infection
in humans (5, 6). As the pulmonary and cardiac systems are
complicatedly interconnected, it is conceivable that pulmonary
oxidant stress characterized by PM2.5 and/or O3 exposure
may cause downstream changes in the cardiovascular system.
It is well-evidenced that particular environmental pollutants
presented through the lungs can trigger and/or stimulate the
development of cardiovascular disease (CVD) (7). However,
many epidemiologic investigations have confirmed a strong
link between PM2.5 and O3 and an increased risk of cardiac
morbidity and mortality. In Pakistan, evidence comes from case
studies revealing substantial variations in the outcomes, however,
full-text original research articles are not more than a modest
bunch (8–10).

Given its significance, a wealth of research and analytic
methodologies are utilized to explore the relationship between
disease mortality and exposure to air pollutants across the
world. In the Pakistani setting, there is a paucity of evidence
relating to air pollutant exposure and the risk of mortality
from chronic respiratory disease (CRD) and CVD. The lack of
evidence has made it very difficult to assess the real situation
in the Pakistani population. In response, the present study
attempts to bridge the existing literature gaps by exploring the tie
between exposure to ambient PM2.5 concentration, ground-level
ozone (O3) exposure, household PM2.5 concentration exposure,
and mortality from asthma, chronic obstructive pulmonary
disease (COPD), stroke, and ischemic heart disease (IHD) in
the Pakistani nation. However, by addressing exposure to PM2.5

(ambient and household) concentration and ground-level ozone
with a wide range of disease mortality, we may provide a
more dynamic spectrum of the interactions. To explore this
association, we deployed a mathematical grey incidence analysis
(GIA) modeling of grey system theory (GST) which comprised
of Deng degree of GIA (DD-GIA), absolute degree of GIA (AD-
GIA), and the second synthetic degree of GIA (SSD-GIA). The
GIA models provide many advantages when contrasted with
standard statistical models. For instance, they exhibit greater
precision and may yield reliable outcomes with small sample
size. Second, traditional statistical approaches, such as logistic
regression, are inefficient for depicting the relations between
variables in the biomedical domain, because of its dependency
restrictions (11, 12). The GIA models may overcome this
shortcoming as they are devoid of such assumptions. In addition,
this study used Hurwicz’s criterion to conduct a comparative
analysis of all the selected factors and mortality (CRD and
CVD) to ascertain which air pollutant is contributing more to
mortality. The proposed methodologies are more appropriate
when contrasted with other techniques for convincing outcomes
and assist with avoiding endogeneity issues. The suggested model
provides a valuable tool and additional practical knowledge for
policymakers and decision-makers in drawing rational decisions
to reduce air pollution and mortality in the Pakistani region.

FIGURE 1 | The visual abstract.

More importantly, this investigation may facilitate researchers
with multiple criteria decision-making roadmap to help them
enhance the quality of their studies and their understanding
of how to use multiple criteria decision analysis (MCDA)
techniques to evaluate and prioritize the influencing factors
of disease mortality in environmental healthcare research. The
visual abstract of the study is presented in Figure 1.

MATERIALS AND METHODS

Data Source
For the period 2010–2019, information on the mortality (asthma,
COPD, stroke, and IHD) were extracted from the Global
Burden of Disease (GBD) study, harmonized by the Institute
for Health Metrics and Evaluation (IHME), and is publicly
accessible online (13). In addition, population-weighted exposure
to ambient PM2.5 concentration (µg/m3), ground-level ozone
(O3 in ppb) exposure, and household PM2.5 concentration
exposure (µg/m3) abstracted from the State of Global Air
report (2010–2019) (14). These parameters are estimated as the
average exposure levels of population of country (urban and
rural regions) to mean annual concentrations of PM2.5 and
O3, separately. To evaluate PM2.5 exposures, the GBD scientist
combines the number of people living in a specific region
and the PM2.5 concentrations to which they are exposed. To
evaluate ozone exposures, they combined the number of people
living in a specific region and the surface ozone concentration
to which they are exposed. This method determines human
exposure to air pollutants in terms of the population-weighted
average seasonal 8-h daily maximum concentrations for a
specific region.
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Grey Incidence Decision Analyses
The data are analyzed by employing GIA methods (DD-GIA,
AD-GIA, and SSD-GIA) (15, 16). These models are designed
using SPSS (v26, IBM, NY, USA). Additionally, Hurwicz’s
methodology is employed to hierarchize the risk factors (air
pollutants) that have a greater impact on CRD and CVD-related
mortality within the Pakistani nation. The present analyses and
modeling methods are deployed for the first time in the study
to quantify the strength of influence and degree of correlation
between selected factors and mortality (asthma, COPD, stroke,
and IHD) in a multi-dimensional way. Deng’s GIA model
was employed to measure the partial closeness (a measure of
influence) of the selected variables (ambient and household
PM2.5 concentration exposure, ground-level ozone exposure,
mortality from CVDs, and CRDs), whereas the bidirectional
absolute GIA model was used to evaluate the integral closeness
(degree of correlation) of the selected variables. The second
synthetic GIAmodel was performed to obtain an overall estimate
(weight) of inclusive proximity by accompanying the methods
outlined in. The algorithms involved with the grey methods are
explained in the following section.

Deng’s GIA Model
Let Yi =

(

yi(1), yi(2), · · · , yi(m)

)

be the basic/reference
sequence addressing a dependent variable and Yj =
(

yj(1), yj(2), · · · , yj(m)

)

be the arrangement of comparative
sequences addressing independent variables, in the wake of
going through initialing operator then, at that point grey
relational gradient (GRG), the real number degree addressing
the output of GIA model is depicted as γij or γ

(

Yi , Yj

)

and can
be accompanied by:

γ
(

Yi , Yj

)

=
1

m

m
∑

h=1

γ

(

yi(h), yj(h)

)

(1)

Where,

γ

(

yi(h), yj(h)

)

=

minkminh

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣
+ ζ maxk maxh

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣
+ ζ maxkmaxh

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣

(2)

Here, ζ ǫ (0, 1) represent as a distinguishing coefficient, and its
value is generally considered to be ζ = 0.5. The implementation
of the Deng’s GIA model for evaluating the effect of one
parameter/variable on the other has been highlighted in the
literature (17, 18).

Bidirectional Absolute GIA Model
If Yi =

(

yi(1), yi(2), · · · , yi(m)

)

and Yj =
(

yj(1), yj(2), · · · , yj(m)

)

are two data sequences representing two variables associated
with a system, then the algorithm to calculate the bidirectional
absolute GRG is listed below.

ǫij =
1+ |ri| +

∣

∣rj
∣

∣

1+ |ri| +
∣

∣rj
∣

∣ +
∣

∣ri − rj
∣

∣

(3)

Where,

ri =
∫ m

1
Y0
i dt, rj =

∫ m

1
Y0
j dt, ri− rj

=
∫ m

1

(

Y0
i − Y0

j

)

dt (4)

Y0
i =

(

y0i(1), y
0
i(1) , · · · , y

0
i(m)

)

(5)

Y0
j =

(

y0j(1), y
0
j(1) , · · · , y

0
j(m)

)

(6)

Y0
i(h) = yi(h) − yi(1) and Y

0
i(h)

= yi(h) − yi(1)

h = 1, 2, · · · ,m (7)

Next, compute the bidirectional absolute GRG (ǫ±), provided
by (19).

ǫ± =
{

+ma x
(

ǫij, ǫij
)

, = ǫij − ǫij > 0

+ min
(

ǫij, ǫij
)

, = ǫij − ǫij < 0
(8)

Here, the –ve sign addresses an inverse grey relation (i.e.,
inversely proportional), while the +ve sign addresses a direct
grey relation, and the magnitude to which either of these signs is
appended indicates the intensities of the grey relation (i.e., degree
of integral closeness/proximity).

Second Synthetic GIA Model
The SS-GIA model is an approach to estimate SS-GRG and can
be acquired by utilizing the accompanying equation.

= ϑ ǫij + (1− ϑ) γijϑ ǫ [0, 1] (9)

where ′ ′ stands for the SS-GIA, ′ǫ′ for the absolute GIA, and
′γ ′ for the Deng’s GIA between the two grey datasets Yi and Yj.
When a decision-maker desires a holistic assessment that evenly
integrates the benefits of both ′ǫ′and ′γ ′ without preferring one
over the other and may keep ϑ at 0.5. In the case of preferring is
fundamental, then, at that point, the value of ′ϑ ′ can be adjusted
(20). If one desire to prefer ′γ ′, then ′ϑ ′ can be diminished, and
assuming one desires to prefer ′ǫ,′ then ′ϑ ′ can be increased. In
the present investigation, we thought of ϑ = 0.5. Furthermore,
in the SS-GIA equation, the absolute GIA was substituted by
the bidirectional absolute GIA (without taking signs). When
the interactions within the frameworks/systems are ambiguous,
it is likewise advised that the absolute GIA can be supplanted
by the bidirectional absolute GIA. Deng’s GIA is established
on grey incidence/correlation/relational coefficients of specific
points, while absolute GIA is based on an integral (generally far-
reaching) perspective, however, the SS-GIA is based on specific
points and integral perspectives and shows overall proximity
(correlation/closeness) (21, 22).

Hurwicz’s Criterion
The issue of multiple objectives often exists in the problems
within systems, increasing the ambiguity of decisions. In this
setting, to minimize errors, it is significant to find techniques that
include the greatest number of criteria in the decision-making
process that direct influence decisions. However, most of the time
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this technique is not easy to execute, because in many cases the
decision-making criteria vary, raising the degree of uncertainty of
the final response. In the literature, there are multiple decision-
making (MCDM) techniques that facilitate researchers to make
decisions and analyze preferred alternatives. These techniques
are regarded for a variety of reasons. Researchers believed
that the procedure allows visibility, consistency, and precision
toward a more reasonable priority setting from a methodological
standpoint. In a broader sense, the MCDA application procedure
is regarded as an efficient and successful in priority settings. In
this regard, the Hurwicz’s criterion is one of the most recognized
techniques in the literature which integrates a measure of both
by giving optimism a specific percentage weight and pessimism
the remainder (23). For each action choice, a weighted average
with an alpha-weight, known as the coefficient of realism, could
be determined. The decision-maker chooses the α subjectively.
Determining a value for α concurrently results in a pessimistic
coefficient of (1–α), which indicates the sensitivity of decision-
makers to risk (23). For each action alternative Bi in B, a
Hurwicz’s weighted average ‘H’ may now be computed as follows:

H (Bi) = α (row maximum) + (1–α) (row minimum)–for a
maximization approach

H (Bi) = α (row minimum) + (1–α) (row maximum)–for a
minimization approach

Hurwicz’s decision rule is used in the following steps.
1. Determine the value of the optimism coefficient α. Take note

that 0≤ α ≤ 1.
2. Calculate the Hurwicz weighted average H for each

action alternative.
Select the action alternative with the highest H as the final

decision (maximum for a maximization problem, and minimum
for a minimization problem).

RESULTS

The present investigation is carried out using grey approaches
to quantify the strength of association between asthma, COPD,
stroke, and IHD mortality with associated risk factors (exposure
to ambient PM2.5 concentration, exposure to ground-level ozone,
and exposure to household PM2.5 concentration) for the years
2010–2019. Table 1 demonstrates the outcomes of grey models,
namely, the Deng’s GIA, absolute GIA, and the SS-GIA for
respiratory and cardiac mortality with associated risk factors. The
absolute GIA and the SS-GIA models have values ranging from 0
to 1, whereas, Deng’s GIA has values ranging from 0.5 to 1. It is
also considered highly associated if it is near to 1 and weak if it
diverges from 1. The graphical representation of the comparative
assessment based on GIA can be seen in Figures 2–4.

Ambient PM2.5 exposure is regarded among the most
significant risk factors for CRD and CVD-related comorbidity
and mortality, both of which are serious public health concerns
(24). In the present analyses, as indicated by Deng’s GIA
model findings, a more grounded measure of influence between
ambient PM2.5 exposure and asthma mortality in the Pakistani
populace (0.985: first) is observed whereas, a most fragile level
of influence is seen for COPD (0.870: fourth). The higher

TABLE 1 | Grey incidence assessment between mortality and associated factors.

Mortality D-GRG (γ ) BA-GRG (ǫ±) SS-GRG ( ) Rank

Ambient air pollution exposure (PM2.5)

Asthma 0.985 (0.994) 0.990 1st

COPD 0.870 (0.874) 0.872 4th

Stroke 0.890 (0.895) 0.893 3rd

IHD 0.979 (0.984) 0.982 2nd

Ozone exposure (O3)

Asthma 0.896 (0.903) 0.900 2nd

COPD 0.878 (0.889) 0.884 4th

Stroke 0.875 (0.892) 0.884 3rd

IHD 0.980 (0.992) 0.986 1st

Household air pollution exposure (PM2.5)

Asthma 0.979 (0.997) 0.988 1st

COPD 0.898 (0.901) 0.900 3rd

Stroke 0.889 (0.903) 0.896 4th

IHD 0.949 (0.961) 0.955 2nd

D-GRG (γ), Deng grey relational gradient; BA-GRG (ǫ±), bidirectional absolute grey

relational gradient; SS-GRG (p), second synthetic grey relational gradient; COPD, chronic

obstructive pulmonary disease; IHD, ischemic heart disease. Inverse relationships are

indicated by values enclosed in round parenthesis. SS-GRG is estimated without the use

of signs. Response variable: mortality from asthma, COPD, stroke, and IHD.

FIGURE 2 | Comparative assessment of ambient air pollution exposure based

on grey incidence analysis (GIA).

impact measure of asthma mortality portrays that the factors
are unequivocally interconnected with one another. Then again,
the same succession showed up from the findings of the
bidirectional absolute GIA model. The degree of correlation is
found much higher for mortality from asthma against ambient
PM2.5 exposure with an estimated grey weight of 0.994. At a more
aggregate level, as per SS-GIA findings, exposure to ambient
PM2.5 is distinguished as the major contributor in accelerating
mortality from asthma when compared with COPD, stroke, and
IHD and ranked top. After asthma, IHD appeared to be more
affected from exposure to ambient PM2.5 with an estimated
weight of 0.982 and ranked second, trailed by stroke and COPD
with an estimated degree of 0.893 and 0.872, respectively. When
compared with COPD and CVD mortality, the greater degree of

Frontiers in Public Health | www.frontiersin.org January 2022 | Volume 9 | Article 81274351

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Mumtaz et al. Impact of Environmental Degradation on Human Health

FIGURE 3 | Comparative assessment of ground-level ozone exposure based

on GIA.

FIGURE 4 | Comparative assessment of household air pollution exposure

based on GIA.

correlation between asthma mortality and ambient air pollution
exposure portrays that those variables are significantly associated
with each other (Table 1). These findings are aligned with the
findings by Ilyas et al. (9) and Yamamoto et al. (25).

Exposure to the ground-level ozone potentially exacerbates a
multitude of health complications, particularly respiratory and
cardiovascular illnesses. Ozone levels are expected to rise in
many regions of the world, resulting in an upsurge in ozone-
related deaths and morbidities (26). Considering the impact
of ground-level ozone exposure on mortality from CVD and
CRD in Pakistan, asthma, COPD, stroke, and IHD all sustained
their ranking order across all grey incidence models; however,
the strength of influence and correlation was determined to
be greater for IHD mortality. As per Deng’s GIA estimates,
mortality from IHD (0.980: first) tends to be more strongly
influenced by ground-level ozone exposure when compared with
asthma, COPD, and stroke, though the least fortunate influence
is seen with stroke mortality (0.875: fourth). Nonetheless, as
per bidirectional absolute GIA model findings, mortality from
IHD (0.889: first) gave off an impression of being significantly
associated with exposure to ozone concentration and situated
top among the rest of the disease mortality. In general,

mortality from stroke and COPD was shown to have the least
association from ground-level ozone exposure by acquiring
grey incidence (relational/association) weights of 0.884 (rank:
third) and 0.884 (rank: fourth), respectively. Broadly speaking,
exposure to ozone concentration had all the earmarks of being
a potential risk factor in assessing and anticipating mortality
from IHD in the population of Pakistan when compared with
stroke and CRDs. These findings back-up prior investigations
substantiating the adverse impact of ground-level ozone exposure
in the development and progression of respiratory and cardiac
disorders (27, 28).

Table 1 shows a review of the relationship between household
PM2.5 exposure and mortality from CVD and CRD in the
Pakistani populace using grey incidence models. Given the
weights determined by Deng’s GIA model findings, the highest
influence measure is observed in the case of asthma mortality
(0.979: rank: first) due to household PM2.5 exposure, whereas
the most fragile measure is seen in the case of stroke (0.889:
rank: fourth). The assessment based on bidirectional absolute
GIA outcomes revealed the same sequence of ranking depicting
asthma mortality (0.997: rank: first) is highly significant with
exposure to household PM2.5 concentration. As a general view,
based on the outcomes of the SS-GIA model, mortality from
asthma and IHD is shown to be strongly associated with exposure
to household PM2.5, whereas COPD and stroke are determined
to be less associated. In general, exposure to household PM2.5

is determined to be potentially impacting asthma and IHD
mortality in the Pakistani population with an estimated degree
of association of 0.988 and 0.955, respectively. The scope of
epidemiological investigations is steady with the findings of the
current study depicting a strong association between household
PM2.5 pollution and a variety of respiratory and cardiac disorders
and associated mortality (25, 29, 30). The ranking order based on
grey modeling analysis is as follows.

Exposure to ambient PM2.5 concentration

Asthma > IHD > Stroke > COPD
Exposure to ground-level ozone (O3) pollution

IHD > Asthma > Stroke > COPD
Exposure to household PM2.5 concentration

Asthma > IHD > COPD > Stroke
To distinguish the potential risk factor in raising mortality

from CRD (asthma, COPD) and CVD (stroke, IHD) in the
Pakistani populace, Hurwicz’s criterion was applied. Before
applying it, one needs to create a decision scheme as shown in
Table 2. Let, p = 4, k = 3, and outcome = v

(

Pk,Dp

)

, whereas k
= 1, 2, 3 and p= 1, 2, 3, 4. Let P1, P2, and P3 represent risk factors
of mortality, and D1, D2, D3, and D4 represent mortality from
asthma, COPD, stroke, and IHD, respectively. Table 3 represents
the SS-GIA based matrix between the decision criteria (D1-D4)
and decision actions (P1-P3).

Hurwicz’s Criterion Result
Among the chosen variables (P1-P3), to identify the potential
risk factor of mortality (asthma, COPD, stroke, and IHD),
Hurwicz’s approach is employed. For the present investigation,
we need to minimize the mortality, so the decision of Hurwicz’s
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TABLE 2 | Defining the decision variables/parameters.

Parameters Measuring grey correlation between

mortality (asthma, COPD, stroke, IHD) and

associated risk factors

Disease mortality (Dp); Asthma (D1), COPD (D2), Stroke (D3), IHD (D4)

p = 1,2,3,4

Air pollution exposure (Pk ); Ambient air pollution exposure (P1)

k = 1,2,3 Ozone exposure (P2)

Household air pollution exposure (P3)

TABLE 3 | Grey decision matrix.

D1 D2 D3 D4

P1 0.999 0.872 0.893 0.982

P2 0.900 0.884 0.884 0.986

P3 0.988 0.900 0.896 0.955

TABLE 4 | Hurwicz’s evaluations.

Optimistic approach: by keeping α = 0.3 and thus, 1–α = 0.7

P1 (0.3 × 0.872) + (0.7 × 0.990) 0.9547 min

P2 (0.3 × 0.884) + (0.7 × 0.986) 0.9558

P3 (0.3 × 0.896) + (0.7 × 0.988) 0.9613

Pessimistic approach: by keeping α = 0.7 and thus, 1–α = 0.3

P1 (0.7 × 0.872) + (0.3 × 0.990) 0.9074 min

P2 (0.7 × 0.884) + (0.3 × 0.986) 0.9146

P3 (0.7 × 0.896) + (0.3 × 0.988) 0.9236

criterion would be characterized as follows by keeping alpha-
weight at 0.3 for an optimistic approach, whereas 0.7 for a
pessimistic approach.

minPk{α min Dp v
(

Pk,Dp

)

+ (1− α) max Dp v
(

Pk,Dp

)

}

The calculated weighted average by Hurwicz’s criterion is
presented in Table 4.

Given Hurwicz’s criterion outcomes for both optimistic
and pessimistic approaches, exposure to ambient PM2.5

concentration gave off an impression of being a more intense
risk factor in accelerating mortality (asthma, COPD, stroke,
and IHD) among the selected risk factors. At a more aggregate
level, the findings revealed that exposure to ambient PM2.5

concentration is a potential contributor to mortality from CVD
(stroke and IHD) and CRD (asthma and COPD) in the populace
of Pakistan. As per the WHO recommendations, air quality in
Pakistan is unhealthy; the most current statistics show that the
annual mean concentration of country of PM2.5 is 58 g/m3,
which exceeds the recommended level of 10 g/m3. The most
significant contributors to these air pollutants in metropolitan
areas are inadequate energy consumption, a spike in the
number of vehicles driven regularly, an increase in uncontrolled
industrial emissions, and the combustion of waste and plastic
(31, 32). Thus, for the synergistic reduction of air pollutants,

a holistic management framework integrating health, energy,
climate, and environment sectors should be designed.

DISCUSSION

The considerable loss of life and comorbidities synonymous with
non-communicable diseases (NCDs) in developing countries,
such as Pakistan, entails a rigorous assessment of all the relevant
factors, from an individual up to the public level. Addressing this
subject can make a significant impact on overall general public
health improvement. Nonetheless, relatively few investigations
have emphasized the assessment of air pollutant exposure and
mortality fromCVD and CRD in Pakistani settings via anMCDA
approach. To the best of the authors’ knowledge, the study is
the first of its kind to measure the intensity and nature of the
relationship between exposure to air pollutants specifically PM2.5

and O3, and mortality from asthma, COPD, stroke, and IHD in
the Pakistani setting by employing grey modeling. Consideration
of endogeneity concerns in the acquisition of mortality-related
variables is one contribution to this type of study. MCDA
methods could be beneficial in facilitating appropriate policy
solutions. Such investigations could assist improve our capacity
to acquire valuable insights into the multifaceted nature of the
variables in a system.

Given the GIA findings, exposure to ambient and household
PM2.5 concentration had all the earmarks of being profoundly
associated with mortality from asthma, while ground-level
ozone exposure seemed, by all accounts, to be exceptionally
associated with IHD mortality among the chosen variables. In
the outcomes of Hurwicz’s analysis, exposure to ambient PM2.5

demonstrated to be a more heightened factor in influencing
mortality from CRD and CVD among the chosen factors. To
be more specific, our findings emphasize the importance of
planned urbanization, sustainable population growth, energy-
efficient local transportation frameworks, adaptation of clean and
renewable energy sources, and city-wide tree planting to avoid
further environmental and population health deterioration.

In light of the outcomes, this investigation suggested
that ambient concentration of PM2.5 might be the key
influencing factor of mortality from asthma followed by
IHD, stroke, and COPD within the Pakistani nation. Pakistan
has experienced swift urban growth since its foundation,
and the pace has intensified in recent decades. Presently,
∼50% populace of Pakistan lives in metropolitan regions.
Individuals commute to metropolitan regions for better job
prospects and significant ventures are arranged nearby urban
areas. Furthermore, rural regions have inadequate medical
and educational facilities, and land ownership among rural
residents is diminishing. These are different components
instigating rural residents to relocate to metropolitan regions
(33, 34). In Pakistan, the industry has grown at an exponential
rate; thus, urbanization degrades the environmental quality
indirectly via industrialization. Furthermore, due to the poor
public transit infrastructure in the urban regions of Pakistan,
inhabitants opt for private transportation, which has led to
massive automobiles emissions that contribute to environmental
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deterioration. Consequently, urbanization in Pakistan causes
pollution and worsens population health over the long haul
(35, 36).

Pakistan has insufficient energy sources. As per Demographic
Health Survey, 62% of Pakistani households cook with biomass
fuels (e.g., wood, coal, and agricultural, and animal wastes)
(37). PM2.5 concentrations emitted by biomass fuel use have a
significant impact on cardiacmorbidity andmortality worldwide.
Individually, the amount of fuel burned in a household might be
significantly less than the amount used in industries. However,
its influence on population health is far stronger because of its
pervasive and continuous existence in the internal environment
and the maximum time spent inside by humans (38, 39). This
issue is quite possibly the most ignored area of the disease burden
in the Pakistani region. It is indeed not hard to establish a tight
connection between household PM2.5 concentrations exposure
and health risks in humans. To minimize indoor air pollution
during culinary activities, a variety of treatments are available.
Changes in energy technology and boosting public awareness
about the severity of household air pollution caused by cooking
are required at individual levels. Appropriate measures tending
to a wide variety of issues related to cooking through awareness,
economic development, and renewable energy resources can be
extremely beneficial in reducing the possible CV health concerns
produced by biomass fuel smoke.

In recent years, China has made significant progress in terms
of improving air quality. In 2014, the government proclaimed a
battle against air pollution and enacted a national plan to combat
it. Since the announcement was made, air pollution levels in
the cities of China have dropped by ∼32% on average, as per
estimates from ground-level sensors. Although these reductions
are usually greater than those identified with the satellite-derived
pollution information utilized in the AQLI, they would increase
life expectancy by 2.3 years if confirmed and sustained over time.
India has proclaimed its war against pollution in January 2019,
would be on a comparable way if it prevails with regards to
meeting its expressed pollution mitigation objective of 20–30%.
Pakistan has the potential to encounter similar strides. If Pakistan
somehow happened to accomplish a similar 32% pollution
reduction experienced in China and tomaintain it, its inhabitants
would survive 1.2 years longer by and large. This would put the
country 52% of the best approach to accomplishing its air quality
norm and 43% closer to achieve the WHO recommendation
(1, 40).

Our findings have significant ramifications for policymakers
and decision-makers in terms of the sustainable environment
and health infrastructure. We must realize that the health sector
is simply one of many factors to a healthy life expectancy to
achieve a health objective with a CRD or CVD focus. Agriculture,
environmental, transportation, and economic policies, along
with international trade pacts, will influence diet, physical
inactivity, environmental sustainability, and access to better
health facilities. We must work together and collaborate within
regions and disciplines to promote and assert a significant
return of interest in respiratory and cardiac health; only then,
we will be able to persuade economies and businesses to

contribute critical resources to our mutual goals, which is

fundamental to population health and wellness in the populace of
Pakistan. Eventually, the Government and private organizations
in Pakistan should unanimously collaborate, encourage, and
concentrate on strategies that can minimize the regional burden
of diseases through planned urbanization, sustainable population
growth, adoption of clean and renewable energy sources, raising
the educational level, enhancing living standards, improving
access to quality health services, and investment in public
health expenditure to mitigate the risk of air pollution and
related mortality.

Besides, researchers have agreed that the MCDA paradigm is
productive in environmental healthcare domains and a beneficial
decision-making tool since it enables transparency, robustness,
and consistency in the context of diverse and contradictory
parameters (41, 42). The study outcomes recommend that when
confronted with various alternatives of equivalent worth in
decision-making situations, researchers should employ MCDA
methodologies and tools. This investigation may facilitate
researchers with multiple criteria decision-making roadmap
to help them enhance the quality of their studies and their
understanding of how to use MCDA techniques to evaluate
and prioritize the influencing factors of disease mortality
in environmental healthcare research. Further, the suggested
methodologies provide a valuable tool and additional practical
knowledge for policymakers and decision-makers in drawing
rational decisions. However, further investigations are necessary
to contrast the particularities of MCDA approaches (e.g.,
preferred inferencing approaches) and enable researchers in
selecting the appropriate tool, as there is no rationale for why one
MCDA technique is adopted over the other.

CONCLUSIONS

This corroboration adds to the growing body of research
demonstrating that exposure to ambient PM2.5 adversely leads
to respiratory and cardiac risks, emphasizing the demand
for further air quality improvement in Pakistan. Besides, the
suggested methodologies provide a valuable tool and additional
practical knowledge for policymakers and decision-makers in
drawing rational decisions.
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Logistics plays a major part in any country’s or region’s economic success. Logistics

performance depends upon the trade between other countries and urbanization.

Urbanization has major role in logistics performance. However, being a significant energy

user, logistics has negative consequences. As the logistics performance increases,

carbon emissions increase as well because of more transportation and urbanization.

Logistics performance has positive effects related to trade openness which reduces

carbon emissions. As a result, it is necessary to understand function of logistics from

both economic and environmental standpoint. Logistics performance is affected by

urbanization of any region. The dataset for this research is made up of 10 Asian nations

with 550 observations from 2010 to 2018 and is based on the theoretical underpinnings

of impact of population affluence and technology (IPAT) and stochastic impacts by

regression on population affluence and technology (STIRPAT). After applying various

tests like cointegration analysis, unit root test, cross-sectional dependence now long &

short-term relation of variables is studied by Cross-sectionally augmented autoregressive

distributed lag (CS-ARDL). As indicated by the discoveries, the logistic performance index

(LPI) is basically effective on economic growth and carbon emissions, particularly when

related to IPAT and STIRPAT. The findings are reviewed, and policy implications are

offered, which say that current logistical infrastructure should be transformed to more

environmentally friendly operations. Finally, the limits are acknowledged, as well as future

research possibilities that should be pursued.

Keywords: green environment, green logistics performance, CS-ARDL, carbon emissions, sustainable economic

growth, STIRPAT, renewable energy resources
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INTRODUCTION

Logistics is management of acquisition, storage of materials,

transportation of components and finished products inventories
(as well as associated information flow) across companies

and marketing platforms (1). Also, logistical expansion may
help to boost economic growth, but it can also have a
detrimental influence on environment and green energy.

Worldwide acquisition requires a huge interest in transportation
and an extended lead time, the two of which contrarily affect

environment sustainability (2). According to the United Nations
(2014), transportation is responsible for about 25% of worldwide
carbon emissions, which is expected to rise to 55% by 2040

unless environmental safety measures are taken. Furthermore,
since petroleum and fossil fuels account for 96 percent of
total energy demand, the transportation sector is heavily reliant

on them. Excessive energy use increases energy demand while
also increasing greenhouse gas (GHG) emissions. As a result,
businesses and decision-makers are more concerned about
environmental preservation and long-term growth and notion of
green logistics (GL) green environment emerges (3).

The supply chain’s logistics division is crucial. As green supply
chain management (GSCM) expanded internationally, a growing
number of scientists began looking at green logistics. eco-logistics
includes economic, sustainable environmental and social aspects
(4). It focuses around finding a way to lessen negative natural
outcomes and offers practices that guide in the development of
society and renewable energy resources.

Logistics performance may affect an organization’s or
country’s productivity and efficiency. Furthermore, a country’s
logistics play a significant part in evaluating a country’s total
supply chain quality and performance (5). The integration of
multiple processes in logistics management improves the total
transition of a product from raw material to completed products
simpler, smoother, and more punctual. It primarily entails the
coordination of transportation, inventories, warehousing, and
information exchange amongst supply chain participants (5). A
country’s logistics operations will profit in a variety of ways if
they are performed effectively. Solid logistics setup, for example,
will enable you to lower your stock levels and to save funds
on inventory investments. This will assist to speed the delivery
of items on time, reducing lead times and lowering warehouse
carrying and handling expenses by maintaining the optimal
amount of inventory. Furthermore, speedy clearance of the cargo
from the port will save the importer money on storage and
demurrages, therefore an organization at micro level & nation at
macro level may save money on many expenditures by having an
effective logistics infrastructure and operations (6).

Furthermore, the transportation and logistics industry
contributes greatly to global commerce by decentralizing
manufacturing, which may be located in a variety of
places and then transported to the point of need, thereby
supporting globalization by boosting worldwide trade (7). By
directing governments’ attention to development of logistical
infrastructure, relevant stakeholders can potentially save on
various costs associated with imports and exports through
process integration, cross-country sharing of benchmarks

and best practices and real-time open communication and
integration, thus allowing and establishing global trade (8).

According to the aforementioned facts, logistics performance
is regarded as a key predictor of the country’s economic
development, and so has attracted the attention of several
scholars and academicians (9). Furthermore, many nations’
growth percentages reflect the role of logistics in economic
development. For example, logistics contributes 7 and 8% of
yearly economic growth in advanced nations like Germany and
the United States, respectively, demonstrating the importance of
logistics in leveling country’s economic development (10).

However, there are certain disadvantages to the logistics
industry. While the industry employs around 5% of the
workforce, it produces carbon & greenhouse gases into
environment (5, 6). Despite the fact that environmental scientists
have warned world about changes in earth’s environmental
conditions, such as unusually high temperatures, more frequent
rainfalls, thunderstorms and drought. Despite severe laws
enforced by government bodies, environmental cooperation
among essential stakeholders is critical for sustainable
development, particularly in emerging countries (11).

The World Bank, as one of the most significant and biggest
financing, supporting, and financially aiding bodies to developing
nations, releases the Logistics Performance Index (LPI) for
150 countries every 2 years (12). Regardless of the way that
coordination’s execution is viewed as a significant supporter
of a country’s monetary achievement, the connection among
coordination’s execution and natural corruption is far from being
obviously true. As a result, as the country’s most noteworthy
energy shopper, it’s basic to investigate the connection between
coordination’s execution and both financial development and
natural insurance.

In this paper, we provide effects of logistics performance index
(LPI) on the environmental health and economic growth by using
modern technique CS-ARDL with various other tests. Our aim
of study is to verify that logistics performance affects the green
environmental health and economic growth and if has negative
effects on sustainable economy or environment how to minimize
its effects.

The next section provides literature review of logistics in
chosen nations; section Methodology provides methodology;
section Results and Discussion provides results and
discussions; sections Conclusions and Recommendations
and Limitations of the Study provide conclusions and limitations
of study, respectively.

LITERATURE REVIEW

Research in GL operations is based on a variety of different
topics. There are three theories that involve reverse logistics,
emissions assessment, and the “greening” of supply chains
and logistical operations (13). Strategic and operational aspects
of green logistics (such as the selection and assessment of
a sustainable logistics provider) were highlighted in another
research (14). An important area of research in GL operations is
the trade-off between economic gain and environmental impact.
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When it comes to implementing eco-friendly sustainable logistics
operations, four obstacles were found: consumer priorities,
management complexity, network imbalance and uncertainty
over new technical or legal developments as the four main
hurdles (15). It has been shown that GL innovation may
lower the environmental effect of logistics activities and boost
company competitiveness and sustainability (16). Upstream
supply chain measures can enforce environmental friendliness
on logistics businesses, a downstream supply chain participant
(17). Similarly, to be clear, the research cited above focused on
ways to reduce environmental deterioration without jeopardizing
business interests (18, 19). However, urbanization also effects
logistics. Urbanization leads to logistics as the rural areas
are developed, logistics performance increases automatically.
Also, logistics performance leads to urbanization as there
is development of transportation, warehouses and freight
forwarders. Both of the factors urbanization and logistics are
main features of economic growth and development (20).
Relation of logistics to economic growth and environmental
factors is discussed below.

Logistics and Sustainable Economy
In literature, the term transportation and logistics (albeit
transportation is component of logistics) is used, but
transportation is described as a component that was identified
early on as essential component of logistics (21). Logistics has
major role in a country’s economic development, empirical
research on this link are few (5). However, there are four ways in
which logistics may assist a country in accelerating its economic
development. To begin with, modern logistics infrastructure
assists a nation in focusing commercial activities, increasing
the economy’s total output (22). Second, excellent logistics
infrastructures aid in the attraction of foreign direct investment
which in turn aids in country’s economic development (23).
Third, good logistics aids a business in reducing logistical
waste and expenses, making them more competitive and
boosting the market offers in worldwide market. It aids in
better communication between parties, which is a crucial
component of logistics (24, 25). Fourth, to maintain updated
logistics infrastructure, investments in technology, machinery,
and equipment will be made, resulting in the logistics sector
indirectly supporting a country’s economic development (26).

The LPI proposal has been seen as a step forward in
the study of logistics at the macro-level (6, 12). The link
between the LPI and other economic indicators has been
investigated in a number of researches. For example, a
researcher investigated the levels of international commerce
while considering customs operations, logistics expenditures,
and the soundness of logistical infrastructure LPI, which also
emphasizes the initiatives performed by the relevant authorities
around the globe. Researchers looked into the association
between GDP and global competitiveness index with LPI,
whereas relationship with economic growth using data from
32 OECD nations from 1994 to 2011 (27). In 2021, researcher
analyzed relation of green supply chain management and
governance mechanism. Their study showed that how choice of
governance mechanism can affect the companies green supply

chain management performance and competition. It showed that
formal governance can affect process management (16). In 2021,
research was conducted on south Asian countries using panel
data estimation. Results revealed that financial development and
income inequality have positive effect on economic growth while
energy usage has opposite effect (28).

Logistics and Environment
Logistical services, as previously mentioned, are important users
of energy and hence contribute to environmental degradation
through the emission of greenhouse gases and pollution. Logistics
and operations must be managed by legislation if economies
are to be sustainable, and thus compromises the sustainability
of the environment (29). Because they are viewed as low
cost-bearing investment with minimal economic returns, green
practices tend to counter environmental deterioration to a greater
extent than those implemented by the United States and the
United Kingdom, although these are frequently ignored by
countries (11). According to researchers in 2017 who studied
trends in 27 European countries, serious measures must be
taken by the relevant authorities to control logistics’ negative
environmental impacts, while green practices must be applied
among logisticians for long-term sustainability. Researchers
confirmed the link between logistics and carbon emissions in
Balkan nations (30). There are number of additional options that
might be beneficial in the fight against carbon emissions. Even
though it’s a cost-effective investment, sustainable logistics also
helps companies make more money, while it also improves the
company’s reputation in the market on all three fronts (ethically,
morally, and financially) (31). The authors further argued that for
an economy to be sustainable, government institutionsmust have
non-flexible policies in place to reduce greenhouse gas emissions
dramatically. This is because environmental degradation is
accelerated when foreign direct investments and inflows are
made (32). Since the number of vehicles on the road increases
on a regular basis, pollution levels will rise and the environment
will worsen (33).

In 2018, Generalized Methods of Moments technique was
used to analyze green logistics and environmental sustainability.
Data was collected from 43 nations and findings revealed that
non-renewable energy and fossil fuels used in GL operations have
harmful effects on environmental sustainability and economic
growth (34). In 2021, researchers in China analyzed 501
samples from enterprises of green supply chain management
on clean technology innovation. Small industries have more
motivation to adopt green supply chain management than
heavy or large industry (35). In 2021, due COVID pandemic
study was conducted to analyze the logistics operations linkage
with environmental impacts. Panel data was collected from
25 countries and it revealed that LPI has negative effects
on economic growth. LPI has positive effects on carbon
emissions but green supply chain management is far away from
decarbonization (36). Also, in 2021 research was conducted
on E7 countries regarding environmental taxes and carbon
neutrality. Panel data econometric tools were used to conduct the
experiments. Results revealed that environmental taxes and eco-
innovation play significant role in carbon emission mitigation
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(37). In 2021, researchers analyzed the greenhouse gas emissions
regarding agricultural and food system using panel regression
method on BIMSTEC region. Results showed that renewable
energy can help mitigate the pesticides effects on greenhouse
gasses (38).

Although the above discussion of logistics’ role in sustainable
development focused on maintaining right balance between
economic growth and environmental degradation. From existing
literature, it is clear that logistics not only facilitates economic
activity, but also has negative effects on the environment,
necessitating further study. With that in mind, it is clear that
addressing the issue raised in this study in relation to major Asian
countries, whose operationalization will be elaborated on in later
parts, makes sense.

METHODOLOGY

This part goes through the data, how to measure it, how to
specify the model, and how to make the study practical. Here top
10 Asian countries (China, Hong Kong, Japan, India, Pakistan,
Bangladesh, Indonesia, Malaysia, Singapore and South Korea)
are selected according to their high population and trading
values. Here CE represents carbon emissions, EG represents
economic growth, LAB represents labor (working manpower),
CPT represents capital, URB represents urbanization and PCI
represents per capita income. Because all variables are measured
in various units, it’s necessary to convert them all to the same unit
in order to improve the result and interpretations. All the data is
collected fromWorld development indicators (WDI), as given in
Table 1.

Firstly, we are going to specify a model for economic
growth and carbon emissions which will be related to logistics
performance. After that we will apply unit root test to verify
stationarity in the data set. After that cointegration test
will be performed along with panel cointegration and slope
heterogeneity test to verify the data set of countries for EG andCE
variables. At last we will perform CS-ARDL log-run and short-
run test to verify that what effects logistics have on economic
growth and carbon emissions.

According to the researcher, natural logarithm was used
to reduce difficulties with distributions within the data set.
Furthermore, the derived coefficients from natural log, indicate
elasticity that improves quality of interpretations (39).

Model Specifications
To achieve the study’s goal of exploring role of logistics in
environmental and economic aspects, modeling is build based
on 2 theories that give theoretical foundations: the neoclassical
growth model & IPAT model for determining economic and
environmental outcomes (40). Furthermore, urbanization was
utilized as a control variable since the degree and quality of
logistical infrastructure affects the probability of urban intensity.
Nonetheless, the models are discussed in more detail below:

The following model is presented for analyzing the influence
of LPI and URB on EG:

EGit = f (LABit , LPIit , CPTit , URBit , vi) (1)

In Equation 1, EG represents economic growth, CPT represents
capital, LAB represents labor, URB represents urbanization, LPI
represents logistics performance index, and vi represents the
nation’s fixed impact, whilst (t) and (i) indicate time period
and country, respectively. Furthermore, IPAT model was used
to examine the impacts on environmental elements, as it has
been in previous studies (41, 42). The following is based on this
model’s underlying link between money, technology, population,
and environment:

I = A × T × P (2)

In Equation 2, I represent pollution, which is calculated
from consumption (A), technical efficiency (T) and population
(P), which is defined as per unit of pollution. This is an
early model that was developed into a stochastic version
Dietz and Rosa known as STIRPAT (Stochastic Impacts via
Regression on Population, Affluence, and Technology) (43). As
a result, the following equation is suggested based on theoretical
underpinning of STIRPAT approach:

CEit = f (PCIit , LPIit , PPLit , URBit , vi) (3)

Equation 3 shows how to calculate CE by managing the impact
of logistics performance, urbanization, population and per capita
income with other effective factors on country or global level.
LPI represents logistics performance index, PCI represents per
capita income, PPL represents population of each nation, URB
represents urbanization of each nation and v represents other
factors while (t) and (i) represent time period and nation.

Unit Root Test
The current study’s research began with a determination of
unit’s cross-sectional dependency (CD). For determining specific
unit roots tests from various possibilities to treat cross-sectional
dependency, evaluating CD before analyzing unit root is
advantageous. When a research is conducted on a data set of
sections with comparable areas or locations, some elements, such
as economic crises, inter region regulations and oil prices have
an overall influence on the region. Consequently, if the CD is not
appropriately handled, inaccuracies in the estimates may arise,
leading to incorrect conclusions and interpretations (44, 45).
Several studies have investigated stationarity (46–48). There are a
number of tests available for determining unit root, but each has
its own set of advantages and disadvantages. Three generations
have been established. This classification is also based on the
ability to deal with challenges in various scenarios. For example,
in homogeneous panel estimates, non-stationary may be tested
using the methods suggested (48).

Test categorizes in second generation Moon and Perron,
on the other hand show that even in case of heterogeneous
panel estimates, CD may be addressed (49). Although both 1st
and 2nd generation tests are incapable of integrating structural
breakdowns, they lose their prediction power as a result. Because
of its capacity to include structural breakdowns while also
addressing heterogeneity and CD, third generation tests in
order to solve non-stationarity problem and cross-sectional
dependence (49).
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Cointegration Test
After determining stationarity, modified Swamy’s test is used
to determine the slope’s heterogeneity (50). The null hypothesis
represents the existence of homogeneous slope, while alternative
hypothesis represents presence of a heterogeneous slope. Because
standard tests fail to provide credible estimates when CD
is present, the current research uses tests by Banerjee and
Carrion-i-Silvestre (57) and Westerlund and Edgerton (51).
Tests developed are capable of addressing issues such as slope
heterogeneity, lack of stationarity, most crucially, including
structural discontinuities without affecting slope homogeneity
and refusing null hypothesis (51). Swamy’s test modified version
for slope hetrogenity test is as followed.

Ŝ =
∑N

i=1
(β̂ − β̂WFE)′

X
′
iMtXi

α̂2
i

(β̂ − β̂WFE) (4)

α̂2
i =

(

yi − Xiβ̂i

)′

Mt (yi − Xiβ̂i)

(T − k− 1)
(5)

β̂WFE = (
∑N

i=1

X
′
iMtXi

α̂2
i

)−1
∑N

i=1

X
′
iMtXi

α̂2
i

(6)

Here, N is fixed and T is for infinity. K(N-1) is degree of freedom.

CS-ARDL Test
When investigating any phenomena using a dataset including
portions from same region, the CD remains a difficulty because
to the need for consistency while dealing with regional concerns
such as oil price changes, financial disturbances, and so on.
Because of significant correlation in unobserved variables, CS-
ARDL is favored for addressing CD and slop variability between
sections, which may result in worse findings. The CS-ARDL
calculations are based on dynamic common correlated effects and
begin as follows:

Wi,t =
∑pw

I=0
γ I, i Wi,t−1 +

∑pz

I=0
β I, i Zi,t−1 + εi,t (7)

When CD is present, Equation (7) reflects Autoregressive
Distributed Lags (ARDL) model, however when Equation (8)
is used, it is possible to get incorrect results. Equation (8) is
modification of Equation (4), in which the cross-section averages
of each independent variable is employed to help overcome the
unfitting inference while taking into account the existence of the
needed effect due to the CD (52).

Wi,t =
∑pw

I=0
γ I, i Wi,t−1 +

∑pz

I=0
β I, i Zi,t−1

+
∑px

I=0
α′ I, i X̄i,t−1 + εi,t (8)

Xt1 =Wi, t−1, Z i,t−1 represents average of both independent and
dependent variables in Equation (5), whilst pw, pz , px represents

the delays for all variables. Furthermore, in the current research,
Zi,t represents all independent factors, including URB & LPI,
while Wi,t represents all dependent variables, including EG and
CE. For this reason, the average over sections is denoted by X,
which eliminates the possibility of spill-over dependency (53).
Long-run CS-ARDL coefficient estimations are based on short-
run CS-ARDL coefficient estimates, which should be noted. The
following table includes the long-run coefficients and the mean
group estimator:

π̄CS− ARDL, i =
∑pz

I=0 β̂I, ipw

1−
∑

I = 0
̂γ I, i (9)

And also,

̂π̄M,G =
1

N

∑N

i=1
π̂ i (10)

1Wi,t = ϑi

[

Wi,t−1 − πiZi,t
]

−
∑pw−1

I=0
γ I, i1IWi,t−1

+
∑pz

I=0
βI, i1IZi,t +

∑px

I=0
α′I, iX̄t + εi,t (11)

Also,

̂Ti = −(1−
∑pw

I=1
̂γ I, i) (12)

RESULTS AND DISCUSSION

Results of Cross-Sectional Dependence
Analysis
The CD test, as stated in the preceding section, is critical for
providing impartial findings; if it is not examined, the succeeding
tests will provide incorrect stationary and unit root results. All
of the study variables concentrated on factors have huge p-
values at the 1 percent level of importance, dismissing the invalid
theory that there is no cross-sectional reliance between them.
This shows that there is cross-sectional reliance between them in
the informational collection. Table 2 sums up the consequences
of the cross-sectional reliance test dependent on Psarian’s test
(54). Figure 1 shows statics values of each variable from the
cross-sectional dependence test.

Results of Unit Root Test
Findings reveal that null hypothesis is rejected while accepting
existence of unit root in presence of cross-sectional dependence,
heterogeneous slope, and structural breaks. As a result, every
variable investigated was determined to be stationary and/or
integrated. Table 3 shows a summary of the findings. Figure 2
shows the results of unit toot test by Pesaran with CIPS and
MCIPS at level (0) (55). Figure 3 shows the results of unit root
test by Bai el al. with level (0) and first difference level.

Frontiers in Public Health | www.frontiersin.org 5 January 2022 | Volume 9 | Article 81861461

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Gu et al. Sustainable Economic Growth: CS-ARDL Tool

TABLE 1 | Source of all variables.

Variable Unit Source

Carbon emissions (CE) Discharged carbon in K tons WDI

Economic growth (EG) Market priced gross domestic

product with base of 2015 USD

WDI

Labor (LAB) Working manpower of population

having age of more than 15 years

WDI

Capital (CPT) Gross formation of fixed capital

with base of 2015 USD

WDI

Per capita income (PCI) Income of household WDI

Urbanization (URB) Total number of people from

population living in urban cities

WDI

Population (PPL) Entire people living in the nation WDI

Logistics performance

index (LPI)

Overall logistics of nation WDI

TABLE 2 | Results of cross-sectional dependence analysis.

Variable Statistics (p-values)

URB 25.386***

PPL 43.986***

PCI 28.749***

LPI 31.489***

LAB 39.147***

EG 27.157***

CPT 29.045***

CE 34.489***

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***.

Results of Slope Heterogeneity Test
The slope’s heterogeneity was then assessed using homogeneity
slope, which Pesaran and Yamagata updated and discussed
in 2008 (50). It should be emphasized that if the slope’s
heterogeneity is not examined, the subsequent analysis will
provide incorrect results, contaminating the findings. In this test,
null hypothesis asserts that slope’s coefficients are homogeneous,
while alternative hypothesis suggests that slope is heterogeneous.
One percent significance threshold revealed the p-values to be
very significant, disproving the null hypothesis and empirically
confirming that slope coefficients can be heterogeneous. To
account for slope heterogeneity, it is vital to employ conventional
approximation methods; otherwise, the conclusions may be
inconsistent. Term “slope heterogeneity” refers to fact that
coefficient is not same for each cross section (56). Table 4 shows
a summary of the findings.

Results of Panel Cointegration Analysis
This test examines whether or not there is cointegration, with
the null hypothesis stating there isn’t cointegration when CD
is present in data and the alternative hypothesis suggesting
otherwise (51). All three phases of the test (mean shift, regime
shift, and no break) reject the null hypothesis at a 1 percent
level of significance for both of the research’s criterion variables,
gross domestic product and carbon emissions. This indicates
the presence of cointegration. Table 5 shows a summary of
the findings.

Here, we are going to discuss the cointegration analysis
derived by researchers (Banerjee and Carrion-i-Silvestre) in 2017.
Cointegration analysis was performed for EC and CE for 10

FIGURE 1 | Results of cross -sectional dependence analysis.
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TABLE 3 | Result of unit root test.

Variable MCIPS (Level 0) CIPS (Level 0)

Pesaran (49)

URB −7.326** −3.513***

PPL −8.391** −3.742***

PCI −6.846* −2.102**

LPI 6.248* −2.513**

LAB 5.957* −2.157**

EG −8.87** −3.157***

CPT −8.02** −2.981***

CE −9.36** −3.014***

Level (0) First level

Variable Z P Pm Z P Pm

Bai and Carrio n-i-Silvestre (55)

EG 0.846 18.662 −0.583 −2.795*** 74.349*** 4.879***

URB 0.338 11.978 0.821 −3.715*** 80.189*** 2.971***

PPL 0.297 23.143 0.446 −5.478*** 71.088*** 3.018***

PCI 0.184 17.179 1.214 −4.089*** 67.489*** 5.089***

LPI 0.141 9.541 −0.591 −2.049** 85.146*** 5.300***

LAB 0.389 21.879 −1.088−13.384*** 60.054*** 7.371***

CPT 1.018 24.113 −0.679 −1.708** 45.189* 1.348*

CE 3.516 19.241 0.751 8.136*** 58.015*** 8.367***

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***. CIPS means

chartered institute of procurement and supply. MCIPS means members of chartered

institute of procurement and supply.

ASIAN countries. By rejecting null hypothesis for both study
criteria variables (EG and CE), the cointegration test shows that
there is cointegration (57). The analysis for all of the nations
analyzed in this research was determined to be significant at the
1% level of significance, as shown in Table 6 and Figure 4.

Results of CS-ARDL Long-Run Test
Once the data shows the existence of cointegration, CS-ARDL
may be used to examine the short and long-run relationships of
economic growth and carbon emissions, as well as their drivers,
using the theoretical channel outlined previously. When looking
at long-run associations for economic growth, it was discovered
that capital has significant link, which is significant at 1% level
of significance and positive with a coefficient value of 0.348,
implying that a 1% rise in capital would raise economic growth
by 0.348 percent, as given in Figure 5. Second, labor was shown
to have a substantial association with economic growth in the
long term, with a coefficient value of 0.419, implying that a
one percent rise in labor would raise economic growth by 0.419
percent. A substantial link between urbanization and economic
growth was found, with a coefficient value of 0.252, meaning that
a one-percent increase in urbanization would enhance economic
growth by 0.252%. This is noteworthy at the five-per cent level
of importance and positive over the long haul. In particular, the
coordination’s execution list was found to have a solid connection
with financial development, with a coefficient worth of 0.319,
suggesting that a 1% expansion in the coordination’s execution
list would raise monetary development by 0.319 per cent. This

FIGURE 2 | Results of unit root test (Level 0); Pesaran (49).
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FIGURE 3 | Results of unit root test (A) Level (0); (B) First difference (1); Bai and Carrio n-i-Silvestre (55).

FIGURE 4 | Results of Banerjee and Carrion-i-Silvestre (57) cointegration analysis (A) DV: EG, (B) DV: CE.

FIGURE 5 | Results of CS-ARDL Long run test (A) DV: EG, (B) DV: CE.
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FIGURE 6 | Results of CS-ARDL Short run test (A) DV: EG, (B) DV: CE.

TABLE 4 | Results of slope heterogeneity test.

Statistics P-value

DV (Dependent variable): EG

19.583*** (0.000)

Adjusted 20.056*** (0.000)

DV (Dependent variable): CE

21.969*** (0.000)

adjusted 22.952*** (0.000)

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***.

TABLE 5 | Results of panel cointegration analysis.

Test No break MS (Mean shift) RS (Regime shift)

DV (Dependent variable): EG

ZφN −3.933*** −3.632*** −4.102***

Pvalue 0.000 0.000 0.000

ZτN −3.876*** −3.502*** −3.665***

P-value 0.000 0.000 0.000

DV (Dependent variable): CE

ZφN −3.954*** −4.107*** −3.643***

Pvalue 0.000 0.000 0.000

ZτN −3.781*** −4.253*** −3.127***

P-value 0.000 0.000 0.000

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***.

connection is critical at the 1% degree of importance and positive
over the long haul.

When looking at long-run associations for CE, it was
discovered that PPL has a significant link that is significant at
1% level of significance and positive with a coefficient value of

0.221, implying that a 1% rise in population would raise carbon
emissions by 0.221 percent. Second, per capita index was shown
to have substantial association with carbon emissions in the long
term, with a coefficient value of 0.397, implying that a one percent
rise in per capita index would lower carbon emissions by 0.397
percent. Urbanization was also shown to have a strong link to
carbon emissions, with a long-term significance level of 5% and a
coefficient value of 0.2833. This means that for every 1 percent
increase in urbanization, there will be an equal and opposite
increase in carbon emissions of 0.2833 percent.

Most pertinently, the logistics performance index was found
to have a strong correlation with carbon emissions, which is
huge at a 1% degree of importance and negative over the long
haul, with a coefficient worth of 0.206. This implies that a 1%
expansion in the coordination’s execution file would bring about
an increment in fossil fuel byproducts of 0.206. Table 7 shows a
summary of the findings.

Results of CS-ARDL Short-Run Test
According to research on short-term economic growth
connections (i.e., the relationship between capital and growth),
a 1 percent increase in capital raises economic growth by 0.159
percent, giving a coefficient value of 0.159.

Second, labor was shown to have a substantial association
with economic growth in the short-run, with coefficient value
of 0.196, implying that a one-percent rise in labor would raise
economic growth by 0.196 percent. Furthermore, urbanization
was shown to have strong association with economic growth in
the short term, with a coefficient value of 0.106, implying that
1% rise in urbanization would raise economic growth by 0.106
percent. Most crucially, logistics performance index was shown
to have a strong association with economic growth in the short-
run, with a coefficient value of 0.205, implying that 1% rise in
logistics performance index would raise economic growth by
0.205 percent.
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TABLE 6 | Results of Banerjee and Carrion-i-Silvestre (57) cointegration analysis.

DV: EG DV: CE

Sr. No.# Countries No deterministic specification Constant Trend No deterministic specification Constant Trend

1 South Korea −3.089** −3.334** −3.961** −3.753** −4.051** −4.812**

2 Singapore −4.289** −4.441** −4.891** −5.211** −5.395** −5.942**

3 Pakistan −7.955** −7.721** −7.510** −6.923** −6.717** −6.533**

4 Malaysia −7.518** −7.582** −7.018** −6.541** −6.596** −6.105**

5 Japan −4.134** −4.089** −3.981** −5.022** −4.968** −4.836**

6 Indonesia −3.571** −3.897** −3.149** −4.338** −4.734** −3.826**

7 India −5.089** −5.551** −5.083** −6.183** −6.744** −6.175**

8 Hong Kong −6.681** −6.211** −6.184** −5.813** −5.403** −5.386**

9 China −4.089** −4.159** −4.238** −4.968** −5.053** −5.149**

10 Bangladesh −3.189** −3.94** −3.498** −3.874** −4.787** −4.256**

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***.

TABLE 7 | Results of CS-ARDL long run test.

p-values Coefficient t-statistics

DV: EG

CPT 0.000 0.348 4.105

URB 0.023 0.252* 2.281

LPI 0.000 0.319** 5.056

LAB 0.000 0.419* 4.084

CSD-Statistics 0.995 – 0.019

DV: CE

PPL 0.000 0.221* 4.952

URB 0.001 0.283** 2.973

PCI 0.000 0.397* −3.148

LPI 0.000 0.206* −3.411

CSD-Statistics 0.597 – 0.401

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***.

As Figure 6 elucidates, short-run associations for carbon
emissions, it was discovered that population has a significant link
that is significant at a 1% level of significance with a coefficient
value of 0.201, implying that 1% rise in population would
enhance carbon emissions by 0.201 percent. Second, per capita
income was shown to have substantial association with carbon
emissions in short-run, with a coefficient value of 0.108, implying
that 1% rise in per capita index would result in a 0.108 percent
drop in carbon emissions. Furthermore, urbanization was shown
to have substantial association with carbon emissions in short-
run, with coefficient value of 0.098, implying that a 1% rise in
urbanization would raise carbon emissions by 0.098 percent.
In particular, the logistics performance indicator was shown to
have a strong correlation with carbon emissions, with a short-
term coefficient value of 0.163 indicating a significance level of
1 percent. This implies that a 1% rise in logistics performance
index will raise carbon emissions by 0.163 percent. Tables 7 and
8 represent the summary of these findings.

TABLE 8 | Results of CS-ARDL short run test.

Variables Coefficient t-statistics p-values

DV: EG

CPT 0.159* 1.379 0.091

URB 0.084** 2.587 0.017

LPI 0.191*** 2.943 0.001

LAB 0.201*** 3.489 0.000

ECM -1 −0.369*** −4.946 0.000

DV: CE

PPL 0.201*** 5.421 0.000

URB 0.098*** 3.894 0.000

PCI −0.108*** −6.059 0.000

LPI −0.163*** −4.249 0.000

ECM -1 −0.304*** −7.246 0.000

10, 5, and 1% of significance level is shown, respectively, by *, ** and ***.

CONCLUSIONS AND
RECOMMENDATIONS

The research verifies the importance of LPI in complementing
EG and combating CE, also the other theoretical IPAT and
STIRPAT determinants by basing it on them and using the CS-
ARDL that was implemented after numerous preliminary tests
had been carried out. To strengthen their logistical infrastructure,
governments must adopt cutting-edge technologies like block
chain, data analytics, and the psychology of the fourth industrial
revolution, based on outcomes and relevance in the Asian
area worldwide.

Logistics performance may affect an organization’s or
country’s productivity and efficiency. An organization at micro
level and a nation at macro level may decrease costs by reducing
expenditures while increasing productivity with an effective
logistics infrastructure and operations (6). The transport and
logistics industry contribute considerably to global commerce
by decentralizing manufacturing, and may take place in a
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variety of locales, and hence logistics is seen as a key
predictor of a country’s economic progress. While logistics is
critical to country’s economic progress, it is also source of
carbon emissions, eroding environment’s sustainability. Thus,
sustainable equilibrium must be established in terms of growth
and advancement, but not at expense of environment. The
outcomes of study demonstrate critical significance of logistics
in ensuring sustainability. These findings are comparable with
prior study, in which several researchers agreed on importance
of logistics to an economy’s financial well-being and also
expressed worry about environmental sustainability (5, 58).
Nonetheless, by utilizing reasonably sophisticated statistical
approach, present study adds to existing literature and verifies
findings of earlier studies.

However, since the logistics industry uses a considerable
amount of global energy, it has socioeconomic and
environmental ramifications. Because of the discussions,
the flow research investigated the connection among LPI and
EG and CE with regards to 10 Asian countries. Since Asia is
the world’s biggest and most crowded mainland, and the vast
majority of its nations are associated with and have assumed a
critical part in worldwide exchange, especially nations like India,
turkey and China which are vital participants around here as far
as financial action age.

Furthermore, world is now paying attention to developments
and changes in Asian trade. Initiative took by China toward
the green logistic by offering policy of One Belt, One Road
project that ties many regions together by oceans and land
for more economic growth and environmental sustainability.
As a result, more business may be achieved by removing non-
value-added logistical activities and processes, as well as their
associated procedures and personnel (59). On the other hand,
law enforcement authorities should regulate degree of pollution
created by logistics while eliminating pollution via essential
innovative technology implementation in order to protect the
environment. Specifically, nations must have an environmental
orientation to assist them in changing their present infrastructure
into one that is more environmentally friendly. Shifting to
renewable energy inputs, optimizing current resource usage, and
increasing the efficiency of logistical operations are some of the
recommendations that will aid nations in preserving the balance
of economic development and environmental protection.

Green logistics is rapidly being considered as critical to the
creation of sustainable products. Due to the significant degree of
interdependence amongst supply chain partners, a business needs
communicate information with them in order tomanage product
development processes properly. Thus, when there is little or
no information flow between supply chain participants, green

logistics project is almost certain to fail. Typically, environmental
effect of goods is considered during the raw material selection
process. Managing sources early in design process is critical
for developing eco-friendly goods. Indeed, relational supervisory
activities have been identified as critical component for product
innovation cooperation (16). Companies may engage in global
supply chains and collaborate closely with a variety of partners
by utilizing collaborative product design. As a result, businesses
may gain useful feedback for product design. Additionally,
businesses may plan and monitor their environmentally friendly
products through collaborative connections. This conclusion
corroborates prior research arguing that close relationships
between Original equipment manufacturers and vendors help
revitalize new product development.

LIMITATIONS OF THE STUDY

Based on the limitations of this study, it’s been suggested that
future research focus on the LPI’s green side and the role
that individual nations have played in greening logistics. It is
also important to look at the non-linear relationship between
the variables, which was not examined in this study. For this
reason, as well as the fact that logistics were critical in Eastern
Europe, these phenomena should be examined across additional
panel estimates based on data from diverse locations. It should
also be investigated at the individual level by applying various
concepts such as the use in decision making of many criteria,
mathematical model for structural equation and artificial neural
network amongst others.
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Entrepreneurial innovations lead to transformations in the existing business model,

involving them integrating the new knowledge into the established entrepreneurial

activities. The current study combines marketing strategies, entrepreneurial innovation,

absorptive capacity, and consumer purchasing behavior in the health sector. This study

investigates the impact of packaging and labeling strategies on entrepreneurial innovation

and consumer purchasing behavior. Therefore, this study also investigates the mediating

effect of entrepreneurial innovation between packaging and labeling strategies and

consumer purchasing behavior. The study examines the moderating role of absorptive

capacity between entrepreneurial innovation and consumer purchasing behavior. While

using convenience sampling, this study used the consumer of medications as a sample

from China. The research adopted a quantitative method to conduct the study analysis. A

well-structured questionnaire with a 5-point Likert scale has used for the study analysis.

The adopted questionnaires were utilized in data collection with 702 with a 70% response

rate, and Smart PLS was used to analyze the data. The findings of this study indicate

that packaging and labeling strategies significantly influence entrepreneurial innovation

and consumer purchasing behavior. Entrepreneurial innovation significantly mediates the

packaging and labeling strategies and consumer purchasing behavior. The moderating

role of absorptive capacity significantly affects entrepreneurial innovation and consumer

purchasing behavior. The implications of the investigatedmodel with innovativemarketing

strategies give new insights for managerial, policymakers, and research perspectives.

Keywords: consumer purchasing behavior, pharmaceutical, healthcare, green environment, sustainable economy,

entrepreneurial innovation
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INTRODUCTION

Due to the progressing globalization and increasing competition
nowadays, the need for effective product recognition has
become essential, with product packaging playing a critical
role in driving the vehicle of manufacturing businesses. All
the processed commodities require formalized packaging from
the first phase of product generation to the final distribution.
Packaging is an integral component of marketing strategy.
It encourages the companies to develop unique products,
thereby receiving a favorable buyer response. Consumer purchase
behavior is a process of assessing, selecting, and obtaining the
product that fulfills the requirement of the buyers. Consumers
judge the products based on their needs. The wide extend
of products characteristics accessible to consumers respects
quality, design, label, packaging, and functionality, thus satisfying
the consumers’ requirement. Above all, packaging constitutes
an instrumental role in communicating the brand attributes
to the potential users. Product characteristics capture the
consumer’s attention in the shape of color, design, packaging,
and labeling. Packaging provides a valuable experience to all
the buyers, developing a positive consumer perception, thereby
pulling the potential consumers toward the brand (1). Notably,
producers and manufacturers communicate with the consumers
through information sources (i.e., product characteristics).
The information provided in the shape of packaging assists
the consumer in making the most favorable buying choices.
However, packaging strategies at various levels within industries
(e.g., pharmaceutical) record positive consumer behavior (2).

Over the years, pharmaceutical products have received
significant importance from buyers. The contributing factors
(e.g., packaging and labeling) lighten the advancement of
industrial production while extending the accessibility of drug
items (3). Considerably, the changing dynamics of the global
market in the pharmaceutical industry have added complexity
in meeting the universal standards of drug production in
numerous nations (4). As a result, companies are thoroughly
screening the manufacturing processes, fulfilling the safety and
quality measures of the stakeholders, thereby differentiating the
pharmaceutical brands (e.g., local and global). In pharmaceutical
parlance, product packaging (e.g., bottle, vessels, caps) has
gained much attention in the production process, making
the drugs products differentiate from the competitors. In the
healthcare sector, the product packaging reflects the quality of
the product. The marketers use different product packaging
to gain consumers’ attention. Today, based on the product
packaging, pharmaceutical products are assumed safe and secure
by the consumers. In the pharmaceutical industry, the packaging
makes consumers think that the product has a positive effect on
consumers’ health. In the illustration, the study shows that this
sense of healthiness makes the consumer buy the product (5). In
particular, product packaging prompts various cues, influencing
consumer buying choices (6).

Furthermore, in the health care industry, labeling being
a crucial component of packaging eliminates the uncertainty
of the end-users while reinforcing positive buying choices.
Product label provides meaningful information about the

product attributes (e.g., ingredients, taste, quality, date of
manufacturing, expiry date) (7). Product labeling is the prime
source of providing information to the end-user at the point
of purchase (8). In the health care industry, consumers make
purchases based on product information. Many individuals buy
products that ensure positive consumer health. In particular, the
packaging cues provide essential information to the consumer,
thus encouraging them to purchase the product. The influence
of labeling strategy on consumer health brings positive results.
The product’s physical appearance and the health claims made
on the packaging are perceived to be credible and healthy.
Given the articulation, the research shows that the nutrition
information provided on the product label records a positive
consumer attitude in the shape of a favorable response (9).
Perhaps, the crucial information motivates the buyer to make a
purchasing decision. Therefore, the labeling strategy influences
the consumer’s purchasing choice while enabling the buyers to
pay for labeled products (10).

Additionally, research shows that packaging with innovation
has created a new dimension in which entrepreneurial innovation
has added tremendous value within the supply chain (11).
Entrepreneurship aims at benefiting from the opportunities,
while product innovation refers to the value-added activities,
subsequently differentiating one product from the other product.
Products without innovation tend to be left behind by
the consumer. Consistently, the packaging innovation in the
pharmaceutical market ensures a safe and premium product
performance. To improve the product packaging, entrepreneurs
encourage the marketers to incorporate consumers’ needs by
ensuring consumers’ safety. Given the statement, the study
shows that efficient and intelligent pharmaceutical packaging
in the healthcare service motivates consumers to buy safe,
secure, and healthy products (12). Indeed, entrepreneurial
innovation activities develop modifications, creating favorable
product variations (e.g., attractive packages), thus extending
buyers’ interest in product purchases (13, 14).

However, consumers’ favorable decisions are not only
influenced by innovation, despite being persuaded by the
positive information available to them at the point of purchase.
Product developers drive consumer interest by maintaining
information transparency. Increasing consumer awareness
of product information supports the companies in sharing
transparency-based procedures (e.g., certifications) among
supply chain actors (15, 16).

In particular, for firms to innovative absorptive capacity
forms an integral component in implementation organizations’
learning capabilities into new business procedures. It enables
the manufactures to develop a solid knowledge foundation (17)
while rigorously integrating acquired knowledge into product
innovation. The firms’ capacity to acquire and disperse new
knowledge and learning capabilities compels the businesses
to innovate, thus strengthening the effect of entrepreneurial
innovation on consumer behavior (18–20).

However, various analysts have investigated the proposed
research topic (i.e., packaging). Every research has illustrated
a specific conclusion, but few crevices had recognized in the
previous writings. These gaps explain that prior research has been

Frontiers in Public Health | www.frontiersin.org 2 February 2022 | Volume 9 | Article 82330771

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Sarfraz et al. Green Environment and Sustainability

limited to product features only, such as colors and graphics (21).
Despite the increasing importance of this subject in marketing,
the inconsiderable interest of scholars from the management
point of view had recorded (22). Unfortunately, this limited
research dealing with consumer behavior in the pharmaceutical
industry needs to address. As a result, consumer behavior
regarding product characteristics needs to be acknowledged.
From a strategic point of view, comprehensive research needs
to address the issue regarding the relationship between firms’
packaging strategy and its effect on consumer behavior (23, 24).

In recent years, eco-friendly packaging has gained
immense significance in the world’s healthcare sector. A
green environment in the healthcare industry enhances the
consumers’ consumption patterns, thereby fostering the demand
for protecting the environment. The green environmental tools
used by the marketers ensure the consumer’s psychological
well-being, thus leading them to make a favorable purchase
decision. However, research shows that the consumer demand
for a healthy environment has not been satisfied (25). Perhaps,
this study promotes green environment packaging, thereby
making the sustainability feature influencing the consumer
buying behavior.

The present consideration fulfills the research gap by
profoundly understanding the consumer purchase behavior
affected by the product packaging. Packaging does not
always have a positive effect on consumer buying intention.
Fundamentally, this study highlights the role of packaging and
labeling strategies in consumer buying behavior. The packaging
and labeling attributes signal the quality and performance of
the product, which in turn motivates sustainable consumer
behavior. Perhaps, this study incorporates the importance
of environmentally friendly practices appealing to health
professionals and institutes. In particular, the inherit study
aims to examine the relationship between packaging strategies
and consumer behavior to pharmaceutical reality. The study
takes into thought labeling strategy, influencing the consumer
purchase behavior. Indeed, to overcome the research hole,
this paper analyzes the mediating role of entrepreneurial
innovation in packaging and labeling strategies. It offers the
marketers to safeguard the environment through innovative
entrepreneurial activities, increasing the environmental
performance, thus affecting the consumption pattern of
individuals. Besides this, the investigation also discusses the
moderating role of (i.e., product traceability knowledge and
absorptive capacity) concerning entrepreneurial innovation and
consumer behavior.

Significantly, to achieve the goal, the first section sheds
light on the importance of the research topic. Further, Section
2 (i.e., literature review) investigates the research questions
by presenting various hypotheses in the light of previous
developments and researches. In the subsequent section, the
research model had applied to examine the study objectives.
Along with this, Section 4 presents empirical results while stating
the discussion part in Section 5. The last section (i.e., Section
6) concludes the study by discussing the research limitation
and encouraging future researchers to derive the work from
this study.

THEORETICAL BACKGROUND AND
HYPOTHESIS DEVELOPMENT

The second section illustrates the marketing conceptions from
the stakeholder perspective (i.e., producer and consumer), thus
discussing the impact of management strategies on consumer
buying behavior. This section aims to determine the definitions
and theories regarding the research topic. It reviews current
market practices and presents relevant material by broadening
the scope of the study. The proposed theoretical model
elucidates the overview of associations between the variables.
In the following section, the academic background had been
focused on while elaborating the intended terms: Packaging
Strategies, Labeling Strategies, Consumer Purchase Behavior,
Entrepreneurial Innovation, Product Traceability Knowledge,
and Absorptive Capability. Indeed, all the desired terms had
presented in the same sequence in this section.

Packaging Strategies and Consumer
Behavior
Consumers encounter various products in their everyday
lives. Products are fundamentally purchased based on the
characteristics (e.g., appearance, color, information, packaging,
labeling). Out of all product features, packaging plays an integral
role in stimulating consumer buying decisions. In the product
packaging, visual cues (e.g., color, size, information) assist the
consumer in buying decisions. The visual cues help the consumer
make the right decision at the point of purchase. It increases the
chances of product acceptance and consumption. In the product
packaging, the visual indicators positively impact the consumer
purchase decision, thus improving the consumer perception of
the health products. Indeed, packaging gains consumer attention
subsequently, altering consumer perception about the brand.

Product packaging tends to express one’s feelings. A change in
the product packaging (e.g., logo, color, information) alters the
consumer’s perception about the brand, making the consumers
ignore the brand. Therefore, an effective packaging strategy
establishes strong brand communication (26) while enabling
consumers to make the right purchasing choice. Likewise, recent
research states that organizations significantly adapt packaging
strategies, stimulating consumer purchase decisions (23).

The increasing significance of product packaging shows
that firms’ packaging strategies immensely influence consumer
purchase decisions. The packaging developments that are not
fully optimized lower the sales, thus adversely affecting consumer
buying behavior. Given the statement, the study shows that
firms’ packaging strategies enhance the buyers’ sensibilities
in forming a favorable purchase decision (27). The research
indicates that many companies have realized the importance of
packaging strategies to differentiate the product, thus providing
the customers with an optimum purchase experience (2).

Intelligent packaging strategies are a fundamental marketing
tool, driving consumers’ behavior. Packaging strategies allow
the manufacturers to shape the consumers’ expectations,
subsequently influencing their purchase choices (21). Hence,
the literature concludes that packaging strategies work as a
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differential tool, providing a great value to the manufacturers,
thus stimulating consumer buying behavior. Consequently, based
on the empirical researches, the hypothesis proposed is as follows.

H1: Packaging strategies positively influence consumer behavior.

Labeling Strategies and Consumer
Behavior
Brand labeling provides information about the product features.
It is a significant element in communicating the information
to the end-users (7). It involves a human cognitive process
that influences an individual’s feelings and actions regarding the
product purchase (28). This phenomenon is highly relevant in the
case of healthy products as it enables the consumer to identify and
evaluate the best options, leading to optimum decision-making.

The product label involves information about the product
name, date of expiry, date of manufacture, price, and ingredients.
While only judging the external packaging, consumers cannot
evaluate the intrinsic attributes (e.g., taste, ingredients, smell,
nutrition). In such circumstances, consumers use product labels
to judge the quality and performance of the product, ultimately
influencing the consumer’s purchase intention (29). Labeling
information enables the consumer to make healthier choices. The
potential information assists the consumer in making essential
evaluations while making a purchase decision (30). Similarly, a
significant association had recorded between the label strategy
and customers’ purchase of healthy products (8). Perhaps, the
label information (i.e., calorie, ingredients) documented on
health products allows the manufactures to record positive
consumer reactions (31).

Label information alters the consumers’ choices and
behaviors, encouraging them to pay for the healthier product
(32). The format of the label informationmotivates the consumer
to opt for healthy choices (33). The label characteristics and
consumer behavior alter the consumer preferences regarding the
product purchase (34). Label disclosure is an important strategic
element for consumers (35), extending the consumer interest in
the brand (36). Nowadays, manufacturers are recording detailed
label information (i.e., ingredients) on the product, thereby
assisting the consumer purchasing decisions (37).

In the pharmaceutical market, product composition (i.e.,
nutrition and ingredients) increases the product credibility.
The health labels on the drugs products create a positive
image of the brand. In support, this developed brand image
symbolizes the perceived healthiness of the product. The
consumer purchase intention largely depends on the consumers’
understanding of the health claims made on the product
packaging. The nutrition information cues make the consumer
perceive the product, healthful and reliable. The healthy claims
alter the consumer’s attitude, influencing the consumer buying
choices. This improved healthiness makes the consumer better
evaluate the product, thus recoding a positive consumer
response (9). Indeed, product labeling strategies provide
meaningful information to the consumer while enabling them
to make favorable purchasing decisions. Subsequently, the recent
finding suggests

H2: Labeling strategies positively influence consumer behavior.

Packaging, Labeling Strategies, and
Entrepreneurial Innovation
The rapid globalization had significantly expanded the request
to improve the transparency level across the supply chain
development (38), boosting the stakeholder trust within the
brand. This need for effective marketing strategies has intensified
the organizations’ responsibility to provide product-related
knowledge to consumers. This heightened demand for packaging
and labeling strategies has facilitated the use of new technologies
for entrepreneurial innovation (e.g., product tracking) for
facilitating transparent supply chain operations (39).

The entrepreneurial innovation practices ensure the
introduction of technological applications (i.e., blockchain
technology) to improve the transparency of supply chain
processes (40). In support, the study states that EI enhances
the packaging strategies while improving transparency (41),
thus stimulating customer buying behavior. Consumers
encounter various information, which in turn alters their
preferences. Buying behaviors largely depend on the health
and environmental consequences of the product performance.
Given the articulation, the study shows that organic labels on the
product packaging stimulate consumer purchase intention (42).
Indeed, the details on the label make the consumers change their
purchase decision (43). Therefore, the literature concludes

H3: Packaging strategies positively influence
entrepreneurial innovation.

H4: Labeling strategies positively influence
entrepreneurial innovation.

Entrepreneurial Innovation
New products create value for the consumers (44). As a
result, companies are continually innovating, providing value
to the end-users in the shape of product features (e.g.,
packaging, designs, functionality). In particular, entrepreneurial
innovation enhances consumer perceptions while encouraging
the customers to try the product (45). Product innovation
derived from entrepreneurial activities encourages marketers to
adopt novel ways to meet the stakeholders’ demands. It inspires
the firms to adapt to new features satisfying the consumers’
needs (46), subsequently influencing customers buying attitudes.
In particular, entrepreneurial innovation fulfill the needs of
consumers through product innovation. The EI improves the
quality of the product while making the consumers buy a
high-quality product. Perhaps, the modifications brought by
the EI significantly alter the consumer purchasing power by
adding valuable product characteristics (47). Consequently, the
hypothesis concludes.

H5: Labeling strategies positively influence consumer behavior.

Mediating Role of Entrepreneurial
Innovation
Innovation in packaging adds value to the product. In this new
millennium, the role of entrepreneurial innovation mediated by
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technological advancement is now gaining considerable attention
in production businesses (i.e., the pharmaceutical industry), thus
delivering the best quality products to the consumer.

However, global businesses have made the EI practices to
enhance product innovation. The EI transforms the production
activities, leading the firms to take advantage of the market
opportunities (48). The novel innovation (i.e., EI) strengthens
customer involvement (49). In support, a study shows that
consumer purchase behavior is influenced by the organizations’
innovation, thereby leading the firms to achieve competitive
advantage (50). Given the statement, research shows that
innovation in product packaging boosts the EI potential, thereby
improving the business competitiveness (51) and recording
proactive consumer behavior.

Over the years, the universe of packaging has gone through
numerous innovations and alterations. In the strategic role of
the product lifecycle, the packaging strategies influence the
consumers’ buying behavior. Packaging plays a vital role in
developing the consumer perception regarding the product
purchaser (52). Consumer perception constantly changes.
Therefore, marketers should continually innovate products
in various forms (e.g., sizes, color, packaging) to meet
consumer demand.

In the healthcare sector, health commodities are the
hope for humanity. Consumers seek information before
buying the product. Pharmaceutical products positively affect
consumers’ health (53). Consequently, the demand for health
products is immensely increasing. Perhaps, the growing
consumer demand requires EI in all aspects of healthcare.
Entrepreneurial innovation in pharmaceutical manufacturing
has a significant impact on consumers’ lives. The pharmaceutical
company driven by the EI has influenced the elements of
the product development (e.g., packaging, labeling) (54),
subsequently increasing the demand for the products. Indeed,
the product packaging strategies mediated by entrepreneurial
innovation form an essential element in driving the consumer
purchase decision.

Furthermore, research states that EI solutions develop new
techniques for satisfying consumer needs (55). The EI advances
the businesses, fundamentally delivering value to the customers,
thus taking advantage of entrepreneurial opportunities (56).
The firms’ labeling strategies develop a strong foundation of
entrepreneurial innovation, thus affecting consumer buying
behavior. In this regard, research illustrates that companies are
undertaking a high level of innovative practices (57), such as eco-
label strategy (58), while transiting the entrepreneurial intentions
into consumer positive buying behavior (59). Therefore, based on
the prior findings, the following hypothesis is developed.

H6: Packaging strategies and consumer behavior mediated by
Entrepreneurial Innovation.

H7: Labeling strategies and consumer behavior mediated by
Entrepreneurial Innovation.

Moderating Role of Absorptive Capacity
With the rapid evolution of globalization, the fierce increasing
competition has compelled organizations to develop and

implement innovative knowledge for business success.
Entrepreneurial innovation plays a critical role in exploring
potential business opportunities while constantly promoting
product innovation. Absorptive capacity illustrates the firm’s
ability to recognize and value the new knowledge, enabling
the innovative information to acquire market opportunities.
The knowledge application plays an essential role in achieving
organizational goals. The high absorptive capacity tends
to speed up the innovation process by minimizing the
risk-taking uncertainties (60), thereby encouraging the
consumers to make favorable purchasing decisions. Indeed,
the dynamic capability enables the companies to implement
the EI practices (61), allowing the consumers to make
informed decisions.

Moreover, the literature demonstrates that absorptive
capacity positively links entrepreneurial innovation capabilities
(20), making the organization realize the need for changing
consumer behavior (62). Perhaps, absorptive capacity
strengthens the dynamics of the information society (63),
making the entrepreneurial technological innovation enhance
consumer buying behavior. Perhaps, based on the prior studies,
the following hypothesis is concluded.

H8: Entrepreneurial innovation and consumer behavior
moderated by absorptive capacity.

Theory of Planned Behavior
Moreover, numerous theories are being used to describe patients’
medicine purchase behavior in literature linked with healthcare,
such as reasoned action theory (64) and planned behavior
(65, 66). However, they failed to describe consumers’ dynamic,
evolving and repetitive actions in their purchasing and use
of pharmaceutical products in detail. This is exacerbated
by the fact that current studies have been performed in
various contexts, restricting the observations of the under-
investigation phenomena and their functional significance for
other populations (67). However, there is a need for a new
model for pharmaceuticals to effectively deal with clinicians,
regulators, and patients. Following this, the current study is
aimed to examine the patient buying behavior in the presence of
drug labeling, packaging, and patient awareness. Figure 1 shows
study variables.

METHODOLOGY

This study used the quantitative method to measure the
packaging and labeling strategies, entrepreneurial innovation,
absorptive capacity, and consumer behavior. The target
population of this study in Chinese is based on buying health
products. Data was collected from consumers of different
cities of China; 1,000 questionnaires were distributed to
respondents but received 850, 148 questionnaires were not
adequately filled. The response rate is 70%. After that, 702
questionnaires were used in the analysis. Convivence sampling
method used to collect the data from consumers face to face
and electronically. This quantitative data was designed in
a questionnaire format. The respondents must answer all
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FIGURE 1 | Conceptual framework.

FIGURE 2 | Measurement model.

questions to assist progress in this quantitative data—adopted
questionnaire used as a research instrument to collect data
for the research. The study used the 5-point Likert scale
to measure the questionnaire’s items. The measurement of
packaging strategies questionnaire was adopted by (68). The
measurement of labeling strategies adopted by (69). In this study,
the entrepreneurial innovation measurement scale was adopted
by (70). the measurement scale of absorptive capacity adopted by
(71). The measurement scale of consumer behavior was adopted
by (72, 73).

This study used partial least squares structural equation
modeling (PLS-SEM) for analysis purposes. The research
model of this study contains first-order constructs. As
per statistical literature, the PLS-SEM is suitable software

to handle complications of such frameworks (74). The
analysis was done through three major processes of
Smart PLS: algorithms, bootstrapping and blindfolding
(74). The path between constructs was found to
be significant.

STUDY RESULTS

Measurement Model
Consistently, after selecting the software, the next step is a
measurement of composite reliability (Figure 2). It is suggested
by Hair et al. (74), the reliability value of constructs should be
above 0.7, and AVE should be higher than 0.5. In the case of the
Variance inflation factor (VIF), the values should be between 1
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TABLE 1 | Factors loading, CR, AVE, and Alpha values.

Weights

Items VIF Loading Cronbach’s

Alpha

rho_A Composite

reliability

Average

variance

extracted (AVE)

Consumer purchase behavior 0.839 0.879 0.881 0.599

CPB1 2.061 0.766

CPB2 2.176 0.843

CPB3 2.17 0.843

CPB4 1.641 0.627

CPB5 1.827 0.772

Entrepreneurial innovation 0.938 0.939 0.947 0.667

EI1 2.489 0.793

EI2 3.254 0.855

EI3 3.003 0.841

EI4 2.483 0.815

EI5 2.416 0.811

EI6 2.315 0.796

EI7 2.575 0.818

EI8 2.873 0.821

EI9 2.543 0.799

Labeling strategy 0.887 0.889 0.914 0.64

LS1 2.104 0.808

LS2 2.223 0.819

LS3 2.086 0.801

LS4 1.765 0.751

LS5 1.949 0.797

LS6 2.187 0.821

Package strategy 0.908 0.909 0.932 0.732

PS1 2.631 0.858

PS2 2.888 0.88

PS3 2.532 0.86

PS4 2.37 0.839

PS5 2.359 0.84

TABLE 2 | Fornell & Larcker.

Consumer

purchase

behavior

Entrepreneurial

innovation

Labeling

strategy

Package

strategy

Consumer

purchase behavior

0.774

Entrepreneurial

innovation

0.617 0.817

Labeling strategy 0.571 0.719 0.8

Package strategy 0.631 0.79 0.823 0.855

and 3. The preferable criteria indicate no collinearity issue (75).
The values obtained through smart pls algorithms are mentioned
in Table 1.

The discriminant reliability and validity of the model
are checked through heterotrait-monotrait ratio (HTMT) and

TABLE 3 | HTMT values.

Consumer

purchase

behavior

Entrepreneurial

innovation

Labeling

strategy

Package

strategy

Consumer purchase behavior

Entrepreneurial

innovation

0.643

Labeling strategy 0.617 0.895

Package strategy 0.678 0.854 0.915

Fornell-Larcker criterion (See Tables 2, 3). The Fornell-Larcker
criterion is one of the most used criteria to ensure discriminant
validity. It requires the maximum of values at the diagonal
level of the table (76). Another criterion of discriminant validity
is HTMT measurement. The studies suggest the discriminant
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FIGURE 3 | Structural model results.

TABLE 4 | Hypothesis testing.

Hypotheses Beta Standard deviation T-values P-values F square R2 Q2

Entrepreneurial innovation -> consumer purchase behavior 0.617 0.03 20.279 0 0.613 0.379 0.208

Labeling strategy -> entrepreneurial innovation 0.523 0.054 9.641 0 0.306

Package strategy -> entrepreneurial innovation 0.36 0.056 6.477 0 0.145

Labeling strategy -> entrepreneurial innovation -> consumer purchase behavior 0.322 0.036 9.067 0

Package strategy -> entrepreneurial innovation -> consumer purchase behavior 0.222 0.038 5.838 0

Absorptive capacity*entrepreneurial innovation -> consumer purchase behavior 0.676 0.075 9.077 0

*p < 0.05.

values of the study to be maximum at 0.9 and highest values at
the diagonal level. This study satisfies the criteria which indicate
the successful establishment of the validity of constructs (77).

Structural Model
The hypotheses of this study were analyzed through the
bootstrapping procedure, and all relationships were found to be
significant, as shown in the table and Figure 3. Furthermore,
the study measured the coefficient of determination (R2) which
measures the predictive powers of the model in a study. It is
measured as the correlation of the dependent variable’s actual
and predictive values (78). The acceptable value of R2 ranges
from 0 to 1. The values are higher from zero it indicating a

higher level of predictive accuracy (79). The value of R2 in
this study is 0.379, and it meets the required threshold. After
that, the study’s predictive relevance (Q2) is ensured through
blindfolding techniques through PLS-SEM and Stone–Geisser
criterion implemented. This technique is used to determine
sample predictive powers. The value of Q2 should be higher from
zero for reflective constructs indicating predictive relevance of
dependent variable and path’s model (80). The value of Q2 of
the proposed model is 0.208, meeting the accepted level (See
Table 4).

The study proposed the moderation of absorptive capacity.
The absorptive capacity has four dimensions: transformation,
exploitation, assimilation, and acquisition. The moderation is
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FIGURE 4 | Moderation analysis.

tested in second-order by using a repetitive indicator approach.
The analysis has found that absorptive capacity is significant
in the relationship between entrepreneurial innovation and
consumer purchase behavior. The moderation was found to
be significant at P < 0.05, beta value at 0.676, T-value 8.9,
and p-values 0.000 ensured the significance of moderation (See
Figure 4).

DISCUSSION

The previous literature shows that consumers used to make
a purchase decision based on the consumer characteristics
such as gender, income, ethnicity, and gender. Still, now
the time has changed where the consumers have become
more concerned about the product knowledge and appearance.
Potentially, this section helps understand the study results
in the light of prior literature. It discusses the significant
role of product packaging, entrepreneurial innovation, and
absorptive capacity influencing consumer preferences, choices,
and behavior.

Packaging is an influential factor driving consumer behavior.
It affects the consumer perception of the brand. Consumer
purchase behavior stimulated by various factors includes product
quality, price, and packaging. Out of all, the packaging is the
unique proposition fostering the consumer purchase intention.
In the illustration, the study shows that packaging elements (i.e.,
color, graphics, size) support the consumer buying decision (81).
Accordingly, the study findings show that packaging strategies
positively relate to consumers’ purchase intention. The results

had been found consistent with the previous studies. Packaging
portrays the knowledge of good to the consumer, making them
buy the product (21).

In healthcare, a rapid shift in consumer need requires
marketers’ attention. Consumers having health concerns may
prefer picking the sealed and unusable products. The healthy
labels on health products are a significant predictor of consumer
buying behavior. Product packaging develops a psychological
association with the consumers. Today, consumers are spending
more time assessing the written information on the packaging
due to the growing health concerns. Consumers use health-
related information and packaging as the fundamental tool
for supporting their purchase decision. Perhaps, expanding the
consumer awareness through product advancement makes the
consumer purchase the product. Given the statement, the study
shows that written cues on product labels encourage consumers
tomake careful decisions (82). Perhaps, this research is consistent
with the study findings that records a positive relationship
between the labeling strategies and consumer purchase intention.

Moreover, the study shows that entrepreneurial innovation
significantly enhances the value of pharmaceutical products
(54), subsequently improving consumer purchase choices.
Accordingly, our results indicate that entrepreneurial innovation
positively mediates the packaging and labeling strategies and
consumer purchasing behavior. Indeed, in light of the previous
studies, we conclude that entrepreneurial innovation develops a
positive relationship between packaging and labeling strategies
and consumer buying intention (47). Consistently, the study
findings revealed, absorptive capacity positively moderates the
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relationship between entrepreneurial innovation and consumer
purchasing behavior, which is also consistent with the previous
literature (20). Indeed, based on the study analysis, all the
hypotheses are significantly supported and accepted.

CONCLUSION

In today’s world of competition, packaging has changed the
business environment. In addition to buying high-quality
products, consumers are now showing concern toward the
product’s appearance and information. Significantly, packaging
and labeling strategies play a prominent role in enhancing
consumer purchase intention. The marketing strategies make
marketers design the product with attractive packaging.
Packaging makes the product appealing to the consumer (i.e.,
visual cues), while labeling assists the consumer in making the
right purchasing decision. These influential factors satisfy the
consumer needs, thus encouraging them to buy the product.
Moreover, to strengthen consumer buying, entrepreneurial
innovations have captured consumer attention. Due to the
rapid growth in fundamental marketing, most pharmaceutical
companies are now using entrepreneurial innovations and
absorptive capacity as an affirmative tool for driving consumer
purchase behavior.

Significantly, this work is presented as transformative
consumer research, maximizing consumer knowledge regarding
healthcare packaging and labeling strategies. Moreover, it
provides the marketers actionable insight into adopting
innovative marketing strategies, thus improving consumer
buying decisions. This study concluded that packaging and
labeling strategies are significantly associated with consumer
behavior. It considers the outcomes of consumer purchasing
behavior with small firms concerning mixing strategies.
Further, packaging strategies and labeling strategies have
a significant relation with entrepreneurial innovation; it
discovers new ways to gain the competitive edge by introducing
new and innovative strategies as the growing perspective of
firms. This research shows that entrepreneurial innovation
is mediated by packaging, labeling strategies, and consumer
behavior. The study’s results consider that entrepreneurial
innovation is the forerunner of pharmaceutical firms and
that entrepreneurial innovation is a mediator in achieving
these outcomes. The moderating role of absorptive capacity
significantly affects entrepreneurial innovation and consumer
purchasing behavior. The implications of the investigated model
with innovative marketing strategies give new insights for
managerial, policymakers, and research perspectives.

Study Implications
The study’s findings have various theoretical and practical
implications. First, this study motivates to add the literature
with investigating the packaging strategies, labeling strategies
with consumer behavior, and entrepreneurial innovation as
a mediator and absorptive capacity as a moderator. This
research helps the researcher to examine the important factors
in consumer purchasing behavior toward medicines. Second,
this research benefits policymakers, owners, and managers

in developing countries. Therefore, they must understand
firms’ packaging strategies and labeling strategies to ease
consumers’ purchasing. The current study suggests numerous
reasons to focus on packaging and labeling strategies, improve
the product quality, enhance the image of firms, gain the
advantage of competitiveness, conform with environmental
pressure, and seek new opportunities. Third, the findings
are related to policymakers in developing countries. To
inspire and provoke eco-friendlier and consumption and
production with packaging and labeling strategies are practical
by the policymakers. They can promote better products
and services by advising about health’s quality information
to use.

Indeed, in the light of this current study, a shared value
with the consumers, scholars, and practitioners is needed
in providing guidelines associated with the organizations’
packaging and labeling strategy. This exploration will inspire
the stakeholders (i.e., consumer, producer, manufacturer) to
design the product strategies, developing a positive association
of product information with purchasing behavior. Moreover,
the study recommends that manufacturers and producers
understand the consumer response toward the marketing
strategies by integrating the product design into innovative
packaging. Additionally, this study suggests that pharmaceutical
firms with inadequate resources will discover more packing and
labeling strategies programs. All in all, this study inspires future
researchers to formulate the studies for further examining every
aspect of packaging, labeling, and product knowledge affecting
consumer behavior.

Limitations and Future Studies
The current study has limitations with cross-sectional research;
future research would benefit from longitudinal research design
to measure the model over time. Second, the research was
conducted on packing and labeling strategies, entrepreneurial
innovation, absorptive capacity, and consumer behavior within
the specific sector. Future research should be conducted with
a new context with a new framework. Thirdly, this study is
conducted in a single country (China). Therefore, the researchers
should investigate these findings in other countries.
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In the epidemiological literature, the impact of environmental pollution on cardiacmortality

has been well documented. There is, however, a paucity of evidence on the impact

of air pollution exposure on ischemic heart disease (IHD) mortality among the Asian

aged population. In response, this research seeks to investigate the degree of proximity

between exposure to ambient PM2.5, household PM2.5, ground-level ozone (O3), and IHD

mortality in the top seven Asian economies with the highest aging rates. This investigation

is held in two phases. In the first phase, grey modeling is employed to assess the degree

of proximity among the selected variables, and then rank them based on their estimated

grey weights. In addition, a grey-based Technique for Order of Preference by Similarity to

Ideal Solution (G-TOPSIS) is adopted to identify the key influencing factor that intensifies

IHD mortality across the selected Asian economies. According to the estimated results,

South Korea was the most afflicted nation in terms of IHD mortality owing to ambient

PM2.5 and ground-level O3 exposure, whereas among the studied nations India was the

biggest contributor to raising IHD mortality due to household PM2.5 exposure. Further,

the outcomes of G-TOPSIS highlighted that exposure to household PM2.5 is a key

influencing risk factor for increased IHD mortality in these regions, outweighing all other

air pollutants. In conclusion, this grey assessment may enable policymakers to target

more vulnerable individuals based on scientific facts and promote regional environmental

justice. Stronger emission regulations will also be required to mitigate the adverse health

outcomes associated with air pollution exposure, particularly in regions with a higher

elderly population.

Keywords: air pollutants, PM2.5, ground-level ozone, ischemic heart disease, grey modeling, G-TOPSIS, elderly,

Asia

INTRODUCTION

Environmental pollution is evolving as one of the most critical environmental challenges of the
21st century, and its consequences are becoming more visible with time. During the last several
decades, it has had a significant impact on human health and longevity, and it is now considered
among the most major environmental threats to public health (1). More than 5.5 million people
expire prematurely each year as a consequence of diseases induced by inhaling contaminated air. It
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kills nearly six times as many people as malaria and nearly four
times as many as HIV (2). Roughly one of every 10 fatalities
globally is linked to hazardous air pollutants and mitigating the
impact of pollution could save about 13 million lives each year
(3). Air pollution is presently attributable to one-third of all
fatalities from heart diseases, lung cancer, and chronic respiratory
diseases (CRDs). Additionally, theWHO reports that almost 90%
of the population in low- and middle-income countries (LMICs)
do not have access to clean air (2). The problem appears to be
even worse in developing nations, which are home to some of the
world’s fastest growing metropolitan areas (4, 5).

Asia inhibited 60% of the global population, including
several emerging economies. Deaths from ischemic heart diseases
(IHDs) are more in Asia than in Western Europe, the USA,
and Australia (6). As a result of the rising number of aging
populations, Asia is the region particularly affected by the
increasing incidence and mortality from cardiovascular diseases
(CVDs) (7, 8). It has been confirmed that particulate matter
and all air pollutants are causing the risk of increased hospital
admissions for IHDs among the elderly. Exposure to ambient
air pollutants is considered to be riskier for older people and is
more likely to exacerbate cardiac events in older adults than in
the young population (9, 10). As a result of rapid industrialization
and urbanization, Asian economies have seen an increase in their
elderly populations, as well as changes in lifestyle and diet habits
(11–14). Consequently, cardiac risk factors are growing among
Asian people, making them more susceptible to CVDs. There are
ways to minimize the prevalence of this disease by recognizing
and improving risk factors in aging societies.

Several epidemiological pieces of research have confirmed a
substantial link between acute and chronic effects of air pollutants
and CVDs (15–18). In this respect, the WHO and several other
public and private organizations have established health-based
air quality guidelines for particulate matter and surface O3

due to mounting evidence that these pollutants can cause a
variety of adverse health outcomes. Technical assessments of the
advantages of air quality initiatives or public policies governing
pollutant concentrations have become an increasingly essential
element of national decision-making strategies. Particulate
is a combination of solid and liquid nanoparticles and its
chemistry and size can fluctuate; its concentration is a worry
in metropolitan areas. Particulate matter is emitted by mobile
sources such as vehicles, motorcycles, mini-buses, and trucks, as
well as stationary sources such as gas furnaces, power stations,
and industries (19, 20). Ground-level ozone (O3) is one of
the most dangerous toxic constituents of photochemical air
pollution, and it has been linked to an increase in cardiac and
respiratory mortality (21, 22). Despite the fact that air pollution
is a primarily urban concern, various worldwide studies have
shown evidence that reducing air pollution exposure corresponds
to less negative health outcomes (23, 24). This conclusion has
compelled policymakers to address the issue of air pollution at
a time when the significance of sustainable development and its
environmental impact on public health is becoming more widely
recognized across the globe.

In view of the importance, a plethora of research and analytic
approaches are being used throughout the world to evaluate

the association between disease mortality and air pollution
exposure. However, there is a scarcity of evidence connecting
to air pollution exposure and the risk of IHD mortality in the
older population in Asian countries with higher aging rates.
The scant evidence has made determining the real situation
in these areas extremely challenging. With this in mind, the
present research attempts to fill literature gaps by investigating
the relationship between exposure to ambient PM2.5, ground-
level O3 exposure, household PM2.5 exposure, and IHDmortality
in the elderly population of the top seven Asian nations (Japan,
South Korea, Thailand, China, Sri Lanka, India, and Nepal)
with the highest aging rate. However, by considering all of
these regions together with a wide variety of air pollutants
associated with IHD mortality, we may be able to present a more
comprehensive spectrum of the relationships. To investigate this
connection, we utilized an advancedmathematical grey relational
analysis (GRA) modeling of grey system theory (GST), which
included Deng degree of GRA, absolute degree of GRA, and the
second synthetic degree of GRA. The GRAmodels provide many
advantages when contrasted with standard statistical models.
For instance, they exhibit a greater precision and may yield
reliable outcomes even with small sample size. In addition,
this study also employed a grey-based Technique for Order of
Preference by Similarity to Ideal Solution (G-TOPSIS) to identify
the key influencing factor that intensifies cardiac mortality across
the selected Asian nations. The proposed methodologies are
more appropriate when contrasted with other techniques for
convincing outcomes and assisting with avoiding endogeneity
issues. The suggested model provides a significant tool and a
source of additional pragmatic insights for policymakers and
decision makers in drawing rational decisions to reduce air
pollution and mortality in these regions.

MATERIALS AND METHODS

Data Source
For the present analysis, the annual time series data for the
period of 2010–2019 are utilized. Information on IHD mortality
(reference sequence) against each selected Asian country was
extracted from the Global Burden of Disease study, harmonized
by the Institute for Health Metrics and Evaluation (IHME),
and is publicly accessible online (25). In addition, data on
the population-weighted exposure (comparative sequence)
to ambient PM2.5 concentrations (µg/m3), ground-level
(tropospheric) O3 concentrations (ppb) exposure, and household
PM2.5 concentrations exposure (µg/m3) were taken from the
State of Global Air report (2010–2019) (26). These parameters
are estimated as the national population’s average exposure
levels (urban and rural regions) to mean annual concentrations
of PM2.5 and O3, separately. To evaluate PM2.5 exposures, the
GBD scientist combines the number of people living in a specific
region and PM2.5 concentrations to which they are exposed. O3

exposures were evaluated by combining the number of people
living in a specific region and the surface O3 concentration
to which they are exposed. This method determines human
exposure to air pollutants in terms of the population-weighted
average seasonal 8-h daily maximum concentrations for a
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specific region. All data analyses are executed in SPSS (v26,
IBM, NY, USA), while the graphical representation and study
framework are handled in Microsoft Excel (2019) and Microsoft
Visio (2019), respectively.

Grey Relational Decision Analyses

Grey relational analysis methods are one of the core area subjects
of GST, which was introduced by Deng Julong, a Chinese scholar,
in 1982 (27) to manage dubious systems with limited input.
GST belongs to the category of uncertainty theories, which also
incorporates rough set theory, fuzzy theory, interval theory,
and other related theories. Additionally, GST, as led by its
methodology, addresses the vulnerability in a manner distinct
from previous vulnerability speculations. GST categorizes the
world’s systems into three different groups, which are white,
black, and grey. If there is no information provided, it refers
to black data. Whereas, if complete information is accessible,
it is described as white data or structure. Thusly, a GS turns
into a framework that is partially known and rather cryptic
(28–30). GST and its related models are well known for their
potential to predict and make choices based on smaller sample
sizes and poor and inadequate data. The GRA models attempt
to grasp unclear correlations between GST features. The general
concept behind GRA is the degree of proximity (correlation) of
the geometrical framework of the data series suggests that the
structure parameters may be used to predict the proximity of a
link among the system variables. This proximity is referred to as
a correlation in the literature. Deng’s GRA (D-GRA), absolute
GRA (A-GRA), and second synthetic GRA (SS-GRA) are the
three components of the GRA model. In essence, the D-GRA
model assesses the effect of one variable reflected by a data set on
the other, whereas the A-GRA model evaluates the relationship
between the two. Moreover, the SS-GRA model estimates an
overall measure of the relationship among the parameters under
consideration. A comprehensive review of GRA models can be
found in the work of Liu et al. (31). The algorithms involved with
the grey methods are explained in the following sections.

Deng’s GRAModel
Let Yi =

(

yi(1), yi(2), · · · , yi(m)

)

be the basic/reference
sequence addressing a dependent variable and Yj =
(

yj(1), yj(2), · · · , yj(m)

)

be the arrangement of comparative
sequences addressing independent variables, in the wake of
going through initialing an operator, then, at that point grey
relational gradient (GRG), the real number degree addressing
the output of GRA model is depicted as γij or γ

(

Yi , Yj

)

and can
be accompanied by:

γ
(

Yi , Yj

)

=
1

m

m
∑

h=1

γ

(

yi(h), yj(h)

)

where

γ

(

yi(h), yj(h)

)

=
minkminh

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣
+ ζ maxkmaxh

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣
+ ζ maxkmaxh

∣

∣

∣
yi(h) − yj(h)

∣

∣

∣

.

Here, ζ ǫ (0, 1) represents a distinguishing coefficient, and its
value is generally considered to be ζ = 0.5. The implementation
of the D-GRA model for evaluating the effect of one
parameter/variable on another has been highlighted in the
literature (32–34).

A-GRAModel
If Yi =

(

yi(1), yi(2), · · · , yi(m)

)

and Yj =
(

yj(1), yj(2), · · · , yj(m)

)

are the two data sequences representing two variables associated
with a system, then the algorithm to calculate the bidirectional
absolute grey relational gradient (A-GRG) is listed as follows:

ǫij =
1+ |ri| +

∣

∣rj
∣

∣

1+ |ri| +
∣

∣rj
∣

∣ +
∣

∣ri − rj
∣

∣

,

where

ri =
m
∫

1

Y0
i dt, rj =

m
∫

1

Y0
j dt, ri − rj

=
m
∫

1

(

Y0
i − Y0

j

)

dt

Y0
i =

(

y0i(1), y
0
i(1) , · · · , y

0
i(m)

)

Y0
j =

(

y0j(1), y
0
j(1) , · · · , y

0
j(m)

)

Y0
i(h) = yi(h) − yi(1) and Y0

i(h)
= yi(h) − yi(1)

h = 1, 2, · · · ,m.

SS-GRAModel
The SS-GRA model is an approach to estimate second synthetic
grey relational gradient (SS-GRG) and can be acquired by
utilizing the accompanying equation.

℘ = ϑǫij + (1− ϑ) γij ϑǫ [0, 1]

where ℘ stands for the SS-GRA, ′′ǫ′′ for the A-GRA, and ′′γ ′′

for the D-GRA between the two grey data sets Yi and Yj. When a
decisionmaker desires a holistic assessment that evenly integrates
the benefits of both ′′ǫ′′and ′′γ ′′ without preferring one over the
other and may keep ϑ at 0.5 (35). In the case of preferring is
fundamental, then, at that point, the value of ′′ϑ ′′ can be adjusted.
In the event that one desires to prefer ′′γ ′′, then ′′ϑ ′′ can be
diminished, and assuming one desires to prefer ′′ǫ,′′ then ′′ϑ ′′ can
be increased. In the present investigation, we thought of ϑ = 0.5.

Grey Numbers
A grey number represents an interim with unspecified
information but a well-defined range of possibilities, which
is depicted by a sign ⊗. In the GST, there are multiple forms
of grey numbers; however, the present study introduces the
following three forms:

Description 1: If ⊗E represents a grey number whose lower
limit can only be evaluated, it is termed as a grey number with a
lower limit only and is expressed as⊗E = [E,∞).

Description 2: If ⊗E is a grey number whose upper limit can
only be evaluated, it is termed as a grey number with an upper
limit only and is expressed as⊗E = (∞, Ē].
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Description 3: If ⊗E represents a grey number whose lower
and upper limits can only be evaluated, it is termed as an interval
grey number, which is expressed as⊗E = (E, Ē].

Let⊗ E =
[

E, Ē
]

and⊗H =
[

H, H̄
]

are the two grey numbers,
then arithmetic operations ought to be composed in a manner
as follows:

⊗E+⊗H =
[

E+H,E− H̄
]

⊗E−⊗H = ⊗E+ (−⊗ H) =
[

E− H̄, Ē− H̄
]

⊗E×⊗H =
[

Min
{

EHĒH̄ĒHEH̄
}

Max
{

EHĒH̄ĒHEH̄
}]

⊗E

⊗H
= ⊗E×⊗H−1 =

[

Min

{

E

H

E

H̄

Ē

H

Ē

H̄

}]

Max

{

E

H

E

H̄

Ē

H

Ē

H̄

}

The length of the grey number ⊗E =
[

E, Ē
]

is introduced in the
following equation:

R (⊗E) = Ē− E

If there are two grey numbers⊗E =
[

E, Ē
]

and⊗H =
[

H, H̄
]

, the
degree of grey synthetic assessment between these two numbers
can be estimated by utilizing the following expression:

P {⊗E ≤ ⊗H} =
Max

{

0,R∗ −Max
(

0, Ē,H
)}

R∗
,

where R∗ = R (⊗E) + R (⊗H) .

G-TOPSIS Method

Huang and Yun proposed the TOPSIS idea in 1981, in which “n”
alternatives are evaluated using an “m” number of criteria. The
main goal of the TOPSIS method is to find +ve and -ve ideal
solutions (variants) to a situation that have the greatest relative
proximity to the pattern (+ve) and the least relative proximity to
the anti-pattern (-ve). The+ve ideal solution portrays an increase
in the response variable, while the -ve ideal solution portrays
a decline in the response variable. Because data are not always
precise in reality, the grey theory (GT) is employed to account
for ambiguities. As new techniques emerge, the TOPSIS method
continues to evolve. We employed this approach in conjunction
with grey numbers from the GST in the current investigation.
This technique is solved using the steps listed as follows (36–38).

Stage 1: Initially, grey numbers with the accompanying values
are assigned to verbal judgments of criteria significance by the
decision-makers: highly insignificant [0.0, 0.2], insignificant [0.2,
0.4], moderately significant [0.4, 0.6], significant [0.6, 0.8], and
highly significant [0.8, 1.0] (39).

Stage 2: We use the arithmetic mean technique to aggregate
the results after determining the level of significance of the
decision-making criteria (h) by assuming the number of decision
makers as p:

⊗wh =
1

p

[

⊗w1
h +⊗w2

h + · · · + ⊗w
p

h

]

,

where :⊗w
p

h
=

[

wip , w̄
p

h

]

.

Stage 3: To establish the state of each of the criteria, the linguistic
variables ought to be employed. The score of alternative k in the
criteria h is determined by the accompanying relation, presuming
that the frequency of decision makers is p:

⊗Rkh =
1

p

[

⊗R1kh +⊗R2kh + · · · + ⊗R
p

kh

]

where ⊗R
p

kh
,
(

k = 1, 2, · · · , n; h = 1, 2, · · · ,m
)

is an estimation
of the criterion by the pth decision maker, which is displayed in a

structure by a grey number:⊗R
p

kh
=

[

R
p

kh
, R̄

p

kh

]

.

Stage 4: In the fourth stage, constructing the grey decision
matrix in the following structure:

⊗R =











⊗R11 ⊗R11 · · · ⊗R1m
⊗R21 ⊗R11 · · · ⊗R2m
...

...
. . .

...
⊗Rn1 ⊗Rn2 · · · ⊗Rnm











.

Stage 5: Established the normalized grey decisionmatrix in the
accompanying structure:

⊗R∗ =











⊗R∗11 ⊗R∗12 · · · ⊗R∗1m
⊗R∗21 ⊗R∗22 · · · ⊗R∗2m
...

...
. . .

...
⊗R∗n1 ⊗R∗n2 · · · ⊗R∗nm











.

If the variable attribute is beneficial, the normalization equation
is as follows:

⊗R∗kh =

[

Rkh
Rmax
h

,
R̄kh

Rmax
h

]

, and Rmax
h = max

1≤k≤m

{

R̄kh
}

.

And, on the off chance that the variable attribute
is non-beneficial, the data are normalized using the
accompanying equation.

⊗R∗kh =

[

Rkh
Rmin
h

,
R̄kh

Rmin
h

]

, and Rmin
h = min

1≤k≤m

{

R̄kh
}

The grey matrix’s range will remain within [0, 1]
after normalization.

Stage 6: Assemble the weighted normalized grey decision-
making matrix in the accompanying structure:

⊗R∗ω =











⊗C11 ⊗C12 · · · ⊗C1m

⊗C21 ⊗C22 · · · ⊗C2m

...
...

. . .
...

⊗Cn1 ⊗Cn2 · · · ⊗Cnm











, whereCkh = ⊗ R∗kh ×⊗ωh.

Stage 7: Determine the ideal solution based on the
assumption that given the set of “n” prospective alternatives
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TABLE 1 | Grey assessment between ischemic heart disease (IHD) mortality and

exposure to household PM2.5.

Indicators Deng GRA Absolute GRA SS-GRA

Japan 0.7515 0.7601 0.7558

South Korea 0.7894 0.8104 0.7999

Thailand 0.6764 0.6788 0.6776

China 0.8004 0.8224 0.8114

Sri Lanka 0.8428 0.8444 0.8436

India 0.8817 0.9001 0.8909

Nepal 0.6999 0.7013 0.7006

Ranking

sequence

India > Sri Lanka > China > South Korea > Japan > Nepal >

Thailand

TABLE 2 | Grey assessment between IHD mortality and exposure to ambient

PM2.5.

Indicators Deng GRA Absolute GRA SS-GRA

Japan 0.8336 0.8340 0.8338

South Korea 0.8899 0.9119 0.9009

Thailand 0.5999 0.6019 0.6009

China 0.8501 0.8709 0.8605

Sri Lanka 0.6798 0.7014 0.6906

India 0.7969 0.8005 0.7987

Nepal 0.7296 0.7532 0.7414

Ranking

sequence

South Korea > China > Japan > India > Nepal > Sri Lanka >

Thailand

V = {V1, V2, V3, · · · , Vn} , that pattern Vmax should be
identified as follows:

⊗Vmax =
{

⊗Cmax
1 ,⊗Cmax

2 , · · · ,⊗Cmax
m

}

where,Vmax =

{

[

max
1≤k≤n

C−
k1
, max
1≤k≤n

C̄k1

]

,

[

max
1≤k≤n

C−
k2
, max
1≤k≤n

C̄k2

]

, · · · ,
[

max
1≤k≤n

C−
kn
, max
1≤k≤n

C̄kn

]

}

.

Stage 8: Determine the anti-ideal solution based on the
assumption that given the set of “n” prospective alternatives
V = {V1, V2, V3, · · · , Vn}, the anti-pattern Vmin should be
identified as follows:

⊗Vmin =
{

⊗Cmin
1 ,⊗Cmin

2 , · · · ,⊗Cmin
m

}

where Vmin =

{

[

min
1≤k≤n

C−
k1
, min
1≤k≤n

C̄k1

]

,

[

min
1≤k≤n

C−
k2
, min
1≤k≤n

C̄k2

]

, · · · ,
[

min
1≤k≤n

C−
kn
, min
1≤k≤n

C̄kn

]

}

.

TABLE 3 | Grey assessment between IHD mortality and exposure to ground-level

ozone (O3).

Indicators Deng GRA Absolute GRA SS-GRA

Japan 0.8350 0.8522 0.8436

South Korea 0.8731 0.8875 0.8803

Thailand 0.7387 0.7505 0.7446

China 0.8022 0.8206 0.8114

Sri Lanka 0.6425 0.6777 0.6601

India 0.7028 0.7214 0.7121

Nepal 0.5898 0.6112 0.6005

Ranking

sequence

South Korea > Japan > China > Thailand > India > Sri Lanka >

Nepal

TABLE 4 | Definition of the decision parameters.

Criteria (Countries) Notations Alternatives (risk

factors)

Notations

Japan P1 Exposure to

ambient PM2.5

RF-1

South Korea P2 Exposure to

ground-level

ozone (O3)

RF-2

Thailand P3 Exposure to

household PM2.5

RF-3

China P4

Sri Lanka P5

India P6

Nepal P7

Stage 9: Estimate the distances between the alternatives under
consideration, as well as the ideal (Vmax) and anti-ideal (Vmin)
solutions, employing the following formulas:

D+
h
=

m
∑

h=1

D
(

Ckh, C
max
h

)

and D−
h

=
m

∑

h=1

D
(

Ckh, C
min
h

)

for h = 1, 2, · · · , m;

where D (⊗CA,CB) =
√

1
2

[

(CA − CB) +
(

C̄A − CB

)]

.

Stage 10: Create a synthetic assessment metric for variations Dk

based on the relative proximity of variant evaluations to the ideal
and anti-ideal solutions:

Dk =
D−
k

D+
k
+ D−

k

, k = 1, 2, 3, · · · , n.

The closer the value of the measure is to 1, the minimal the
interval of the assessment of the variant away from the ideal
solution (D+

k
), and, simultaneously, the maximum the interval

away from the anti-ideal solution
(

D−
k

)

.
Stage 11: Then, in decreasing order, generate a rating for

“n” alternatives based on linear streaming synthetic assessment
metrics. The alternative with the lowest degree of grey synthetic
evaluation will end up contributing more adversely to the
response variable.
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FIGURE 1 | Grey relational assessment of ischemic heart disease (IHD) mortality and exposure to household PM2.5.

FIGURE 2 | Grey relational assessment of IHD mortality and exposure to ambient PM2.5.

RESULTS

The current study utilized the grey relational methodologies to
assess the degree of proximity between exposure to household
PM2.5, ground-level O3 exposure, exposure to ambient PM2.5,

and IHD mortality for 2010–2019 in the selected regions
(Japan, South Korea, Thailand, China, Sri Lanka, India, and
Nepal) for the elderly populace. Tables 1–3 demonstrate the
findings of grey relational models, namely, the D-GRA, A-
GRA, and the SS-GRA for IHD mortality with associated
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FIGURE 3 | Grey relational assessment of IHD mortality and exposure to ground-level ozone (O3).

FIGURE 4 | The ranking order of selected Asian countries is based on grey relational analysis (GRA).

factors. The A-GRA and the SS-GRA models have a scale
ranging from [0, 1], while D-GRA has a scale ranging
from [0.5, 1]. If the estimated value is close to 1, it is
considered significantly associated and if it diverges from 1,
it is considered to be weak. Table 4 shows the notations

for the decision parameters. Figures 1–3 show a graphical
representation of the GRA assessment between the studied
variables and the air pollutants exposure. In addition, the
ranking sequence based on GRA assessment can be seen in
Figure 4.
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Table 1 summarizes the relationship between IHD mortality
in the elderly and exposure to household PM2.5 in the selected
nations using GRA models. According to D-GRA findings,
the measure of influence is seen to be stronger in the case
of India with an estimated weight of 0.8817 due to exposure
to household PM2.5, followed by Sri Lanka and China. Given
the determined weights for A-GRA, though the same sequence
appeared to be yet the measure of association was shown up
exceptionally high for India (0.9001) when compared with the
rest of the countries. Notwithstanding, Thailand (0.6788) and
Nepal (0.7013) are viewed as the less significant nations under
grey relational assessment of exposure to household PM2.5 on
IHD mortality among the selected regions. Overall, the strength
of the relationship is significantly more grounded for India with
the grey relational weight of 0.8909, suggesting that exposure to
household PM2.5 has a considerable influence on IHD mortality
in its elderly population, followed by Sri Lanka (0.8436) and
China (0.8114).

Moreover, as indicated by D-GRA model findings, a more
grounded measure of influence between exposure to ambient
PM2.5 and IHD mortality in the elderly populace of South Korea
(0.8899) is observed whereas the most fragile level of influence is
seen for Thailand (0.5999). The higher impact measure portrays
that the factors are unequivocally interconnected with one
another if there should arise an occurrence of IHD mortality.
Then again, the same succession showed up from the findings
of the A-GRA model. The degree of correlation is found to
be much higher in the case of South Korea for IHD mortality
against ambient PM2.5 exposure with an estimated weight of
0.9119 when contrasted with the rest of the countries. At a more
aggregate level, as per SS-GRA findings, exposure to ambient
PM2.5 concentration is distinguished as a major contributor in
accelerating IHD mortality in the elderly populace of South
Korea. The greater degree of inclusive proximity between IHD
mortality and the risk factor ambient PM2.5 concentrations
portrays a significant association of those variables with each
other (Table 2). Next to South Korea, the elderly population of
China appeared to be more affected due to exposure to ambient
PM2.5 concentrations with an estimated weight of 0.8605, and
ranked second, trailed by Japan (0.8338) and India (0.7987) with
comparatively less intensity.

Exposure to ground-level (surface) O3 concentration
potentially exacerbates a multitude of health complications,
including cardiovascular illnesses. Ground-level O3

concentrations are expected to rise in many regions of the
world, resulting in an upsurge in O3-related deaths and
morbidities (40). As per D-GRA findings, South Korea (0.8731)
has appeared with the strongest influence between ground-level
O3 exposure and mortality related to IHD, while the weakest
influence is viewed for Nepal (0.5898). South Korea (0.8875)
acquired the highest association led by Japan (0.8522) and China
(0.8206) based on the results of A-GRA (Table 3). Again, the
most fragile measure of correlation was found in Sri Lanka and
Nepal, which demonstrate that these countries have the least
share of disease burden due to ground-level O3 concentrations
within the selected regions. Overall, the estimates from the
SS-GRA model uncovered that among the selected economies,

South Korea (0.8803) gives off an impression of being the culprit
for increased IHD mortality attributable to ground-level O3

exposure in its elderly populace trailed by Japan and China.

G-TOPSIS Analysis
We implemented G-TOPSIS to measure and rank the intensity
of the explanatory variables (exposure to household PM2.5,
exposure to ground-level O3, exposure to ambient PM2.5) on
mortality from stroke and IHD for all the selected countries.
We transformed the decision criteria into grey numbers through
linguistic variables and then built a standardized grey decision
matrix against each of the explanatory factors across all regions
independently. After evaluating the weights for each criterion
(countries), we then built a weighted normalized grey decision
matrix (Table 5). Based on that, we determined the patterns for
the ideal (RFmax) and anti-ideal (RFmin) solutions.

Using the findings in Table 5, we computed distances of the
alternatives (RF-1, RF-2, and RF-3) from ideal and anti-ideal
patterns against each criterion (countries), which are presented
in Table 6.

Based upon the calculated distances (Table 6), we established
grey synthetic assessment measures of the risk factors (RF-1, RF-
2, and RF-3) for mortality from stroke and IHD (Table 7) and
then created a ranking pattern in a descending order, which can
be seen in Table 7.

Based on the outcomes of the G-TOPSIS synthetic assessment,
an interesting ranking sequence appeared for IHD mortality.
Therefore, it is concluded that exposure to household PM2.5

(0.40) gives off an impression of being the worst factor in
escalating mortality associated with IHD trailed by ground-level
O3 exposure (0.52) and ambient PM2.5 exposure (0.57). The use
of multi-criteria decision analysis (MCDA) approaches in the
current study will support public health policymakers in making
decisions on the best strategy to reduce cardiac mortality in the
targeted regions by focusing on the worst factors. The graphical
representation of grey based TOPSIS assessment can be seen in
Figure 5.

DISCUSSION AND CONCLUSIONS

To confront the environmental impact on public health, the
present study takes a step forward in investigating the degree
of proximity between exposure to ambient PM2.5, household
PM2.5, ground-level O3, and IHD mortality among the top seven
Asian countries with the highest rate of the elderly population,
employing the time-series data for the period 2010–2019. This
research has been carried out using three grey relation models D-
GRA, A-GRA, and SS-GRA models, which may be implemented
as a viable alternative to conventional data analysis approaches.
According to GRA findings, South Korea appeared to be one of
themost affected Asian regions due to exposure to ambient PM2.5

and ground-level O3 in terms of IHDmortality. In contrast, India
showed up as the biggest contributor of IHD mortality among
the studied economies owing to household PM2.5 exposure. In
addition, the findings of G-TOPSIS highlighted that, among the
chosen parameters (risk factors), exposure to household PM2.5
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TABLE 5 | Building a grey decision matrix for cardiac mortality.

P1 P2 P3 P4 P5 P6 P7

IHD mortality

Normalized grey decision matrix

RF-1 [0.45,0.83] [0.26,0.90] [0.40,1.00] [0.64,0.96] [0.44,0.88] [0.47,1.00] [0.42,0.92]

RF-2 [0.30,0.75] [0.25,0.75] [0.62,1.00] [0.59,1.00] [0.48,1.00] [0.55,0.88] [0.44,0.82]

RF-3 [0.37,1.00] [0.44,0.85] [0.50,0.88] [0.53,0.78] [0.29,0.65] [0.36,0.77] [0.76,1.00]

Weighted normalized grey decision matrix

RF-1 [0.28,0.66] [0.15,0.65] [0.28,0.88] [0.44,0.79] [0.30,0.77] [0.33,0.88] [0.31,0.74]

RF-2 [0.19,0.60] [0.15,0.54] [0.43,0.88] [0.40,0.82] [0.33,0.88] [0.39,0.77] [0.33,0.66]

RF-3 [0.23,0.80] [0.26,0.61] [0.35,0.77] [0.36,0.64] [0.20,0.57] [0.25,0.68] [0.56,0.80]

Ideal and anti-ideal patterns

RFmax [0.28,0.80] [0.26,0.65] [0.43,0.88] [0.44,0.82] [0.33,0.88] [0.39,0.88] [0.56,0.80]

RFmin [0.19,0.60] [0.15,0.54] [0.28,0.77] [0.36,0.64] [0.20,0.57] [0.25,0.68] [0.31,0.66]

TABLE 6 | Estimated distances of the alternatives (RFh) from the ideal and anti-ideal pattern.

D+

RF-1 0.07 0.06 0.08 0.02 0.07 0.03 0.16

RF-2 0.15 0.11 0.00 0.02 0.00 0.06 0.19

RF-3 0.03 0.02 0.10 0.13 0.22 0.17 0.00

D−

RF-1 0.08 0.06 0.06 0.12 0.15 0.14 0.04

RF-2 0.00 0.00 0.13 0.11 0.22 0.12 0.01

RF-3 0.12 0.09 0.04 0.00 0.00 0.00 0.20

TABLE 7 | Estimated grey degree of synthetic assessment.

Parameters
∑

D+

k

∑

D−

k

∑

D+

k
+

∑

D−

k
D(Ah) =

∑

D−

k
∑

D+

k
+

∑

D−

k

Optimal solution

IHD

RF-1 0.49 0.65 1.14 0.57 Max

RF-2 0.53 0.59 1.12 0.52

RF-3 0.67 0.45 1.12 0.40 Min

Ranking Exposure to ambient PM2.5 > Exposure to ground-level ozone (O3) > Exposure to household PM2.5

concentrations is the most potential risk factor in raising IHD
mortality across the selected Asian economies.

Given the rapid growth in the aging population of South
Korea, the morbidity and mortality associated with IHD in
the elderly are escalating (41). In our analysis, exposure to
ambient PM2.5 and ground-level O3 appeared as a potential
contributor to IHD mortality in the population of South Korea
when compared with the rest of the selected Asian nations.
The outcomes of our study are both consistent and conflicting
with previous epidemiological studies, which investigated these
associations using traditional statistical approaches, but our study
differs from amethodological standpoint in that we evaluated the
degree of proximity among the selected variables while keeping
endogeneity issues in mind. The assessment of the degree of
proximity is higher for the elderly in South Korea. Particulate air
pollutants (PM2.5, PM1, or PM10) provide the most compelling
evidence for the influence of air pollutants on mortality. In a

study conducted in Singapore, PM2.5 had a substantial influence
on cardiac mortality in the elderly but not in the non-elderly
when compared to other air pollutants such as carbon monoxide
(CO), nitrogen dioxide (NO2), and surface O3 (42). Significant
correlations between particulate matter exposure and different
short- and long-term cardiac health outcomes for the elderly
were revealed in the review research conducted between 1991 and
2016. The American Heart Association (AHA) emphasized the
clinical relevance for academics and healthcare practitioners in
a much more extensive analysis of the recent findings associated
with particulate matter exposure to CVD. Long-term exposure
to PM2.5 has been demonstrated in studies to induce IHD-
related mortality and nonfatal incidents and may exacerbate
the detrimental effects on microvascular functioning and an
increased risk of IHD mortality (43, 44). Reduced particulate
matter concentrations, however, are related to reductions in IHD
mortality in as little as a few years. In this view, the improvement
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FIGURE 5 | Grey-based Technique for Order of Preference by Similarity to Ideal Solution (G-TOPSIS) assessment of IHD-related risk factors.

in quality of life and related health outcomes owing to lower
concentrations of air pollutants might be seen by the population
in a few years, essentially leading to the adoption of more
rigorous policy choices on air quality in most parts of the world
(9, 13, 45).

Few studies have been undertaken to assess the impact of
ground-level O3 on population-based comparative research in
the elderly in the selected Asian countries. Exposure to another
pollutant, which is surface O3 a constituent of the photochemical
air pollution combination, might exacerbate the negative health
impacts of particulate matter. Some epidemiologic studies have
confirmed that O3 exposure has a major impact on human health
(42, 46, 47). A few of the health impacts of O3 include vascular
system inflammation, a variation in heart rates, and a drop in
the capacity of blood clots to disintegrate, all of which are the
risk factors for heart disease (48). All of these consequences can
increase vulnerability to infections and, in the end, result in a
cardiac catastrophe. According to a European study, an elevation

of 10 g/m3 within 1–8 h surface O3 level exposure increases
the risk of mortality by 1.13 and 0.33% on the overall daily
number of fatalities related to respiratory and cardiac deaths,
respectively (49). In this study, a higher degree of proximity is
observed in the population of South Korea, implying the need for
improved public policies to address air quality in this region. In
South Korea, the two major causes of air pollution are emissions
from fossil fuel combustion and vehicular emissions (50). South
Korea’s economy grew at a 10% annual rate in the 1980s and
1990s. In 2015, South Korea had been the world’s 11th highest
gross domestic producer; however, this was achieved through
polluting coal-fired power plants and dirty vehicular emissions
(51, 52). To persuade individuals to leave their automobiles at
home and travel by public transportation, an effective public
transportation framework is essential. Clean, renewable energy
and power generation can be used to operate modern buses.
Many trains are also powered by electricity. When utilized within
borders, delivery vehicles may be limited to using exclusively
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electric power. Electricity generation does not have to rely solely
on fossil fuels. Cleaner technology, such as renewable energy,
combined with energy storage and greater energy efficiency, can
contribute toward a more sustainable energy infrastructure with
a minimal environmental impact (53, 54).

According to the GRA, household exposure of PM2.5 appeared
to be an intensified risk factor in the dense population
of India with a greater degree of proximity. In addition,
the G-TOPSIS outcomes also showed exposure to household
PM2.5 as the potential risk factor for IHD-related mortality
among the selected Asian regions. In India, industries have
grown at an exponential rate; thusly, urbanization degrades
environmental quality indirectly via industrialization (55, 56).
Furthermore, due to the poor public transit infrastructure in
India’s urban regions, inhabitants opt for private transportation,
which has led to massive automobile emissions that contribute
to environmental deterioration. Consequently, urbanization in
India causes environmental pollution and worsens population
health over the long haul (57). As per the IQAir report,
India’s air quality is unhealthy; the most current statistics
show that the country’s annual mean concentration exceeds
the recommended level of 10 g/m3 (58). The most significant
contributors to air pollution in metropolitan areas have been
inadequate energy consumption, a spike in the number of
vehicles driven regularly, an increase in uncontrolled industrial
emissions, and the combustion of waste and plastic. Thusly, for
a synergistic reduction of air pollution, a holistic management
framework integrating health, energy, climate, and environment
sectors should be designed to mitigate IHD mortality.

Individually, the amount of fuel burned in a household
might be significantly less than the amount used in industries.
However, its influence on population health is far stronger
because of its pervasive and continuous existence in the internal
environment and the maximum time spent inside humans. This
issue is quite possibly the most ignored area of the disease
burden in these nations. It is indeed not hard to establish
a tight connection between smoke (biomass fuel combustion)
exposure and health risks in humans. To minimize household
PM2.5 concentrations during culinary activities, a variety of
treatments are available. Changes in energy technology and
boosting public awareness about the severity of household
PM2.5 concentrations caused by cooking are required at regional
levels. Appropriate measures tending to a wide variety of issues
related to cooking through awareness, economic development,
and renewable energy resources can be extremely beneficial
in reducing the possible cardiac health concerns produced by
biomass fuel smoke.

In conclusion, these findings have considerable implications
for public health strategy and decision makers in perspectives
of the sustainable development goals (SDGs) of good health
and a sustainable environment. We must acknowledge that the
health industry is only one of the many aspects to attain a
health goal with a CVD focus. Environmental sustainability
will be influenced by agricultural, environmental, public transit,
and economic policy changes as well as international trade
agreements. We should cooperate and work in collaboration
across regions and disciplines to advance and insinuate a

profitable return of interest in heart wellbeing; only this
way we could convince economies and businesses to make
contributions to our mutual objectives, which are critical to
the global population health and wellbeing. Ultimately, Asian
governments should work collaboratively, empower and focus
on the strategies that can mitigate the growing burden of CVD
via planned urbanization and industrialization, acceptance of
clean and renewable energy resources, increased educational
attainment, improved and better living standards, managed
to improve access to healthcare services, and spending on
public health to reduce the risk of air pollutants and their
associated CV mortality. We believe that raising knowledge
about CV risk factors, prevention, treatment, and care in the
Asian region would need a multi-sectoral partnership including
all stakeholders.
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Public health and the environment are the most essential pillars, and play a vital role in the

economy. In order to better public health, the economic and environmental atmosphere

must be stable and clean, respectively. Thus, this paper emphasizes on nexus between

economic, public health, and the environment. Therefore, the objective of this paper is

whether healthcare and environmental expenditures affect economic efficiency and vice

versa. So, this study evaluates the performance of the country’s economic efficiency

and investigates the effect of healthcare and environmental expenditures for 62 Belt and

Road Initiative countries for the period from 1996 to 2020. Suitable input-output variables

are employed under the framework of DEA-window and Malmquist Index Productivity,

and Stochastic Frontier Analysis (SFA). In addition, this study estimates the relationship

between economic efficiency, healthcare, and environmental expenditures by fixed and

random effects models. Therefore, the analytical outcomes reveal that countries are

economically efficient. On the contrary, SFA estimation concludes that countries are

found to be inefficient, because higher variation is exists in efficiency change compared

to technological efficiency change and total factor productivity change on average. In

addition, it is worth notable that healthcare and environmental expenditures improve the

country’s economic efficiency. Furthermore, public health is also influenced by economic

efficiency. Thus, this study suggests that countries should better utilize given resources

and invest a specific portion of national income in order to improve economic efficiency.

Keywords: economic efficiency, healthcare expenditure, BRI, DEA, environment, public health

JEL: R1, R2, R3, R4

INTRODUCTION

Health and environmental issues are global emergencies that transcend state boundaries. These
are issues that require coordinated solutions at all levels and global engagement in order
to assist countries in transitioning to a green environment and economy. To address health
and environmental concerns and their severe consequences on the economy, countries are
effectively engaged with health and environmental concentrations. According to a WHO report,
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aggregate expenditures in the healthcare sector emphasize both
green economic development and establishment resilience (1, 2).
Healthcare expenses are directly related to changes in economic
activities, economic efficiency, and increases in demand for
human health (3–5).

With rapid economic development, investment,
industrialization, and urbanization particularly in those countries
whose participants in the Belt and Road Initiative projects,
announced by the Chinese government, healthcare expenditures
are serious to be considered for analysis. Because economic
activities such as investment, combustion of transportation,
industrial sectors, and energy production are the primary
contributors to increasing environmental pollution. Harmful
particulate matter is released into the atmosphere. Consequently,
a variety of anthropogenetic can increase the negative impact on
public health (6, 7). Under such circumstances, the governments
can direct scarce resources toward the development of public
health. Additionally, authorities should assess the balance
between allocating healthcare expenditures to improve people’s
health and economic efficiency. The fact is evident that
improving people’s health can contribute to economic growth,
hence enhancing population wellbeing and economic efficiency.
The interaction between economic activities and public health
can have positive and negative effects, which may enhance the
healthcare expenditures through the use of natural resources
over time, particularly in BRI countries (8).

Why choose BRI countries? There are some reasons to be
considered for analysis: first, BRI countries are emerging and
developing economies, they are enriched with several markets
such as labor market, product market, and so on. Second, they
are major contributors to the global gross domestic product.
Third, they are most the populous countries compared to the rest
of the world, where healthcare and environmental expenditures
are needed to increase at a higher level. Fourth, BRI countries
are diverse in their macroeconomic management system.
Fifth, these countries are responsible to produce greenhouse
gases by which several diseases cause to have occurred, as
a result, healthcare, and environmental expenditures tend to
be increased.

This study addresses the research problems: BRI countries
are much concerned about limited public budgets and
fiscal sustainability. Investing in BRI’s project can create
some challenges for participants, e.g., debt burden and
constraint budget for infrastructure development. However,
economically modest countries have to face such challenges
and manage their financial resources to be efficient. Despite
the economic activities such as investment, public health, and
environmental issues are being occurred over time. Under
such circumstances, the public health and environment also
could be affected in terms of expenditures. it is essential to
analyze whether countries are economically efficient or not,
if they are efficient, at what scale? If they are not efficient,
but why. In other words, are the participant countries
well-organized through using their own existing resources
before initiating the projects? So, it is essential to underline
the economic efficiency relationship between health and
environmental expenditures.

On conversely, the majority of the studies investigating
healthcare expenditures-economic growth nexus, this study
explores for the ftost time (as best of our knowledge)
the relationship between economic efficiency, healthcare
expenditure, and environmental expenditures (9). The literature
shows most cases, economic growth is determined as a re-
requisite in traditional debate. None of the studies have
approached the country’s economic efficiency affected by
healthcare and environmental expenditures in BRI’s region.

This study aims to investigate the country’s economic
efficiency and link with public health and environment for 62
BRI’s countries. It is worth mentioning that at what parameters
countries are efficient, and how healthcare and environmental
expenditures significantly affect the economic efficiency. Also,
efficiency allows countries to attain the optimal level of economic
objectives or outputs e.g., gross domestic product, quality, and
quantity constraints given, or minimum level of inputs, e.g.,
healthcare expenditures, total labor force, capital formation,
fiscal sector rating, and macro-economic management (as used
in our model). Furthermore, it appears whether countries well
or efficiently utilize their own existing resources over a year.
This also implies that countries must manage their resources
which remained properly initialized to be efficient. In addition,
environmental expenditure can also improve the country’s
performance by investing the amount on projects related to low
caron-economy, because a clean environment can provide better
health that leads enhance the labor productivity.

This study motivates by making numerous contributions to
the current literature; first, estimating the country’s economic
efficiency for 62 participant countries BRI’ project. Second,
investigate the relationship between economic efficiency and
healthcare expenditures in the BRI’s countries. Indeed, the
novelty of the results sheds light on the relationship between
economic efficiency and healthcare expenditures. Third, this
study does not only investigate the linear impact of healthcare
expenditures on economic efficiency but also examines the
non-linear impact of healthcare expenditures on economic
efficiency. Fourth, we also employ the non-parametric DEA-
Window, which incorporates the time-varying effect based on
moving average. Fifth, this research also estimates the effect
of environmental expenditures on economic efficiency and
healthcare expenditures. Furthermore, it concentrates the joint
effect of healthcare and environmental expenditures on efficiency
and vice versa.

To examine the efficiency analysis, we measure economic
efficiency by applying the non-parametric and parametric
approach, i.e., data envelopment analysis (DEA) and stochastic
frontier analysis (SFA) over the time period 1996–2020,
respectively (10). Furthermore, Malmquist index productivity
(MPI) has been introduced by scales (11), decomposes efficiency
into technical efficiency change, technological change, pure
efficiency change, scale efficiency change, and total factor
productivity change. DEA-window technique works based on
principle moving average and produce efficiency over the time
period of each country in the different time period (12–15).
Consequently, the economic efficiency of each country in a
certain period of time is different compared to its own efficiency
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and other countries in other periods of time. In such a way
that problems associated with the DEA technique in terms of
robustness can be avoided.

In the second stage, we employed an econometric approach
such as dynamic panel data analysis (DPA) to formulate the
partial adjustment model. Further, GMM estimate with one-and-
two step (16, 17) is also implied in order to check robustness.
GMM estimators do not require information about the exact
distribution of the disturbances as robust. So, the disturbances are
uncorrelated with instrumental variables in the equation. Also,
fixed effect and random effect models are implied to capture the
country-characteristic and unsystematic effects.

The paper is structured as follows. Related studies are
described in the literature review’ section, while the adopted
methods, study scope, and data sources are discussed in the
methodology section. Afterward, empirical results and their
interpretation are described in the section discussion. In the
end, limitations, policy recommendations, future research, and
conclusions are discussed.

LITERATURE REVIEW

Several studies provide evidence examination on economic
efficiency, public health, and environment in multiple aspects.
We describe the previous works related to economic efficiency,
and expenditures concern over public health and environment
with significant research contribution to the existing literature.

Effects of Economic Efficiency
This literature strand is related to economic efficiency, previous
studies measured the economic efficiency and evaluated the
performance of the countries with respect to different aspects.
For instance, Mustafa et al. (18) analyzed the economic efficiency
of South Asian and Middle Eastern countries that participants in
the BRI projects. They measured the technical efficiency by using
the DEA-CCR and DEA-BCC approaches. Thus, the findings
reveal that some countries e.g., UAE, India, and Middle and
South Asia were found efficient on the CCR model. On the
contrary, China and South Korea were found efficient on the
BBC model by increasing 33% efficiency score. Interestingly,
countries well-performed by increasing the outputs level with the
given level of inputs, and adopted an increasing return to scale
strategy. However, the study did not include the macroeconomic
variables which are the most important to calculate the economic
efficiency. Subsequently, De Mendonca and Nascimento (19)
measured the efficiency by using the forty-two countries under
the frontier approach. Findings suggest that macroeconomic
variables are essential to improve efficiency and macroeconomic
stability led to economic efficiency. More precisely, countries
with higher development levels, inflation, and the absence of
financial crisis have better performance.

In the contrast, Fernandes et al. (20) evaluated economic
efficiency by usingmathematical functions. Their findings denote
that economic growth is the most critical macroeconomic
theme, which can lead to economic efficiency and the best
performance of the countries. Furthermore, countries were
found efficient in terms of allocating the resources from
economic growth to welfare efficiency. Zhong et al. (21) also

debate that economic efficiency is an influential factor for
economic development, especially energy efficiency. They used
the Slack-Based Model and decomposed the efficiency analysis
into pure technical and scale efficiency. Findings suggest that
economic efficiency varied over time, and some units were
or countries well-performed, an indication of better utilization
of given resources. In the contrast, technological progress on
economic efficiency was found insignificant. Yuan et al. (22) also
assessed the economic and environmental economic efficiency
of 61 participant countries in the Belt and Road Initiative
(BRI). They argue that some countries are well-performed
economically and environmentally by using convex and non-
convex production methods-based non-parametric. However,
some BRI countries are still underperforming either economic or
environmental efficiency (23, 24).

Healthcare Expenditures-Economic
Efficiency Nexus
This literature strand is the linkage between healthcare
expenditure and economic efficiency has been well-documented
in earlier research. Yang et al. (25) suggested, for example, that
economic output has a significant impact on healthcare spending.
Economic development increases healthcare spending in the
countries with the highest healthcare costs. The countries with
the highest healthcare expenditures have the capacity to invest
in public health in order to improve their economic situation.
Similarly, Aum et al. (26) calculated that health-related activities
boost economic output; less fear of COVID-19 infection, early
lifting of lockdown, and working from home for fear of infection
all have a significant impact on economic output in developed
countries. According to Pu et al. (27), economic output has a
significant impact on health expenditures in the G7 countries.
Their findings show that during periods of economic prosperity
(such as before the 2008 financial crisis), health expenditures
increased, whereas, after the financial crisis, they decreased.

The study of Chen et al. (28) analyzed the effect of
healthcare expenditures on economic output (efficiency). They
debate that how much a country should spend on healthcare
expenditure in comparison to other expenditures. In addition,
the aggregate amount and composition of health expenditures
that maximize welfare (efficient) are dependent on efficiency
ideas at three levels that are frequently muddled in the argument.
Macro-efficiency scores for welfare-maximizing aggregate the
health spending assessment. Findings suggest that healthcare
expenditures can improve economic efficiency in terms of
GDP. However, poor countries still face difficulties regarding
healthcare spending. Chen and Chen (29) assessed the effect of
healthcare expenditures on a country’s performance. The study
concludes that healthcare expenditures are increased due to
economic efficiency or with a rise in gross domestic product.
Furthermore, healthcare expenditures have a positive impact on
economic efficiency.

Environmental Expenditures-Economic
Efficiency Nexus
Some researchers have debated the dynamic link between
economic efficiency and environmental expenditures, such as
Can and Gozgor (30), Mehmood (31), and Zheng et al.
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(32). Their findings show that a higher level of economic
efficiency helps to reduce harmful environmental effects.
Similarly, Dogan et al. (33) contend that economic efficiency
significantly mitigates environmental deterioration in OECD
countries. Furthermore, Romero and Gramkow (34) discovered
that economic factors have a significant impact on environmental
effects. In other words, it helps to reduce greenhouse gas
emissions. Following that, Boleti et al. (35) argue that economic
complexity helps to improve environmental quality by reducing
carbon emissions.

The studies of Ahmad et al. (36), Ahmad et al. (37), and
Dogan et al. (33) contend that economic efficiency reduces
environmental quality in middle-income economies while
improving it in high-income economies. Following that,
Neagu and Teodoru (38) investigated the relationship between
economic output and the environment in the economies
of the European Union. Their findings indicate that a
lower level of economic output (efficiency) has a greater
impact on environmental expenditures within countries.
Additionally, Shahzad et al. (39) documented the negative
effects of economic complexity on environmental degradation.
Furthermore, other studies, such as Chu and Le (40), report
an inverted u-shaped relationship between economic output
and environmental expenditures. Adedoyin et al. (41) argue,
however, that there is no evidence of a significant relationship
between economic output and environmental degradation
which increases environmental expenditures. In the contrast,
Yuan et al. (22) also emphasized the environmental and
economic efficiency analysis. Their findings unveil that a
lower number of environmental expenditures deteriorate
economic efficiency because a higher amount is required to
combat environmental issues such as air pollution, as a result,
economic efficiency or output may increase through multiple
economic activities.

The above literature describes that most studies have been
conducted in a narrow sense, i.e., carbon dioxide emissions,
transport, non-economic factors, and so on. Therefore,
empirical findings provide evidence for macroeconomic
in terms of the contribution to the country’s economic
development (42–45). In contrast, our models contribute
to the existing literature; first, we investigate the country’s
economic efficiency by using non-parametric and parametric
approaches. Second, we estimate the relationship between
economic efficiency and healthcare expenditures by
implying econometric approaches. In addition, our model
includes macroeconomic variables to be efficient, then
use investment in healthcare expenditure as an external
variable. Third, this research investigates the effect of
environmental expenditures on economic efficiency and
healthcare expenditures. Furthermore, it also estimates the
joint effect of healthcare and environmental expenditures on
economic efficiency and the non-linear effect of healthcare
and environmental expenditures. It is worth mentioning that
our mode covers the geographical area of 62 participants
in BRI’ projects. Recently, it has been received much global
attention to analyzing the externalities of BRI projects in
the countries.

METHODOLOGY

Study Scope and Data Source
This study focuses on 62 participants (countries) in the One-
Belt One-Road project, initiated by the Chinese government
year 2013 (46). Participants’ countries are geographically
and economically diverse and have greater potential to
develop transport infrastructure. Furthermore, the countries
are categorized into seven regions such as East Asia, South
Asia, Southeast Asia, Central Asia, West Asia and North
Africa, and Central and East Europe, including Common
Wealth Independent States. Therefore, the information has been
collected on suitable variants (inputs/outputs) from different
international organizations namely the World Bank and OECD.
In order to achieve objectives, we use data 25 years from 1996
to 2020.

Additionally, we use four inputs1 and two outputs i.e., the
total labor force (quantity in million), gross capital formation
(at current prices, million US$), fiscal sector rating (low =1,
high = 6), macro-management rating (low = 1, high = 6), gross
domestic product (GDP) in million US$ at current prices and
human development index, respectively. Besides, we add external
variables such as public-private partnership transport investment
in million US$. However, Table 1 reveals the variables, measure,
and source.

Theoretical Framework
Figure 1 illustrates the theoretical framework of the current
model. The transformation of economic resources is occurred
due to labor skills, capital, financial management.

In view of the occurrence of transformation, we shed light
on inputs e.g., the total labor force is defined as all people who
have the ability to work at a specific wage rate in a specific
time period. The total labor force (TLF) contributes to the GDP
by using education, skills, and abilities. TLF is a crucial factor
for economic efficiency, because it plays a productive role in
manufacturing goods and services, and adds to the GDP of an
economy. Therefore, the entire input is unexplored in absence of
the total labor force (47, 48).

Similarly, gross capital formation is defined as net capital
accumulation within a specific time period of an economy e.g.,
capital goods; equipment, tools, and transportation assets. It is
also a critical factor for an economy to be efficient. GCF may
affect the economic-efficiency. An economy can be efficient by
better utilizing the GCF, otherwise inefficient. Yasmeen et al. (49)
argue that GCF has a remarkable impact on GDP, which leads to
the an economy being efficient.

Subsequently, we add another variable e.g., fiscal sector rating
(FSR). FSR is the most important factor for an economy.
It provides a government’s policy regarding the income and
expenditure patterns within a time period. Beqiraj et al.
(50) debate that a higher fiscal sector rating improves the
economic efficiency through several channels, because fiscal
policy designs the consumption patterns regarding the major

1Inputs are related to macro-economics to estimate the efficiency.
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TABLE 1 | Variable, measure, and source.

Variable Measure Observer Code Source

Total labor force Number (Million) Input TLF WDI

Gross capital formation Current prices (million US$) Input GCF WDI

Fiscal sector rating Low =1, High = 6 Input FSR WDI

Macro-management rating Low =1 High =6 Input MMR WDI

Gross domestic product At current prices (million US$) Output GDP WDI

Human development index Score 0 to 1.0 Output HDI WDI

Healthcare expenditures Percentage of GDP Independent HCX WDI

Environmental expenditures Percentage of GDP Independent EXP WDI

Economic efficiency Score 0 to 1 Dependent EFF Constructed

Economic-efficiency variable is constructed by Data Envelopment Analysis (DEA) approach, and use as a dependent variable in the econometric model.

FIGURE 1 | Economic transformation of resources.

FIGURE 2 | Economic efficiency analysis obtained by DEA and SFA.
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projects of an economy, and while lower FSR deteriorates the
economic efficiency.

Macro-management rating is also considered to be evaluated
for the performance of companies, firms, and countries. Macro-
management is a strategy, which stimulates the allocation of the
resources in better ways so that they may produce at an optimal
level. Some studies such as Anglevoa et al. (51) and Grishunin
et al. (52) endorse that macro-management affect the economic
efficiency, a higher level of MR may improve the efficiency
score, while lower may affect EE and decline the EE score of
an economy.

In addition, considering the outputs, gross domestic product
(GDP) leads to economic-efficiency of an economy by increasing
the goods and services. Singapai and Wu (53) argue that GDP
is the best indicator of an economic-efficiency. Further, a higher
level of GDP represents those economies are utilizing the better
allocation of resources. Likewise, Wen et al. (54) document that
an economy can be reached at an efficient level with an increase in
the GDP by utilizing the given level of inputs. Lastly, the human
development index (HDI) is the main output, HDI covers the life
expectancy, literature rate, and gross domestic product. Zhang et
al. (55) argue that economic efficiency and HDI have a significant
relationship. A higher HDI value indicates that an economy is
efficient, while the lower value of HDI represents the in-efficiency
of an economy.

To analyze the association between economic efficiency,
healthcare, and environmental expenditures, we add the
healthcare and environmental expenditures in the empirical
econometric model. Healthcare expenditures are defined as
total expenditure on healthcare goods and services in terms
of the percentage of gross domestic product. Raghupathi and
Raghupathi (56) and Nathaniel et al. (57) argue that healthcare
expenditures positively contribute to economic efficiency by
augmenting economic growth. Environmental expenditures
are defined as total expenditures on projects related to the
environment in order to combat the environmental issues in
terms of percentage of GDP. Hussain et al. (23) debate that
environmental expenditures improve environmental quality,
which could be playing a productive role in a country’s
performance concern over economic efficiency.

Estimation Methods
Malmquist Index Productivity
Malmquist index productivity (MPI) calculates the change in
technical efficiency over a period of time in entities or decision-
making units by utilizing the multiple inputs and outputs. It can
be stated as follows:
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Equation (1) exhibits that the non-square root term is a change in
efficiency and the square root term is called technological change
produced by geometric means of two ratios over a period of times
t and t + 1.
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Where xt ,xt+1 are input vectors in a period of time t and t + 1,
while yt , yt+1 are output vectors in a period of time t and t + 1.
Thus, distance functions are represented in form ofDt ,Dt+1 over
a period of time t and t + 1. MPI has been applied for measuring
the efficiency scores of 62 countries. Furthermore, it measures the
efficiency change in two periods of time (t, t + 1) as well as the
relative productivity of the countries (as in our analysis).

The possible outcomes of MPI are following:

Productivity gain = MPI > 1, over the time period (t, t + 1)
Productivity loss = MPI < 1, over the time period (t, t + 1)
No change ≡ MP I = 0, over the time period (t, t + 1)

Moreover, the product of scale efficiency changes and
technical efficiency change, including technical change is
called productivity change.

Data Envelopment Analysis (Window Analysis)
The data envelopment analysis (DEA) technique measures
the efficiency and deals with handling the cross-sectional and
time-varying data of decision-making units (10). Further, this
technique detects the efficiency trends over time by comparing
decision-making units. A comparison can be possible against
itself every DMU and against other DMUs over time (12). Thus,
according to Tulkens and Vanden Eeckaut’s (58) suggestion
number of time periods is included in the analytical form. In our
study, we use 62 countries (n= 62) for the time period from 1996
to 2000 (T = 25). There are no technical changes within each of
the windows because all DMUs are compared (measured against
each other). In order to credible results, a narrow window width
must be used (12).

In our case, we choose the 3-year window analysis (w = 3)
and then place each DMU in the window for treatment. The first
window comprises 3 years (1996, 1997, and 1998) and increases
DMUs from 62 to 186 (n× w = 62× 3) for performing the
analysis. While performing the analysis, the window moves on
1 year period, drops the original year and adds a new year. The
procedure reaches till last window 23 containing the years 2018,
2019, and 2020 has been analyzed.

The main advantage of DEA window analysis is the provision
of efficiency trends over a specified time period. Further, it
evaluates simultaneous stability, properties of efficiency across
and within the specified windows (14, 15, 59, 60).

Measuring Economic Efficiency
To measure economic efficiency, we adopt the formalization of
Asmild et al. (12) and suppose that N decision-making units

(n = 1, . . .N), T time periods (t = 1, . . .T), r and s are inputs
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and outputs, respectively. The sample size is the product of the
number of decision-making units n and several time periods t i.e.,
(

n× t = observations
)

, n = 62, t = 25, observations = 1550.
The dimensional vectors of decision-making units

(

DMUn
t

)

are following:
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given as;

Input’s matrix

xkw =
(

x1k , x
2
k , . . . x

N
k , x

1
k+1, x

2
k+1, . . . x

N
k+, x

1
k+w, x

2
k+w, . . . .x

N
k+w

)

(4)

Output’s matrix

ykw =
(

y1k , y
2
k , . . . y

N
k , y

1
k+1, y

2
k+1, . . . y

N
k+, y

1
k+w, y

2
k+w, . . . .y

N
k+w

)

(5)

DEA window problem (input-oriented –constant return to
scales) for decision-making units (DMUt) is described. This
problem can be solved by following linear program:

θ ′kw t = min θ , ⋋θ

Subject to

−Xkw ⋋+θx′t ≥ 0

Ykw ⋋−y′t ≥ 0

⋋n ≥ 0 (n = 1, . . . .Nxw)

(6)

In order to allow for variable returns to scale (VRS), we
add restriction

∑N
1 ⋋n = 1 in our analysis (61), because

countries have dissimilarities in economic measures and major
heterogeneities. Efficiency can be affected due to the size of
countries. As a result, a constant return to scale (CRS) is
inappropriate. The best practice level of output to input varies
with the size of the countries through less restrictive variable
returns to scale (VRS) frontier.

Econometric Methods
Stochastic frontier analysis (SFA) is an econometric-based
technique that estimates the source of inefficiency under specific
functional forms or assumptions. This specifies the conditional
mean output in comparison to common regression. A boundary
or frontier has been defined by the production function,
deviations from which can be observed as inefficiency. Stochastic
frontier analysis (SFA) provides methods for modeling the
frontier notion within a regression system such that inefficiency
can be calculated. The frontier specification is following:

Yit = αt + x′itβ + νit − µit = αit + x′itβ + νit (7)

The Equation (7) contains output-input vectors such as yit and
xit for the country i (i = 62) over a period of time (t = 25),
and vit is a random error, while uit is an on sided error (uit
≥ 0) in comparison to vit and detecting the deficiency from

the frontier (αit + x
′
itβ + νit). We have a model in which

inefficiency is quantified in differences between the countries
in intercepts. However, restrictions have been placed on αit,
as a result, several special cases were raised. In the context
of pure cross-section (t = 1), identification requires strong
assumptions regarding the distributions

(

vi and ui
)

. But an
extension and application of panel-data econometric (SFA) raised
dissatisfaction with such assumptions. The inefficiency can be
treated as a time-invariant country effect (in our analysis) by the
first panel, αi = α –ui. Estimates can be obtained by employing
the standard panel methods. Afterward, such estimates of αi are
converted into inefficiency. Literature provides explanations on
the SFA regarding application in cross-section and panel-data.
For cross-section, time invariance limitations can substitute for
distributional assumptions. In contrast to panel-data, time in-
variance assumptions are relaxed due to frontiers specification for
the αit. Although retaining the advantages of a panel-data.

In order to examine the econometric analysis, we applied the
auto-regressive distributed lag model

(

AD
(

p, q
))

with dependent
(p lagged times) and independent variable (q lagged times). The
order of dynamics captures the direction of generalization. The
likelihood-based selection criterion has been widely used for
the specification of the model such as the Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC). To
check endogeneity or test over-identifying restrictions, we adopt
the GMM technique which is a non-linear instrumental variables
estimator and based on Sargan statistics.

We reduce the general AD (1, 1) to an AD (1, 0) model
checking the order of dynamics on each of the variables, omitting
the insignificant dynamics, and having only the dependent
variables lagged by one time and squared as regressors for
transport-infrastructure investment and its squared. However, an
important issue states that how a country adjusts to the long-
run equilibrium level of economic efficiency. For this purpose,
a partial adjustment model has been widely used.

Effit
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t
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)

γ (8)

Equation (8) expresses that Effit , Effit−1 and Effi
∗
t−1 are indicators

of actual efficiency, lagged one period of actual efficiency and
desired efficiency levels, respectively. While γ is the adjustment
coefficient(0 < γ < 1).

In our paper, we propose an econometric model to estimate
the relationship between economic efficiency, healthcare, and
environmental expenditures. The estimated models are given as:
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5
(EFF ∗ EXPit) + εit (10)
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Where EFFi,t and EFFi,t−1 stand for efficiency and its lag, HCXi,t

stands for healthcare expenditures, HCX2
i,t represents the squared

of healthcare expenditures, EXPi,t indicates environmental
expenditures, while HCX ∗ EXPi,t shows the interaction term of
healthcare and environmental expenditures, i and t indicators
of countries and time period, respectively, while εit is an
error term. More precisely, the lag of economic efficiency is
anticipated to have a positive or negative effect on economic
efficiency. Similarly, HCXi,t is projected to be a positive effect
on economic efficiency, but its squared (HCX2

i,t) is either a
positive or negative effect on EFFi,t. In addition, EXPi,t is also
an important tor for economic efficiency, it is anticipated to
have a positive effect on EFFi,t. Interestingly, the joint effect of
healthcare and environmental expenditures is expected to have a
positive or negative effect on economic efficiency. Subsequently,
we propose a public health model (equation 9) and estimate the
effect of economic efficiency and environmental expenditures
on healthcare expenditures. Thus, the lag of HCXi,t−1 is also
affecting healthcare expenditures, it is projected to have a positive
effect. Likewise, the joint effect of economic efficiency and
environmental expenditures (EFF ∗ EXP) is anticipated to have
a positive effect on healthcare expenditures.

Besides, the partial adjustment model is a short run function

(Yt = γβ0 + γβ1Xt + (1− γ ) γt−1 + γut) as the current
healthcare and environmental expenditures do not always be
equal to its long-term level in the short run. In order to extract
long-term function, we divide the short-term function by γ and
reduce efficiency lagged one period.

This study expresses the hypotheses aim to investigate
the effects of healthcare and environmental expenditures on
economic efficiency, and whether economic efficiency and
environmental expenditures affect healthcare expenditures.
Thus, the current paper assesses the four hypotheses with regard
aforementioned variables. For instance, the first hypothesis (H1),
Is there any positive effect of healthcare expenditure on economic
efficiency? The second hypothesis (H2): Is there any effect of
environmental expenditures on economic efficiency? (Table 2).
Third hypothesis (H3): How does economic efficiency influence
healthcare expenditures? Lastly, H4: How do environmental
expenditures affect healthcare expenditures?

EMPIRICAL RESULTS AND DISCUSSIONS

Empirical Results
To examine the relationship between economic efficiency,
healthcare, and environmental expenditures for 62 BRI countries,
we analyze the observations of each selected variable under
the central deviation framework. The outcomes reveal that
observations vary within a small range over time, because of
lower magnitudes of SD values. Moreover, the small magnitude
of SD suggests that observations are not much scattered from the
mean value. Nevertheless, the mean and SD values of the human
development index (HDI) are 0.69 and 0.129, which implies
that HDI is constricted toward central tendency. Likewise, the
economic efficiency (EFF) also same practices regarding the
scatteredness of the observations from the central point.

Considering the measurement of economic efficiency, the
outcomes from DEA and SFA approaches are reported in
Table 2 and Figure 2. Results exhibit that most of the
countries are technically efficient, which implies that inputs
are properly utilized to achieve an optimal level of outputs.
In contrast, SFA produces efficiency scores of <1 that shows
the countries are neither efficient nor properly utilizing the
existing resources. The reason behind that is the conversion
of inputs into outputs with specific assumptions such as
remaining same general price level, stable policy implication,
fiscal and monetary policies, and so on. However, technical
efficiency change decomposes into pure efficiency and scale
efficiency. For instance, countries can reduce inputs while still
remaining within the variable return to the scale’s frontier
(overall country well-performed by utilizing the inputs), and
projected to variable return to scale efficiency frontier can
further reduce their inputs (while still remaining constant return
to scale).

Besides, the total factor productivity growth index
decomposes into technical ones, indices of technical change,
and technological efficiency change. If the technical efficiency
change score is >1, this means that the best practice frontier has
an increase in efficiency or catch-up impact. On the contrary,
if there is <1, it indicates a decline in the country’s output
efficiency (62, 63).

The results provide evidence that East Asian, Southeast Asian;
Central Asian countries are found to be efficient at technological
efficiency changes. Further, efficiency scores are also examined in
pure and scale efficiency change that provides evidence countries
have substantial potential to properly utilize the resources i.e.,
labor force, gross capital formation, fiscal sector rating, and
macro-economic management to enhance GDP and human
development index (as in our analysis).

Additionally, results reveal that countries with high economic
efficiency scores over the examined period are reported to be
China, Mongolia, Russia, Nepal, Sri Lanka, Thailand, Vietnam,
Malaysia, Central Asia, Kuwait, Lebanon, Croatia, Czech-
Republic, Latvia, Lithuania, Macedonia, Ukraine, Azerbaijan,
and Moldova, while only one Afghanistan is reported as
most inefficient.

Stochastic frontier efficiency scores are described in the last
column (Table 3). The highest inefficient countries are reported
to be Georgia, Estonia, Indonesia, Sri Lanka, Iran, Hungary,
Slovenia, Thailand, Egypt, Syria, Czech Republic, Tajikistan,
and Timor-Leste. In contrast, countries with the lowest
inefficiency scores are Latvia, Lebanon, Lithuania,Malaysia, Laos,
Kyrgyzstan, Kuwait, Maldives, Pakistan, China, and Moldova.
Furthermore, empirical evidence shows that countries are failing
to well utilize their resources (i.e., labor force, gross capital
formation, fiscal sector rating, and macro-management) around
2–8% to produce an optimal level of output (GDP).

Therefore, the economic-efficiency scores obtained by the
DEA-window are reported in Table 4. The columns and rows
enable us to examine the stability of econeconomic efficiency
determine the trends. Thus, the stability and trend changes
in economic efficiency are shown across the time periods. In
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TABLE 2 | Descriptive statistics.

Variable Obs Mean S.D Min Max

HDI 1,550 0.69 0.129 0.1 0.935

GDP 1,550 2.392 1.001 1 1.504

TLF 1,550 2.404 1.661 0.10 7.850

GCF 1,550 7.819 4.303 1 6.534

FSR 1,550 2.316 1.335 0.017 9.016

MMR 1,550 2.828 2.294 0.02 23.56

EFF 1,550 0.888 0.158 0.13 1.319

HCX 1,550 02.49 1.448 0.1 0.426

EXP 1,550 3.510 2.931 1 0.310

Source: author’s calculations.

All variables are converted into logarithm.

TABLE 3 | Countries’ economic efficiency scores.

Approach Malmquist Index Summary SFA

Country TE TECHCH PECH SECH TFPCH TE

East Asia

China 1.016 1.185 1.019 0.998 1.205 0.96

Mongolia 1.003 1.691 1 1.003 1.696 0.965

Russia 0.998 1.131 0.998 1 1.129 0.947

Mean 1.005 1.335 1.005 1.000 1.343 0.957

South Asia

Afghanistan 0.039 0.814 1.039 1 0.846 0.952

Bangladesh 1.034 0.917 1.034 1 0.948 0.964

Bhutan 1 0.888 1 1 0.888 0.955

Maldives 1.004 1.086 1 1.004 1.09 0.967

Nepal 1.002 1.124 1 1.002 1.126 0.962

Pakistan 0.998 0.696 0.999 0.999 0.694 0.963

Sri Lanka 1.007 1.131 1.007 1 1.139 0.921

Mean 0.869 0.950 1.011 1.000 0.961 0.954

Southeast Asia

Indonesia 0.997 1.419 0.997 1 1.414 0.92

Thailand 1.008 1.184 1.008 1 1.194 0.927

Malaysia 1.004 1.158 1 1.004 1.163 0.976

Viet Nam 1 1.354 1 1 1.354 0.95

Singapore 0.998 1.092 0.998 1 1.09 0.954

Philippines 0.999 1.19 0.999 1 1.188 0.94

Myanmar 1.003 1.09 1 1.003 1.093 0.962

Cambodia 1.015 1.179 1.1015 1 1.197 0.951

Laos 1.007 1.006 1.003 1.004 1.013 0.972

Timor-Leste 1.007 1.212 1.007 1 1.221 0.936

Mean 1.003 1.181 1.011 1.1001 1.192 0.948

Central Asia

Kazakhstan 1 1.666 1 1 1.666 0.962

Uzbekistan 1.005 1.293 1.005 1 1.299 0.952

Turkmenistan 1.007 1.118 1.007 1 1.126 0.942

Kyrgyzstan 1.007 2.556 1.002 1 2.575 0.97

Tajikistan 1.008 1.813 1.008 1 1.826 0.935

Mean 1.005 1.689 1.004 1 1.698 0.952

(Continued)

Frontiers in Public Health | www.frontiersin.org 9 February 2022 | Volume 10 | Article 842070104

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Hussain et al. Public Health and Economic Efficiency

TABLE 3 | Continued

Approach Malmquist Index Summary SFA

Country TE TECHCH PECH SECH TFPCH TE

West Asia and North Africa

Saudi Arabia 0.998 1.172 0.998 1 1.169 0.953

UAE 1.006 1.231 1.006 1 1.238 0.952

Oman 0.999 1.177 1 0.999 1.176 0.965

Iran 0.997 1.41 0.997 1 1.406 0.924

Turkey 1.007 0.771 1.007 1 0.776 0.937

Israel 0.998 1.422 0.998 1 1.419 0.958

Egypt 0.999 1.33 0.999 1 1.329 0.928

Kuwait 1.018 1.661 1.018 1 1.69 0.97

Iraq 0.998 1.416 0.998 1 1.414 0.948

Qatar 0.998 1.206 0.998 1 1.204 0.955

Jordan 0.999 1.43 0.999 1 1.429 0.959

Lebanon 1.005 1.019 1 1.006 1.024 9.72

Bahrain 1.034 0.924 1.034 1 0.956 0.961

Yemen 1.009 1.418 1 1.009 1.43 0.939

Syria 1.007 1.118 1.007 1 1.126 0.93

Mean 1.004 1.247 1.003 1.000 1.252 1.533

Central and East Europe

Bosnia and H 0.999 0.88 0.999 1 0.879 0.953

Bulgaria 1.009 0.879 1.009 1 0.87 0.953

Croatia 1.008 1.246 1.008 1 1.257 0.946

Czech-Repub 1.001 1.308 1.001 1 1.31 0.935

Estonia 0.999 1.438 0.999 1 1.436 0.92

Hungary 0.996 1.411 0.996 1 1.406 0.925

Italy 0.998 1.525 0.998 1 1.523 0.948

Latvia 1.006 1.662 1.002 1.004 1.672 9.74

Lithuania 1.005 1.674 1 1.005 1.681 0.979

Macedonia 1.002 1.197 1 1 1.198 0.965

Poland 0.998 1.178 0.999 1 1.176 0.957

Portugal 0.999 1.151 0.999 1 1.149 0.96

Romania 0.998 1.148 0.998 1 1.146 0.964

Serbia 0.998 1.229 0.998 1 1.227 0.953

Slovakia 0.997 1.106 0.997 1 1.103 0.94

Slovenia 0.998 1.127 0.998 1 1.125 0.927

Mean 1.004 1.247 1.003 1.000 1.252 1.533

Common Wealth Independent States

Ukraine 1.007 1.224 1.007 1 1.232 0.947

Azerbaijan 1.035 1.377 1.035 1 1.425 0.952

Armenia 1.036 0.798 1.036 1 0.826 0.959

Belarus 1.034 0.637 1.034 1 0.659 0.963

Georgia 0.996 1.351 0.996 1 1.345 0.92

Moldova 1.004 1.659 1 1.004 1.665 0.962

Mean 1.018 1.174 1.018 1.000 1.192 0.950

Overall Mean 1.006 1.206 1.005 1.001 1.213 0.9513

Source: author’s calculations.

Inputs: total labor force, gross capital formation, financial sector rating and macroeconomic management rating. Outputs: gross domestic product and human development index.

TE, Technical Efficiency; TECHCH, Technological Changes; PECH, Pure Efficiency; SECH, scale efficiency change; TFPCH, Total Factor Productivity Change; SFA, Stochastic Frontier

Analysis. Economic efficiencies are obtained by non-parametric and parametric approaches such as data envelopment analysis (DEA) and stochastic frontier analysis (SFA).
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TABLE 4 | DEA window analysis.

Window/year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

W1 0.90 0.91 0.91

W2 0.92 0.93 0.94

W3 0.93 0.94 0.98

W4 0.98 0.99 1.00

W5 1.00 1.00 1.00

W6 1.00 1.00 1.00

W7 0.99 1.00 1.00

W8 0.99 0.99 1.00

W9 1.00 1.00 1.00

W10 0.99 1.00 1.00

W11 1.00 1.00 1.00

W12 0.97 0.98

W13 1.00

Mean 0.90 0.92 0.92 0.95 0.99 1.00 0.99 0.99 0.99 0.99 1.00 0.99 0.99

year 2009 2010 2011 2012 2013 2014 2015 2018 2019 2020

W12 0.99

W13 1.00 1.00

W14 1.00 1.00 1.00

W15 1.00 1.00

W16 1.00 1.00 1.00

W17 1.00 0.99 0.99

W18 1.00 1.00 1.00

W19 0.99 1.00 1.00

W20 1.00 1.00 1.00

W21 0.99 1.00 1.00

Mean 0.99 1.00 1.00 1.00 0.99 0.99 1.00 0.99 1.00 1.00

Source: author’s calculation.

DEA window economic efficiency scores for the case of China.

comparison, China is to be an economically efficient country
relative to 61 countries.

After evaluating the country’s economic efficiency, we applied
econometric techniques e.g., cointegration tests in order to
examine the long-relationship between economic efficiency,
healthcare, and environmental expenditures. The outcomes from
panel unit root tests are reported in Table 5 and suggest
that observed variables such as efficiency, healthcare, and
environmental expenditures are stationary and non-stationary at
levels and I (I). Therefore, EFF is stationary at the level and in first
difference in all cases and statistically significant, while healthcare
and environmental expenditures and they are squared are also
found to be stationary at levels and first-difference in most
cases as well statistically significant. Besides, Table 6 presents the
Pedroni Co-integration tests. We reject the null hypothesis of
no-cointegration at a significance level of 0.05 in eight cases.
Furthermore, results indicate that a long-run relationship exists
between the EFF and its influencers for the sample countries.

In addition, in order to examine the country-specific effect,
we employ the fixed and random effects models that produce
different outcomes. The outcomes are provided in the Table 7

and reveal that a 1% increase in the coefficient of lag economic
efficiency (EFFt−1) upsurges 1.1% (full sample), 94% (EA), 4%

(SA), 69.1% (SE), 27% (W&NA), 77% (CA), 67% (CEE), and
79.1% (CIS) economic efficiency overtime under fixed-effect
model. On the contrary, a 75% increase in EFF due to one a
1% change in EFFt−1 obtained by random effect. The reason
behind those countries adopting previous economic strategies
in different sectors of the economy is to achieve the best
level of output. For instance, investing in environmental and
public health projects under a macroeconomic management
system, which produces the output based on previous economic
efficiency. Consequently, countries are found to be efficient with
different magnitudes. Other studies e.g., Singpai and Wu (53),
Yuan et al. (64), and Strielkowski et al. (65) confirm our findings
and suggest that the economic efficiency of lag time remarkably
impacts economic efficiency.

Considering the effect of healthcare expenditures, the
coefficient of HCX is positive and statistically significant for
EFF in the 62 BRI countries. It implies that a 1% increase in
HCX upsurges ∼142% EFF by controlling the country-specific
effect. On the contrary, in the full sample case, outcomes from
random effect also confirm that healthcare expenditures improve
the efficiency level, which implies that a 166% increase in EFF
is due to a 1% change in HCX. Several studies e.g., Yang and
Usman (25), Gu et al. (66), and Ahmad et al. (67) also argue that
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TABLE 5 | Panel unit roots tests.

Levels Levin- Lin and Chu t Breitung t-stat Im. Pesaran and Shin W-stat ADF chi square PP-chi-square

EFF −18.7715 −20.4347 −20.8655 79.8985 79.8985

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

HCX 0.6834 22.1578 6.7779 24.6085 24.6085

(0.7528) (0.0000) (1.0000) (0.0000) (0.0000)

HCX 2 3.4590 24.0857 30.6053 3.1052 3.1052

(1.0000) (1.0000) (1.0000) (0.0010) (0.0010)

EXP 2.3451 1.4343 3.2342 4.2483 3.4321

(0.5343) (1.000) (1.000) (1.000) (0.8732)

EXP 2 1.344 0.3222 1.3223 0.2123 0.2236

(0.000) (0.0211) (0.0021) (0.0000) (0.0200)

Diff. EFF −10.2345 −9.3483 −26.9814 194.6315 194.6315

(0.0000) (0.000) (0.0000) (0.0000) (0.0000)

Diff. HCX −3.2345 −3.3214 −16.1543 96.2438 96.2438

(0.0000) (0.000) (0.0000) (0.0000) (0.0000)

Diff. HCX2 −4.3245 −3.2743 −14.2886 192.8121 192.8121

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Diff. EXP −1.2343 −2.3243 −4.2133 −2.0832 −1.3221

(0.000) (0.000) (0.000) (0.0002) (0.0383)

Diff.EXP 2 −0.1233 −2.3443 −4.3232 −5.3344 −2.5433

(0.0002) (0.0020) (0.0000) (0.0030) (0.0000)

Source: author’s calculations.

Probabilities are in brackets, Ha: Panels are stationary. TIINV is estimated by Im. Pesaran with lag 3 but insignificant. The first two lags could not estimate due to insufficient data.

TABLE 6 | Co-integration test.

Statistics Weighted-stat

Panel v-stat 3.8943 0.2434

(0.0000) (0.2345)

Panle rho-stat −1.7643 −1.3245

(0.0324)** (0.0973)*

Panel PP-stat −4.5463 −3.2143

(0.0010) (0.0001)

Panel ADF-stat −3.5329 −2.4321

(0.0000) (0.0023)

Stat. Prob.

Group rho-stat 1.2345 0.7653

Group-PP-stat −2.3436 0.0000

Group-ADF-stat −1.7834 0.0123

Probabilities are in parentheses.

***p < 0.01, **p < 0.05, *p < 0.1.

healthcare expenditures can increase economic growth which
leads to economic efficiency. Furthermore, spending on health
care goods and services create the income level through multiple
economic channels, ultimately, investment level increases in
different sector of the economy. In the contrast, the coefficient
of square HCX is also found positive for all regions concerned
with economic efficiency. This implies that a 1% change in
HCX2 decreases around 39.3% in EFF under the fixed effect
model, whereas, in the random effect model, a 21.3% economic
efficiency decreases due to a 1% change in square of healthcare

expenditures. The reason may be behind that a rise in healthcare
expenditure can shorten the resources by which countries could
not be achieved the best level of output (which leads to economic
efficiency). Consequently, countries remained inefficient and
deteriorate the efficiency level (11).

Additionally, we focus on the effect of environmental
expenditures, the coefficient of EXP has a positive and statistically
significant impact on economic efficiency. Environmental
expenditures can increase the economic efficiency for sample
countries, it implies that a 1% change in EXP increases 1.1% in
EFF in the fixed-effect model. On the contrary, a 33% increase
in EFF is due to a 1% positive change in EXP in the random-
effect model. Precisely, the effect of environmental expenditures
is relatively lower by controlling country effect is compared to
random selection. Besides, the coefficient of interaction term of
HCX∗EXP has a positive impact on EFF, indicating that the joint
effect of healthcare and environmental expenditures increases
the economic efficiency because BRI countries require more and
more public-health care goods and environmental projects in

order to protect the public health and environmental quality.
Furthermore, most countries are releasing greenhouse emissions

into the atmosphere, which directly and directly negatively

impacts public health, under such circumstances, demand for

public health care goods is enhanced. Consequently, the spending
level is enhanced.

We concentrate on the effect of economic efficiency and
environmental expenditures on healthcare expenditures, report
the outcomes in Table 8. Healthcare expenditures are also
affected by previous time period, it implies that lag of HCX
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TABLE 7 | Regional analysis of BRI (economic efficiency model).

Model/region Full

sample

East Asia South Asia Southeast

Asia

West Asia

and

North Africa

Central

Asia

Central and

East Europe

CIS

Fixed effect Dependent variable: efficiency

EFFt−1 0.011*** 0.941*** 0.041*** 0.691*** 0.271*** 0.771*** 0.671*** 0.791**

(0.395) (0.035) (0.021) (0.044) (0.030) (0.808) (0.040) (0.842)

HCX 1.422*** 0.432*** 0.752** 0.642** 0.452* 1.852* 1.321* 0.401*

(0.401) (0.118) (0.685) (0.734) (0.837) (0.859) (0.421) (0.929)

HCX 2 −0.393 1.323* 1.412 −6.123 −3.663 −1.233 −3.112 1.782

(0.595) (0.101) (0.449) (0.814) (0.793) (0.946) (0.366) (0.757)

EXP 0.011*** 0.053*** 0.493*** 0.647*** 0.790*** 0.152*** 0.134*** 0.024***

(0.420) (0.004) (0.013) (0.004) (0.008) (0.013) (0.003) (0.445)

HCX*EXP 0.047*** 0.008*** 0.032*** 0.088*** 0.060*** 0.004*** 0.068*** 0.079

(0.023) (0.078) (0.151) (0.063) (0.115) (0.173) (0.034) (0.330)

Observations 1,488 72 168 240 360 120 384 96

Random effect

EFFt−1 0.751*** 0.211*** 0.361*** 1.301*** 0.151*** 0.271*** 0.291*** 0.280***

(0.673) (0.339) (0.211) (0.795) (0.406) (0.986) (0.352) (0.261)

HCX 1.662*** 0.652*** 0.472** 0.852** 0.392*** 0.652*** 1.361*** 0.57 1**

(0.758 ) (0.176) (0.284) (0.861) (0.272) (0.820) (0.292) (0.223)

HCX 2 −0.213 0.123 1.522 4.463 −1.301 2.723 −3.572 5.962

(0.974) (0.144 ) (0.236) (0.847) (0.264) (0.650) (0.199) (0.218)

EXP 0.330*** 0.004*** 0.001*** −0.020 0.001*** −0.001 8.550*** −0.001

(0.961) (0.004) (0.003) (0.002) (0.003) (0.002) (0.994) (0.685)

ECX*EXP 0.080*** 0.968*** 0.849*** 0.895*** 0.885*** 0.895*** 0.902*** 0.827***

(0.009) (0.076) (0.045) (0.030) (0.044) (0.023) (0.013) (0.049)

Observations 1,550 75 175 250 375 125 400 100

Country 62 3 7 10 15 5 16 6

Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

has a positive and statistically significant impact on current
healthcare expenditures, a 1% change in HCXt−1 increase
1.1% under the fixed-effect model, whereas a 31.1% increase
in HCX is due to a 1% change in HCXt−1. Furthermore,
countries constraint their budgets for healthcare goods and
services annually in order to maintain public health standards
Consequently, healthcare expenditures are increased due to
previous time periods. Besides, the coefficient of environmental
expenditures also has a remarkable impact on healthcare
expenditures. This implies that a 1% increase in EXP upsurges
HCX by 1.1 and 31.1% under the fixed and random effect models,
respectively. Other studies [e.g., (23)] argue that environmental
expenditures improve environmental quality, indicating a clean
environment, suggesting maintenance of the public health.
Consequently, healthcare expenditures are enhanced. More
interestingly, the coefficient of the square of EXP is found to
be positive, which means that an increase in environmental

expenditures enhances healthcare expenditure, and also a U-

shaped relationship between the HCX and EXP. This implies that

a 1% increase in EXP2 upsurges HCX ∼10.1 and 33.1% in the
fixed and random effect models, respectively.

Considering the effect of economic efficiency, the coefficient
of EFF has a positive and statistically significant impact on

HCX, which implies that a 12.2% positive change in HCX is
due to a 1% increase in EFF by controlling country-specific
effect. On the contrary, a 1% increase in EFF upsurges HCX by
16.2% under the random effect model. Precisely, economically
efficient countries can increase the healthcare expenditures,
because they better utilize their given inputs or resources,
and have the potential to constraint their budgets in order
to maintain the public health standards. BRI countries are
needed to expand healthcare expenditures, because they are
facing several diseases such as typhoid, depression, anxiety,
obesity, cancer, HIV aids, and so on (68–70). In addition, the
coefficient of the joint effect of environmental expenditures and
economic efficiency have positive effects but lower magnitudes.
This means that simultaneously EFF and EXP increase the
healthcare expenditures because countries can utilize their
resources through a clean environment.

Robustness and Endogeneity
This section provides estimates on GMM based first-differences
and orthogonal approaches for the full sample and seven regions.
It is worth notable the uncorrelation (vit ) assumption is essential.
Thus, asymptotically distributed tests are estimated such as
first and second-order serial correlation and Sargan (71). The
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TABLE 8 | Regional analysis of BRI (healthcare expenditure model).

Model/region Full

sample

East Asia South Asia Southeast

Asia

West Asia

and

North Africa

Central

Asia

Central and

East Europe

CIS

Fixed effect Dependent variable: Healthcare expenditures

HCXt−1 0.011*** 0.941*** 0.401*** 0.691*** 0.071*** 0.171*** 0.171*** 2.791**

(0.385) (0.015) (0.031) (0.014) (0.040) (0.001) (0.010) (0.042)

EFF 0.122*** 0.132*** 0.252** 0.142** 0.152* 0.052* 0.021* 0.401*

(0.201) (0.018) (0.605) (0.034) (0.037) (0.059) (0.021) (0.929)

EXP 0.193 0.323* 0.412 0.123 0.663 0.233 0.112 0.782

(0.095) (0.111) (0.249) (0.014) (0.193) (0.246) (0.166) (0.857)

EXP 2 0.101*** 0.023*** 0.193*** 0.047*** 0.090*** 0.052*** 0.104*** 0.014***

(0.020) (0.104) (0.023) (0.004) (0.08) (0.013) (0.003) (0.445)

EFF*EXP 0.007*** 0.018*** 0.052*** 0.028*** 0.020*** 0.002*** 0.038*** 0.069

(0.013) (0.008) (0.101) (0.003) (0.105) (0.103) (0.034) (0.330)

Observations 1,488 72 168 240 360 120 384 96

Random effect

HCXt−1 0.311*** 0.201*** 0.061*** 0.001*** 0.151*** 0.201*** 0.091*** 0.120***

(0.123) (0.119) (0.201) (0.205) (0.016) (0.006 ) (0.012) (0.011)

EFF 0.162*** 0.652*** 0.472** 0.852** 0.392*** 0.652*** 0.361*** 0.57 1**

(0.058 ) (0.106) (0.084) (00861) (0.072) (0.020) (0.202) (0.203)

EXP 1.210 0.123 0.522 0.463 1.201 0.723 1.072 0.962

(0.974) (0.144 ) (0.236) (0.847) (0.264) (0.650) (0.199) (0.218)

EXP 2 0.330*** 0.041*** 0.021*** 0.120 0.101*** 0.012 0.500*** 0.011

(0.061) (0.104) (0.002) (0.235) (0.001) (0.006) (0.004) (0.185)

EFF*EXP 0.011*** 0.032*** 0.043*** 0.012*** 0.043*** 0.014*** 0.002*** 0.027***

(0.009) (0.076) (0.045) (0.030) (0.044) (0.023) (0.013) (0.049)

Observations 1,550 75 175 250 375 125 400 100

Country 62 3 7 10 15 5 16 6

Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

results in Table 9 reveal that AD (1, 0) formulation has been
preferred and omits insignificant dynamics. This includes minor
changes in the long-run properties. Further, variables are strictly
exogenous except for lagged efficiency. Neither test suggests that
the assumption of serially uncorrelated errors is inappropriate.

Besides, the inverted U-shaped relationship between
economic efficiency and healthcare expenditures are estimated
statistically significant coefficients. This means that the marginal
rate of economic efficiency is increased, and then declined as
additional healthcare expenditure is ensured. Consequently,
the law of diminishing returns is shadowed. It indicates the
confirmation of studies by (72) conflicting that spending and
gross domestic product are substituted.

Moreover, previous studies argue that regional connectivity
is also complemented for countries to be economically efficient.
Expenditures and economic growth are imperative dynamics. In
order to capture the heteroskedasticity effect, some diagnostic
tests have been applied (i) a regression of squared residual
on X, (ii) a Glejser test, and (iii) a Harvey test. All tests
report that there is no evidence of the existence and significant
heteroskedasticity. It is noteworthy, adjustment rate (with
efficiency adjust to equilibrium values) is slow. The adjustment
of economic efficiency continues around 94.2% (1–0.058) and

97.9% (1–0.021) per annum at first-difference and orthogonal. It
reveals that 94.2% of discrepancies between desired and actual
economic efficiency have been adjusted in a year. It also can be
said that adjustment of economic efficiency has been affected
within almost three periods. The reasons for slower adjustment
economic efficiency must be pursued in the countries’ transport
policy and their advancement procedures.

In comparison, the adjustment rate of economic efficiency
is estimated at around 23% (1–0.77) and 34% (1–0.66) at first-
difference and orthogonal for the East Asia region, respectively.
Similarly, adjustable rates are projected around 88.3% (1–
0.117) and 99.6% (1–0.004) for the South Asia region in all
cases. Subsequently, the Southeast Asia region challenges 99.1%
(1–0.009) and 97.6% (1–0.024) adjustment rates of economic
efficiency. Likewise, the regions West Asia & North Africa
are challenging the adjustment rates of economic efficiency by
estimating the discrepancy around 91% (1–0.09) and 94.2% (1–
0.058) between actual and desired efficiency. Thereafter, such
differences or inconsistency in terms of adjustable rate is also
estimated at around 99.6% in all cases in Central Asia. Central
and East Europe have discrepancy scores of 90.3 and 91.8% in
first-differences and orthogonal. Lastly, CIS challenges 92.8 and
95.3% discrepancy between desired and actual efficiency in all
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TABLE 9 | Endogeneity.

Model/region Full

sample

East Asia South Asia Southeast

Asia

West Asia

and

North Africa

Central

Asia

Central and

East Europe

CIS

First differences

EFFt−1 0.058*** 0.770*** 0.117*** 0.009*** 0.090*** 0.004*** 0.097*** 0.072***

(0.028) (0.121) (0.0785) (0.0661) (0.053) (0.094) (0.058) (0.487)

HCX 1.031*** 1.051*** −7.871 1.461*** 1.621*** 5.001*** 6.221*** 1.651***

(0.164) (0.473) (6.151) (0.666) (0.369) (0.270) (0.426) (0.821)

HCX 2 −3.402 −3.082 −8.761 2.501 −2.882 1.442 −2.191 5.261

(0.089) (0.579) (0.486 ) (0.654) (0.488) (0.215) (0.938) (0.657)

EXP 0.018*** 0.001*** 0.020*** 0.001*** 0.001 0.003 0.896 0.397

(0.057) (0.002) (0.002) (0.015) (0.013) (0.238) (0.412) (0.396)

ECX*EXP 0.321 0.967 3.924 0.001 0.450 0.003 0.002 0.003

(0.021) (0.000) (0.344) (0.480 ) (0.860) (0.193 ) (0.045) (0.320)

Sargan 233.21 69.97 158.44 230.17 343.11 115.74 365.69 232.34

Turning Point 0.152 0.171 0.102 0.292 0.281 1.733 1.42 0.156

Observations 1,426 69 161 230 345 115 368 92

Orthogonal

EFFt−1 0.021 0.660 0.004 0.024 0.058 0.003 0.082 0.047

(0.401) (0.118) (0.073) (0.649) (0.052) (0.092) (0.107) (0.631)

HCX −2.751 −4.901 3.711 4.381 1.371 −9.211 3.061 −2.911

(0.495) (0.693) (0.441) (0.857) (0.921) (0.242) (0.958 ) (0.606)

HCX 2 1.452 1.312 −8.762 1.192 3.493 4.302 −2.342 5.481

(0.327) (0.794) (0.486) (0.979) (0.917) (0.215) (0.290) (0.575)

EXP 0.009 0.001 −0.001 0.007 0.013 0.002 0.006 0.004

(0.109) (0.002) (0.002) (0.002) (0.012) (0.002) (0.545) (0.224)

ECX*EXP −1.006 0.596 3.925 −0.633 −0.450 −4.131 −0.329 −7.888

(0.400) (5.205) (4.151) (2.990) (2.554) (4.532) (2.153) (0.274)

Sargan 70.87 69.65 173.19 234.07 351.54 115.22 368.64

Turning Point 0.945 1.868 0.212 1.838 0.196 1.071 0.653 0.265

Observations 1,488 72 168 240 360 120 384 96

country 62 3 7 10 15 5 16 6

Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1.

Tests are conducted namely squared residual on X, Glejser test, and Harvey test.

cases. Therefore, the results reveal that the adjustment rate of
economic efficiency substantially varied in the countries during
time periods.

Moreover, turning points for the full sample are substantially
different compared to sub-samples. Looking at orthogonal
deviation, turning points (1.868 million US$ for East Asia and
0.212 million US$ for South Asia) suggest that East Asia need to
expenditures more million US$ of investment in public health
and environment compared to South Asia to be economically
efficient, and South Asia also need to invest around 1.656 million
US$ in healthcare goods and services to catch-up the East Asia in
economic efficient perspective. Similarly, Central & East Europe
needs to invest in healthcare or public health∼1.215 million US$
to catch-up East Asian economies. This explanation exhibits that
investment pattern varies from region to region or country to
country. For instance, East Asia.

On conversely, West Asia, CIS, and Southeast Asia including
South Asia are investing lower amounts in public health, but have
the potential to develop public health systems to be economically

efficient. In some cases, Central and East Europe and East Asia
countries invest more in public health compared to other regions,
even though they have already a better public healthcare system.
However, public health has a direct effect on economic efficiency
through multiple healthcare networks (73, 74).

It is also worth mentioning that the hypothesis of an
inverted U-shaped relationship between economic efficiency and
healthcare expenditures has not been rejected. This means that
healthcare expenditures remarkably impact economic efficiency.

CONCLUSION AND POLICY
IMPLICATIONS

This paper investigates the economic efficiency using a sample of
62 BRI countries over the time period 1996 to 2020. Countries
are categorized into seven regions to explore the regional
performance as well as capture the heterogeneous effects. Further,
non-parametric (DEA) and parametric approaches (SFA) are
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applied in order to measure economic efficiency. Afterward, in
the second stage, econometric analysis has been conducted.

Therefore, economic efficiency scores obtained by DEA,
demonstrate that countries are overall efficient and have excess
potential to better utilize the existing resources e.g., labor
force, capital formation, fiscal sector, and macro-management
in order to attain an optimum level of gross domestic
product and human development index including healthcare and
environmental expenditures. In contrast, economic efficiency
scores obtained by SFA suggest that countries are inefficient
to obtain an optimal level of output/economic objective at
a given level of inputs (observed variables used in the
model). Findings unveil that each region is found to be
economically efficient except South Asia. The possible reason
is a deficiency in the domestic or macro-management and
fiscal sector. In addition, DEA-window suggests that China,
Russia, Pakistan, Italy, UAE, Qatar, Singapore, Poland, are
found to be the best efficient economic country for the
BRI’s project.

On conversely, both fixed and random effect models
produce significant results. Also, the random effect
model adopts specifies the absence of an inverted
U-shaped relationship between economic efficiency,
healthcare, and environmental expenditures, because of
huge cross-country variation demonstrating the dynamic
nature of the relationship between economic efficiency,
healthcare, and environmental expenditures. In addition,
healthcare and environmental expenditures impact
economic efficiency by 154 and 17.6%, respectively,
whereas economic efficiency and environmental
expenditures impact healthcare expenditures ∼14.2 and
70.15%, respectively.

However, the GMM estimate found that the turning point
is well-investigated within the samples, i.e., full sample, East
Asia, South Asia, Central Asia, Southeast Asia, West Asia and
North Africa, Central and East Europe, and CIS. The fact that
East Asia, Southeast Asia, Central Asia, and Europe regions
have larger turning points in terms of contributing tcompared
efficiency comparison to the full sample, South Asia, West Asia
& North Africa, and CIS. It reflects that public health’s planning
and strategies have changed in regions and countries over the
time period.

In addition, in the case of the full sample rate of adjustment
are ∼95% and 92% per annum implied within almost 3 years
for first-difference and orthogonal, respectively. In comparison,
the adjustment rates of economic efficiency are estimated around
23% and 34% for the East Asia, 88.3 and 99.6% for the South
Asia, 99.1 and 97.6% the Southeast Asia, 91 and 94.2% for the
West Asia and North Africa, 99.6% for the Central Asia, 90.3 and
91.8% for the Central and East Europe, and 92.8 and 95.3% for
the CIS in both cases first-difference and orthogonal, respectively.
The variation in the adjustment rate of economic efficiency
exists due to the economy’s structure and the country’s economic

growth. Finally, healthcare expenditure has a remarkable impact
on economic efficiency for the countries and regions.

This study recommends the implications to the practitioners,
health experts, economists, and policymakers based on
empirical findings. Countries should examine the efficiency
analysis before initiating the development projects, i.e.,
healthcare spending and quality development of public
health whether they efficient or not, particularly previous
time period (e.g., lagged year which is estimated ∼98%).
The macro-economic management must be improved by
each country, particularly South Asian countries, West
Asian and Southeast Asian to be efficient. Further, the
total labor force must be better utilized or allocated in
each sector of the economy. Countries must constraint
the budget for public health and the environment by
improving the fiscal sector. Similarly, regions must develop
fiscal integration in order to expand the network (e.g.,
BRI) that could support investment in the long run.
BRI countries should increase healthcare expenditures by
∼80.7 in order to increase economic efficiency. On the
contrary, BRI countries can improve economic efficiency
by increasing the healthcare expenditures by around 95%
through environmental. More precisely, the joint effect of
public health and environmental expenditure can improve
economic efficiency.

The limitations of this study are described as follows: banking
and financial institutes, debt policy, energy-consumption,
transport modes, trade, and political factors. The reason is
that these factors have enormous cross-country variation
based on domestic economic and political systems as
well as geographic diversity. The efficiency scores might
not be exactly investigated. In the end, this study gives
directions to the researchers for future explorations. For
instance, mutual agreement on trade, domestic consumption-
production, modes of transport, transport-network with
shared borders, land covered by the transport sector,
digitalization in the transport sector, and financing would
be included.
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In today’s world, sustainability has become a major concern. The current study attempts

to look into the impact of six sustainable development values on economic growth and

emissions of carbon footprints: freedom, equality, solidarity, tolerance, respect for nature,

and shared mobility. The moderating importance of urban development in regulating the

relationship of economic growth and carbon footprints has also been investigated in this

study. The structural equation modeling (SEM) analysis technique was utilized to confirm

pathways and verify path modeling in this work. Overall, 302 responses were selected

for data analysis, and data were collected using a self-administered questionnaire with a

random sampling technique. The study found that two of the six sustainable development

values (tolerance and solidarity) have a beneficial impact on a country’s economic growth.

However, freedom, equality, respect for nature, and shared mobility are not indicators

of a country’s economic progress. Similarly, economic expansion helps to mediate the

relationship between tolerance, solidarity, and carbon emissions. Although urban growth

did not play a moderating role, it has a positive impact on carbon emissions. The current

study suggests various implications for long-term development to improve an economy’s

or country’s economic performance. Furthermore, complete emphasis must be paid to

sustainable development values, which are more closely linked to economic growth but

also help cut carbon emissions. Future research should look into the current model in

other countries.

Keywords: sustainable development values, economic growth, urban development, carbon emissions, CO2

INTRODUCTION

A country’s economic performance can be directly related to sustainable development and is
suggested by many researchers in past (1, 2). Similarly, carbon emissions plays an important
role in the changing climate. Though, most of the times economic growth contributes a lot
in carbon emission but there is a strong need to eliminate or reduce the association between
economic growth and carbon emission. This could easily lead to green economy which is beneficial
for the coming generations. In past, there have been less focus on finding out the sustainable
development values which could lead to economic growth along with having positive impact on
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carbon emissions. This study focused on finding the relationship
between these values, economic growth and carbon emissions.
It is supposed that urban development could also lead to
increased carbon emissions alongside the economic growth so, its
regulating or moderating role between the two was also studied
in this research.

Humans have a similar aim of sustainable development.
So far, various definitions of sustainable development have
been proposed, with the following being the most widely
accepted: Sustainable development is defined as development
that satisfies current demands without jeopardizing future
generations’ capacity to meet their own (3). The watchword
for international assistance organizations, the vocabulary of
development planners, the focus of conferences and research
publications, as well as the slogan of development and
environmental activists, sustainable development has become a
ubiquitous development paradigm. The widespread attention has
been sought by the idea that other concepts of development have
not, and this type of development is the dominant one and seems
to be on the right track for longer periods of time (4). Improving
the quality of the environment is one of the most important
conditions for achieving long-term development.

China has made considerable headway in environmental
preservation in recent years, but air pollution remains a major
barrier for long-term growth (5). Moreover, it is evident that it is
a difficult task to change some of the human value for achieving
the sustainable development (6, 7). The working relation of
societies, individuals and organizations can be evaluated by
the dedicated attitudes, defining the targets of the individuals
involved. Values, in general, are ideas about desired targets which
govern the choices as well as the appraisal for people, events
and the behaviors ranked according to their relative significance.
The general assembly of the United Nations has the recognition
for the importance of modifications the choices of sustainable
development values set by the people for directing the behaviors
toward larger perspective of sustainable development worldwide.
The General Assembly declared some basic values set which were
equally important for relations among the nations in this era.
The importance of these values in relations of the nations can
be understood by the role of policy making and implementation,
activities of the organizations and behaviors of the concerned
persons. This is the most important task in the current era and
will certainly have a great impact on living quality of the people
globally (7, 8). This would also impact the conservation of the
nature and social values.

The United Nations in their manifesto for the century defined
certain fundamental values of the sustainable development
such as solidarity, freedom, tolerance, equality, sharing of
responsibility, and nature respect. Considering the significance
of the relativity, there is not much understanding for the concept
of sustainability norms, their nature and their role in aiding or
impeding long-term development (9). Globally, GDP is used for
metering the longevity of sustainable development along with
the economic growth of the region. Yet, it could be understood
that sustainable development and growth in the economy have
certain distinct features, raising questions about whether GDP
could be used to measure the sustainable development and the

growth in economy and would be accepted? After the WWII
GDP, became the primary source of measuring tool, when
rapid economic expansion was critical for maintaining stable
international relations. Because it was an excellent method to
give an insight about exchange rate of consumption of energy,
services and the goods and development of the capital as an
indicator accomplishing its function. However, without taking
into account the value of capital whether it be social, human or
natural one, growth in the GDP growth raises disparity in the
income for a certain period of time and a tipping point can be
approached (10).

The Earth Charter expresses sustainable development
principles, but certain specific values termed as the basic values
of the sustainable development were defined and given in the
manifesto for the century (11). Our study on economic growth
and carbon emissions is focused on these core ideas. These
variables provide the basis for assessing the role of sustainable
development on growth in economy and carbon footprints.
Among them freedom of the people’s sustainability values were
given the top priority which is elaborated as genders of women
and men having the right of living with dignity and bring up
their children without fear of violence, oppression, or injustice.
These rights are best protected through democratic governments
elected by the citizen of the country according to the will of
people. The other significant value is equality which defines the
sustainability value as no one, no nation, should be denied the
chance to profit from growth.

Women’s and men’s equal rights and opportunities must be
guaranteed. Solidarity is among the other core contributors as
global issues should be addressed so diligently that there is a
proper distribution of the costs or the burdens which is in
accordance to the standards of fairness and principles of justice.
The people who suffer the most or achieve the lowest profits are
entitled to assistance from those who benefit the most. Similarly,
tolerance has a great potential to offer toward the sustainable
development contributing the economic growth as human beings
must appreciate one another in all of their religious, cultural,
and linguistic variety. Differences within and across communities
should not be feared or suppressed, but rather appreciated
as a valuable human asset. All ethnicities should proactively
cultivate a culture of peace and discussion. Same is the case
with respect for nature in which every living creatures and
environmental assets must be managed with caution. This should
be done according to the sustainable development principles. So,
accordingly the nature’s vast resources be maintained and passed
down to future generations.

In order to ensure our prospective wellbeing and that of
our successors, we should alter our unsustainable patterns of
consumption. Last but not the least is the shared responsibility
which should comply with the sustainable development
according to which there is a responsibility of maintaining
the growth socially and economically, alongside managing the
risks which are associated to peace and security of international
communities and these responsibilities should be shared between
all the stakeholder nations in a multilateral manner. The United
Nations, as the world’s most universal and representative body,
must take the lead. All these value variables are defined according
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to (9) in order to develop scales for measuring the values that
underline sustainable development. The term “carbon footprint”
comes from the phrase “ecological footprint,” which refers to
the entire quantity of gases produced due to greenhouse effects
released to the atmosphere by the human activities of production
and consumption. This also refers to the study of manufacturing
and distribution carbon emission processes that are directly
or indirectly linked to human activities. Carbon footprint has
become a new subject of research throughout the world as
a revolutionary means of quantifying the amount of carbon
generated by human activities (12).

The majority of existing literatures are focused with carbon
footprint computation and evaluation, carbon footprint
reduction approaches, carbon footprint modeling, and
comparisons of carbon footprints from various industries.
There is very little known for computing the impact of
sustainable development values on carbon footprints so, to
check the impact this study was designed. Considerable work
has been carried out in past on the relationship of sustainable
development of the agriculture sector in regards to the carbon
emissions as an idea of sustainable development of this segment
and worldwide economy is significantly important. Around 30%
of worldwide energy consumption is consumed by the agri-food
industry. It also contributes to the release of a considerable
amount of greenhouse gases into the atmosphere. Food items’
carbon footprint is governed by a variety of factors related to
their manufacture. Animal-based foods are more hazardous and
have larger carbon footprints than plant-based foods. The use of
renewable energy sources, as well as the avoidance of chemical
fertilizers and plant protection products, can help to reduce
carbon emissions (13).

Along with sustainable development role in economic growth
and carbon footprints, urban development could also play a
role in regulating the outcomes. Since, urban development
is an old concept so, sustainable urban development can be
considered in determining its role. The amount of urbanization
in a country is a measure of its success in raising the national
quality of living, as well as an indicator of the country’s
economic and overall strength. Cities use limited natural
resources to establish a social economy and constantly improve
living conditions as they urbanize. However, as urbanization
processes proceed, environmental issues connected with urban
economic development emerge, such as urban heat islands,
air pollution, and resource exhaustion. Consequently, good
urban development is a topic of research, and sustainability
is rapidly becoming a focus in urban development (14, 15).
As urbanization accelerates in both developed and developing
countries, urban development that improves urban operations
and creates opportunities for economic development is required
to provide all residents with lifelines, transportation, the
environment, education, medical care, housing, employment,
and other amenities (16, 17).

The provision of equal services and a safe, secure urban
infrastructure will be critical in increasing the value of cities
for inhabitants, business people, and visitors from other
countries. So, moderating role of urban development cannot
be ignored in between economic growth and carbon footprint

(18). This research was focused on certain objectives such as
sustainable development values, their role toward economic
growth and carbon footprints and analysis of moderating role of
urban development.

This study has been structured as first section describe about
the introduction and second section describe about the literature
review. The methodology and data collection has been described
in the third section and fourth section explains about the study
analysis and results. The discussion, concluding remarks and
study limitation has been added in the last section.

REVIEW OF LITERATURE

Foreign Direct Investment Theories and
Their Role in Economic Growth and
Carbon Footprint
Over the years, the link between economic growth and foreign
direct investment gotten tremendous attention. Despite, critical
importance of FDI in economic growth, many policymakers
are unaware of the theoretical relationship between FDI and
economic growth. Theoretical research has shown that FDI is a
significant contributor to the host country’s economic growth.
FDI affects economic growth in two ways as (1). Through
technological spillovers, FDI can encourage the adoption of
new technologies in the production process; and (2). Through
knowledge transfers, both in terms of labor training and skill
acquisition, as well as by introducing alternative management
practices and better organizational arrangements (19).

The capital, manufacturing processes, skills of management,
knowledge of the marketing, products and services, their
advertisement, and company organizational procedures are all
part of FDI. FDI is said to have significant economic benefits
on host economies. In principle, according to the theory of
Exogenous growth, FDI may help a host country’s economy grow
by accumulating cash, introducing new items, and introducing
technology acquired from abroad (20). According to hypothesis
of endogenous growth, Knowledge accumulation in the host
nation can be increased through transferring talents. According
to the endogenous growth hypothesis, it can also increase the
stock of knowledge in the host nation through transferring
talents. It was stressed that FDI contributes significantly to
the host country’s growth of economy growth by generating
investable funds and facilitating technical spill outs (21).

Similarly, as per foreign direct investment (FDI) theory,
investors are the source of transferring pollution of the carbon
emissions to borders across from the high emitting regions to
the countries which are low-income states. Therefore, they are
the responsible of transfer of emissions to the other countries.
Many sectors of the export which use energy the most due to
which the carbon emissions significantly increase, become the
sites of production for countries which invest their capital hugely
and ultimately chip in the reasons of pollution. It is due the
fact that prices for energy are lesser in the regions and the laws
for regulation of such business are nearly meager as compared
to the countries with developed economies (22). Furthermore,
there is an impact of technology transfer on the cycles of carbon
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emissions due to the FDI. This can undoubtedly improve the
technology in the region but with an impact of carbon footprints
in the host country. Consequently, FDI plays an important role
in carbon emissions of the host countries.

Another supportive theory for the current study was carbon
footprint theory according to which, there is currently no
commonly acknowledged and clear definition of a carbon
footprint. However, the concept of a footprint does exist. The
carbon footprint is a summation quantity of carbon dioxide
emissions internally and externally induced by an activity or
generated during the life phases of a product, as proposed by (23).
The carbon footprint, on the other hand, is a measurement of
carbon dioxide emissions (24).

Impact of Sustainable Development Values
on Economic Growth
The virtue of association among progress in economy and
sustainable development value of freedom has been the subject of
several research. Scholars sought to address the same topic having
used the range of methodologies of econometrics and indices of
sustainable freedom to address the question that: can sustainable
freedom play a role in contribution to growth of economy?
Some different researches in past also probed in to identify the
aspects of sustainable freedom contributing toward growth in
economies. Two different schools of thoughts have been evolved
in this regard. Among them, the first one was focusing the
causative relationship among indices of growth in economies
and sustainable freedom (25). The nature of the link between
the level of democracies, governmental, personal, socioeconomic
freedom, and growth was the topic of numerous research
(26). The results of these research were mixed. According to
quantitative or econometric technique utilized by the researchers,
some of the findings revealed that no substantial association
existed, while others revealed the impact of certain characteristics
of sustainable freedom on growth in economy.

Some academics looked at the effects of freedom on growth
of the economies of various nations at certain socio-economic
levels. For the first decade of this century, a panel study was
conducted by them. They took 94 countries as a sample for
the analysis. According to their findings freedom at economic
level showed positive and statistically significant link with
growth in economy among all the participating countries. This
was regardless of their level of income. Others looked at the
connection among freedom at economic level and the status of
30 members economies of OECD countries, focusing on 4 years
between 3 and 7 of the first decade of the century. Economic
independence has a favorable influence on GDP levels, according
to their panel research (27). In certain situations, the influence
of economic freedom on economic development was determined
using different sets of nations and criteria for grouping countries.

Inequality among the genders has been a hot debate among
social economic researchers and other scientific communities.
Gender equality is important globally, according to the United
Nations; yet, inequality of the gender is even more devastating
among few nations, particularly in the continents of Asia and
Africa. Gender inequality, according to researchers, impedes

economic progress for a variety of reasons. Gender disparity and
social hurdles to employment for all socio-economic groups are
created by the economic and social framework, which impedes
long-term economic progress (28). Researchers have shown that
disparity among the genders has a detrimental influence on
economic growth depending on the ability to have education and
other contributing factors. According to the study, education of
the female gender can lower levels of the fertility with the rise in
level of educational of coming generations. Women with greater
education have more work prospects, according to these studies,
which has a direct influence on economic growth (29, 30). This
proves the role of equality for the economic growth of any region.
Another important problem impacted by gender inequality is
health (31). In the literature and in conferences, the connection
between access to healthcare and promotion of health and growth
in economy have been explored. Human capital is essential
for economic progress and is a key component in determining
long-term success. Human capital investment techniques include
increasing education and enhancing health and healthcare access.
According to studies, a clear link was found between growth in
economy and health (32).

For the last several years, politicians, scholars, and
practitioners throughout the world have been more interested
in the potential of the social and solidarity economy (SSE) to
address today’s key concerns, such as hunger, unemployment,
discrimination, social isolation, and climate change. SSE
strives to develop values for the people and local communities
depending upon the collaboration, principles of fairness,
solidarity and inclusiveness. Its efforts are mainly depending
upon satisfying needs of the community and fostering a
sustainable and inclusive society which provide empowerment
to the segments of vulnerable people. In the last decade, the
Korean government has built a number of supporting legislative
frameworks and regulations for SSE and resultantly, a huge
number of organizations and companies have sprung up across
the nation. Alongside, increasing agreement could be seen that in
Korea segments of SEOEs are well-deployed to achieve the goals
of sustainable development, it is less apparent that how good
they are performing regarding practice. The research looked at
economic, social, environmental effects of SSE in South Korea,
as well as how these effects relate to the SDGs (33). A number
of studies also revealed that solidarity could be a leading link
toward sustainable development and the economic growth of
the less developed regions. Tolerance for ambiguity is one of the
dimensions of sustainable development, and it refers to people’s
ability to adjust and conform to new and unclear situations. As
a result, the higher each dimension’s scale, the more people see
different cultures, values, and behaviors. Also, “the capacity to
communicate successfully in cross-cultural circumstances and to
react appropriately in a range of cultural contexts” can be defined
as intercultural competence. Tolerance, on the other hand, is
described as an open-minded and courteous attitude toward
variety, regardless of people’s ethnic, social, or preferred lifestyles.
To some extent, this concept corresponds to the findings of other
scholars. As a result, variables that describe a person’s sentiments
toward individuals from other social groups may be used to
measure tolerance (34).

Frontiers in Public Health | www.frontiersin.org 4 February 2022 | Volume 10 | Article 814656117

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Cai et al. Economy System and Sustainable Development Values

This approach has been extended to various situations in
a closely related literature. Researchers looked at China and
discovered a link between tolerance and GDP per capita, as
assessed by the proportion of a region’s population who come
from other regions of the nation (showing openness) (35).
Consequently, the study attempts to integrate and evaluate
the influence of social tolerance on economic development,
given that tolerance and variety serve comparable functions in
recruiting human capital. This is evidenced by the fact that
tolerance fosters a climate conducive to the development of
human capital, which is essential for economic progress. This is
demonstrated by the fact that highly educated people are drawn
to regions that are known for their inclusivity and diversity (36).

Respect for nature is above everything for the economic
growth as in past, uncontrolled emissions have had a very bad
impact on the climate which is extremely bad for us and the
coming generations. Researchers utilized this integrative idea to
look at how energy reserves needed to create labor and important
resources like minerals deteriorate over time. Anomalies in the
geology offering low-entropy energy stocks an access permitted
current levels of economic expansion (37), and depletion in
their level will raise the level of energy and expenditure which
is required to get access to less accessible quantities. This
kind of thermodynamic deterioration has not been taken into
account in contemporary economic models, and market-based
regulation was built only by neglecting the biosphere’s physical
and biological boundaries (38, 39).

Free-trade proponents, those who believe that technology
will address the difficulties coming forward, and the ones
who get heavy profits by the overuse of resources are three
society divisions that will likely fight a shift in viewpoint
based on respecting natural boundaries as individuals and
economic sectors. The first two supply the gasoline for the
race ahead, while the third provides the tools to complete it.
These performers profit from their ability to tap into people’s
need for novelty, material possessions, social status, and identity.
They see people as self-centered individuals who compete for
wealth and power in social relationships (40). Daly pioneered
the notions of sustainability and circular economies, which
depend on recycling of the resources. Recycling and increased
energy efficiency, on the other hand, may delay but not stop
resource degradation. Furthermore, as Jevons demonstrated
over 150 years ago, improvements in energy efficiency do not
always result in decreased net consumption and might instead
stimulate demand by decreasing prices (41). The impact of
the sharing economy on the environment is largely unknown.
It does not automatically result in lower resource usage and
improved environmental outcomes. It is untrue to say that
the sharing economy is necessarily sustainable. Some experts
even claim that the sharing economy is only a notion used by
entrepreneurs for their own financial gain rather than for the
benefit of others, and that it is unlikely to create a sustainable
change. The sharing economy has changed the way people do
business, spawned new organizational structures, and influenced
consumer culture. The sharing economy, which began as a
movement promising an inclusive economy, democratic and
more sustainable, is now topic of the heated discussion due

to its influence on problems such as privacy, discrimination,
worker rights, and regulation (42). Based on the theoretical and
the literature support on sustainable development fundamental
values, following hypotheses were proposed.

H1: Freedom significantly predicts economic growth.
H2: Equality significantly predicts economic growth.
H3: Solidarity significantly predicts economic growth.
H4: Tolerance significantly predicts economic growth.
H5: Respect for nature significantly predicts economic growth.
H6: Shared responsibility significantly predict economic growth.

Impact of Economic Growth on Carbon
Emissions
Economic growth is a key metric for assessing a country’s or
region’s economic development. Whenever the countries having
a lower growth in economies consume limited resources of
energy, their carbon gas emissions are modest. Nevertheless,
as industrialization progresses, more fossil energy is required,
environmental degradation increases, and carbon emissions
increase. When development in economic levels attains a certain
value, amount of carbon emissions and pollutants steadily
decreases (43). The literature supported the formulation of the
following hypothesis.

H7: Economic growth has a significant impact on
carbon emissions.

Impact of Urban Development
Urbanization has a significant impact on carbon emissions. First,
the amount of urbanization in a nation is intimately linked to
growth in economy. The greater scope of urban development
resulted greater increase in carbon emissions. Improvements
in urbanization levels, on the other hand, can reduce carbon
emissions and so enable low-carbon growth. Sun discovered that
expanding the scope of urbanization promotes improved carbon
emission efficiency in the early phases of urban growth (44).
When the amount of urbanization reaches a crucial threshold,
economic growth lags behind the pace of increase in carbon
emissions. Second, the building of infrastructure during the
urbanization process necessitates a considerable amount of
energy resources, resulting in a rise in carbon footprints.With the
development of new structures and preservations of the existing
available land, Zhou discovered that spatial urbanization was
positively related with carbon emissions. Third, as a result of
urbanization, many people migrate from rural to urban regions,
resulting in a significant rise in carbon emissions (45–48). Urban
development plays an integral role in economic growth and
sustainable development ultimately contributing toward carbon
emissions so, it was necessary to analyze its regulating and
moderating role between economic growth and carbon emission.
The testing of urban development as a moderator was supported
by the previous studies such as (49) in which moderation
of the urban development was tested on the EKC which is
environmental Kuznets curve. The study’s main goal was to look
at the long term effects of growth of the economy, openness
of trading, urban development and energy consumption on
environmental degradation in the country of Turkey, as well
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as the causative relation between the variables taking urban
development as moderator from 1960 to 2016. For the example of
Turkey, the results of the long-run estimators demonstrated that
the existence of a moderating influence of urban development
on indicators of carbon emissions was validated. Furthermore,
while openness of the trading, urban development and energy
consumption were relevant to the projecting carbon footprints,
the moderation of urban development led to carbon emissions in
the short term, according to the causality tests. All this literature
supported the hypothesis development as given below.

H8: Urban development has a significant role toward
carbon emissions.
H9: Urban development significantly moderates the linkage
between economic growth and carbon emissions.

Impact of Economic Growth as Mediator
Between Sustainable Development Values
and Carbon Emission
Sustainable development is highly tied to socio-economic,
human development, and socio-political aspects. Strong
performance of the economy boosts money, particularly
through investments of the capital in healthcare, education and
infrastructure. Following the expansion of manufacturing and
services, the link between development of the economy and
altering levels of money and wealth demonstrates contribution
of the natural capital has decreased, Alongside, the percentage
of capital created and capital which is intangible has grown.
Despite this, present economic paths are unsustainable for
future generations due to the loss of numerous natural resources
(50). Economic growth refers to the gradual expansion in the
economy’s productive capacity through time, resulting in higher
levels of national production and revenue. It denotes an increase
in output or an expansion of the economy. The rise in the value
of an economy’s commodities and services could be referred as
growth in economy.

Growth of economy can be defined and measured as a
percentage growth in output of real GDP. Growth is commonly
assessed in real terms, or inflation-adjusted terms, to account for
the effect of inflation on the price of the products and services
produced. The rise in potential output, or production at “full
employment,” as a result of higher aggregate demand or observed
output is referred to as “economic growth” or “economic growth
theory” in economics. Economic growth is defined as the annual
percent change in national income, which includes all of the
advantages and disadvantages associated with that level variable.
People, on the other hand, prefer to assign a specific value to
the yearly percentage change, maybe because it tells them what
will happen to their paycheck (51). Economic growth has been
studied as a strong link for sustainable development along with
being a predictor of any economy.

Several factors had been contributing toward economic
growth and reported in literature precisely but role of economic
growth as a mediator among other players is very limited
such as sustainable development values and carbon footprints.
The fact is, there is a huge gap in literature in defining

its role as a mediator. A study was conducted in past to
analyze the mediating role of economic growth by (52). This
research basically focused on patterns of carbon emissions
and factors influencing in the country of China. Economic
growth was a mediator of CO2 emissions when it came to
energy consumption, foreign commerce, administration of the
government and industrial structure. Hence, its contribution as
mediator suggested to develop hypotheses testing mediating role
of economic growth between sustainable development values and
carbon emissions. So, following hypotheses were formulated and
tested accordingly.

H10: Economic growth plays amediating role among sustainable
development value of freedom and carbon emissions.
H11: Economic growth plays amediating role among sustainable
development value of equality and carbon emissions.
H12: Economic growth plays amediating role among sustainable
development value of solidarity and carbon emissions.
H13: Economic growth plays amediating role among sustainable
development value of Tolerance and carbon emissions.
H14: Economic growth plays amediating role among sustainable
development value of respect for nature and carbon emissions.
H15: Economic growth plays a mediating role among
sustainable development value of shared responsibility
and carbon emissions.

Based on the literature and hypothesis, following framework has
been established as show in (Figure 1).

RESEARCH METHODS

The positive philosophy supports the current subject of research.
The study is survey-based research and because the data
was collected at a single point in time hence it is cross-
sectional nature research (53). The survey research provides
cost-effective, reliable, and accurate estimates. In the survey,
a self-administrated questionnaire was adopted to gather data.
Where the unit of analysis was employees from small-medium
industries. The sampling technique used in the paper was a
random sampling technique where every participant in the
population has an equal probability of being chosen (54).
Therefore, it minimizes the bias of responses. The total sample
size of the study was 302, however, 350 questionnaires were
distributed among population 48 were screened out during the
screening process. The data was collected using social media
platforms and the questionnaire was designed on Google-Forms.
The excel sheet of responses was generated from Google-Forms
and then transferred into Smart-PLS for structural equation
modeling (SEM).

Instrument Development
The constructs in the current research model were measured
through well-established research instruments. In total,
there were 33 items for nine constructs. There were six
independent variables where freedom, equality, solidarity,
tolerance, respect for nature, and shared responsibility have
three items for each however four for shared responsibility.
The measurement scale for all sustainable values is taken
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FIGURE 1 | Conceptual framework.

from (9). The measurement scales for economic growth,
urban development, and CO2 (carbon emission) were taken
from (52). Where economic growth has three items, urban
development also three items, and CO2 (eight items) (52).
All items were modified merely to adjust them according
to current settings however it has not changed the meaning
of the respective statement. These statements were given on
a 5-point Likert scale from strongly agree (5) to strongly
disagree (1).

Data Analysis Technique
The development of a conceptual model was examined using
the Smart-PLS version 3.3.2 application, which used the Smart-
Partial Least Square Structural Equation Modeling PLS-SEM.
The method is divided into two parts: (i) measurement model
evaluation and (ii) structural model evaluation. Previous research
has recommended that these two processes be traded off
utilizing a one-step technique. The measurement evaluation
shows how all variables in the model are measured, whereas
the structural model assessment identifies how variables in
the model are related to each other. The measurement
model estimation was based on the indicators, construct
reliability, convergent and discriminant validity. However,
the structural model tests the hypothesis based on the
respective original sample (beta values), p-values, t-statistics, R2,
and f2.

RESEARCH METHODS

Demographic Details
The demographics of the respondent are classified into
three categories age, gender, and qualification or education.
Table 1 depicts the demographical summary of respondents
where 52.98% were male respondents and 47.02 percent were
female respondents. Moreover, the age of all respondents
classified as 20 and less years (7.62%), 21–25 (15.56%),
26–30 (33.77%), 31–35 (9.93%), 36–40 (15.23%) and 41–45
(17.88%). The education of respondents were Bachelor and lower
(33.77%), Master (26.16%), Doctorate 26.49%, Diploma, and
others 13.58%.

Reliability Analysis and Measurement
Model Assessment
In the measurement and reliability analysis section authors have
considered factor loadings, construct reliability, Cronbach alpha,
average variance extracted (AVE), and Heterotrait-Monotrait
(HTMT) ratio. The factor loadings are visible in (Figure 2)
where all items in the respective construct have factor loadings
higher than 0.70 thresholds (55, 56). Hence, the indicator
reliability is maintained. The construct reliability was measured
through constructs Cronbach alpha (α), and construct reliability
(CR) and values for each construct is above 0.70 threshold
point as CO2 emissions (0.920), economic growth (0.848),
equality (0.875), freedom (0.892), respect for nature (0.844),
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shared responsibility (0.894), solidarity (0.840), tolerance (0.775),
urban development (0.829). The construct reliability for CO2

emissions (0.935), economic growth (0.908), equality (0.923),
freedom (0.932) respect for nature (0.906), shared responsibility
(0.926), solidarity (0.903), tolerance (0.871), urban development
(0.898). The convergent validity was measured through AVE,

TABLE 1 | Demographics summary.

Demographic %

Gender %

Male 160 52.98%

Female 142 47.02%

Age

20 and fewer years 23 7.62%

21–25 47 15.56%

26–30 102 33.77%

31–35 30 9.93%

36–40 46 15.23%

41–45 54 17.88%

Education

Bachelor and lower 102 33.77%

Master 79 26.16%

Doctorate 80 26.49%

Diploma and others 41 13.58%

Total 302

Table 2 illustrated that all AVE values are above 0.50 threshold
point (57, 58). Hence, the result for convergent validity
is satisfactory.

The discriminant validity is measured through the HTMT
ratio of correlation. The threshold point of the HTMT ratio
is 0.85 (59, 60). The nearer the HTMT ratio close to zero
(0) the better discriminant validity will become. The outcomes
for the HTMT ratio are illustrated in (Table 3), where most
of the values are below the threshold point however several
values are above 0.85, which means the constructs in the
current research model are lacking in discriminant validity hence
more homogenous.

TABLE 2 | Reliability convergent validity analysis.

Constructs Alpha CR (AVE)

CO2 emissions 0.920 0.935 0.642

Economic growth 0.848 0.908 0.766

Equality 0.875 0.923 0.801

Freedom 0.892 0.932 0.821

Respect for nature 0.844 0.906 0.762

Shared responsibility 0.894 0.926 0.759

Solidarity 0.840 0.903 0.757

Tolerance 0.775 0.871 0.694

Urban development 0.829 0.898 0.745

FIGURE 2 | PLS-algorithm.
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FIGURE 3 | PLS-bootstrapping.

TABLE 3 | HTMT ratio.

CO2 EG EQ FR M1 RFN SR SO TO UD

CO2

EG 0.764

EQ 0.924 0.885

FR 0.238 0.244 0.213

M1 0.527 0.481 0.650 0.142

RFN 0.900 0.842 0.921 0.329 0.609

SR 0.863 0.790 0.860 0.284 0.598 0.849

SO 0.919 0.738 0.935 0.223 0.573 0.844 0.800

TO 0.965 0.912 0.934 0.245 0.705 0.850 0.976 0.910

UD 0.921 0.849 0.919 0.286 0.685 0.906 0.948 0.859 0.948

CO2, Carbon emissions; EG, Economic growth; EQ, Equality; M1, Moderating; RFN, Respect for nature; SR, Shared Responsibility; SO, Solidity; TO, Tolerance; UD, Urban Development.

Hypothesis Testing
The structural model estimation was assessed to capture the
casual linkage between constructs in the model. There were 15
hypotheses proposed in the current paper where eight were direct
hypotheses, one moderating effect, and six mediating or indirect
effects. The graphical representation is illustrated in Figure 3 and
Table 4 for direct and indirect effects.

First, four hypotheses were rejected where four sustainable
development values such as freedom, equality, respect for nature
and shared responsibility do not meaningfully predict the
economic growth of a country because the linkage between these
constructs is insignificant as p value = 0.401 , t − statistics =

0.840, p value = 0.280 , t − statistics = 1.080,p value =
0.416 , t− statistics = 0.814 andp value = 0.969 , t− statistics =
0.03. The outcome indicated that hypotheses (H1, H2, H5, and
H6) were rejected. On the other hand, the outcomes p value =
0.000 , t−statistics = 16.611 and p value = 0.021 , t−statistics =
2.311confirmed that two of sustainability development values has
positive significant impact on solidarity and tolerance. Hence, the
hypotheses (H3 and H4) were accepted. In addition, economic
growth has a positive impact on the CO2 (carbon emissions)
p value = 0.000, t − statistics = 36.076, so hypothesis seven
(H7) was accepted. Urban development also has positive impact
on CO2 (carbon emissions) as p value = 0.000 , t − statistics =
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TABLE 4 | Direct and indirect effects.

H Paths O M SD T Statistics P-values Results R2 f2

H1 FR → EG 0.024 0.028 0.028 0.840 0.401 Rejected 0.809 0.003

H2 EQ → EG 0.053 0.053 0.049 1.080 0.280 Rejected 0.004

H3 SL → EG 0.710 0.709 0.043 16.611 0.000 Accepted 0.883

H4 TO → EG 0.130 0.130 0.056 2.311 0.021 Accepted 0.021

H5 RFN → EF 0.053 0.054 0.065 0.814 0.416 Rejected 0.002

H6 SR → EG −0.002 −0.002 0.058 0.039 0.969 Rejected 0.000

H7 EG → CO2 0.766 0.767 0.021 36.076 0.000 Accepted 0.932 4.272

H8 UD → CO2 0.250 0.248 0.027 9.387 0.000 Accepted 0.345

H9 M1 → CO2 −0.008 −0.009 0.013 0.610 0.542 Rejected 0.001

H10 FR → EG → CO2 0.018 0.021 0.021 0.842 0.400 Rejected

H11 EQ → EG → CO2 0.041 0.041 0.038 1.073 0.284 Rejected

H12 TO → EG → CO2 0.100 0.099 0.043 2.325 0.020 Accepted

H13 RFN → EG → CO2 0.041 0.042 0.050 0.811 0.418 Rejected

H14 SR → EG → CO2 −0.002 −0.001 0.045 0.038 0.969 Rejected

H15 SL → EG → CO2 0.544 0.544 0.037 14.847 0.000 Accepted

H, Hypothesis; O, Original sample; M, Sample mean; SD, Standard deviation; CO2, Carbon emissions; EG, Economic growth; EQ, Equality; M1, Moderating; RFN, Respect for nature;

SR, Shared Responsibility; SO, Solidity; TO, Tolerance; UD, Urban Development.

9.387. The moderating effect of urban development on the
linkage of economic growth and CO2 (carbon emissions) remain
insignificant p value = 0.610, t − statistics = 0.542. Hence,
hypothesis nine (H9) was rejected.

Six indirect mediating effects were proposed initially. Among
those, economic growth does not play mediating or indirect role
between four sustainable development values such as freedom,
equality, respect for nature shared responsibility, and CO2 carbon
emissions. The outputs were insignificant statistically hence
the outputs (H10, H11, H14 and H15) showed an insignificant
mediating role of economic growth p value = 0.400 , t −
statistics = 0.842, p value = 0.284 , t − statistics = 1.073,
p value = 0.020 , t − statistics = 2.325, p value = 0.418 , t −
statistics = 0.811 respectively. On the other hand, the hypothesis
(H12 and H13) were accepted as output p value = 0.969, t −
statistics = 0.038 and p value = 0.000, t − statistics = 14.847
showed that economic growth plays a partial mediating role
between tolerance, solidarity, and CO2 carbon emissions. The
values for R2were 0.809 (80.9%) and 0.932 (93.2%) respectively
which means a high impact of independent variables on the
economic growth and carbon emissions. Likewise, effect size (f2)
was also depicted in (Table 4) as it has three large effects, one
medium and the other were small effect size.

DISCUSSION

This study moved around certain things such as role of
fundamental values of sustainable development toward economic
growth, carbon emissions, mediating role of economic growth
among sustainable development values, carbon footprints and
regulating role of urban development between growth in
economy and carbon emissions. Along with these, impact
of economic growth on carbon emission and role of urban
development was also studied. Some of the sustainable

development values showed significant impacts on economic
growth but some showed disagreements with the reported
literature and didn’t contribute significantly toward economic
growth. Our first four hypotheses were rejected including
freedom, equality, solidarity and tolerance and their impacts
on economic growth. Non-significant impact of freedom on
economic growth is evident of lack of elaboration of the
concept of freedom to the respondents as (25) and (61) got
the nearly similar results in their research. Political freedom
had non-significant impact on economic growth whereas our
hypothesis a bit contradictory to their research as their economic
freedom showed significance toward economic growth. Similarly,
contradictory to the results of (62) and (28), our other hypothesis
of impact of equality on economic growth was rejected. Again,
the reason behind such results could be due to the ambiguity of
the equality in aspects of the economic growth such as equality
in education or health etc. Results for impacts of respect for
nature and shared responsibility on economic growth were in
accordance to the results of (37) and (42). These results are
obtained due to the fact that some experts even claim that the
sharing economy is only a notion used by entrepreneurs for their
own financial gain rather than for the benefit of others, and that
it is unlikely to create a sustainable change. Our 3rd and 4th
hypotheses showed significant impact of solidarity and tolerance
and are in accord to the results of (33) and (36). The possible
reason for our results is the fact that concepts of solidarity and
tolerance are providing help to the weak and community on a
whole which ultimately contribute toward economic growth.

Discussing about mediating link of economic growth toward
sustainable development values and carbon emission, it was
evident that there was very limited or a few literature was
available. The reason behind this lacking approach on evaluating
the mediating role of economic growth is that economic growth
itself is a vast field and is affected by many factors rather
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than mediating other variables. Our results showed partial
significance about mediating role of economic growth between
solidarity and tolerance and the results are in accordance to
(52). The possible reason for such partial mediation is the
fact that solidarity and tolerance are the tools of a weaker
or common community which contribute the most toward
economic growth.

Our hypothesis about the impact of growth in economy on
increased carbon footprint emissions was significant in showing
the strong link between the both players and the results are
in accordance to many of the researchers of the past such as
(52), but some researchers were of the view that after a certain
achievement of economic growth there comes a steady decrease
in carbon emissions and some declared that reduced emission
of carbon footprint will result in loss of economic growth
such as (63). The hypotheses about moderating role of urban
development was not supported by the reported literature of
(52), because urban development impacts the carbon footprints
due to the onset of industry and carbon emission processes
and don’t moderate between economic growth and carbon
emission but itself impacts the carbon footprints. which is in
accordance to the results of (45) and (47). Ultimately, sustainable
development values are of great importance for economic growth
of any region.

CONCLUSION

Sustainability has become an important concern in the current
era. The primary predecessor economic, environmental, and
social sustainability is referred for sustainable development. In
2015, the United Nations department of economic and social
affairs released the 2030 Agenda for Sustainable Development
(SDGs). Therefore, studying the role of sustainable development
values in terms of enhancing economic growth and demolishing
the carbon emissions footprints. The current research aims
to investigate the impact of six fundamental values of
sustainable development, tolerance, solidarity, freedom, share
responsibility, and respect for nature on growth in economy
and carbon footprints emissions. Moreover, it explored the
mediation of economic growth and moderation of urban
development. This study used the PLS-SEM analysis technique
to confirm paths and test path modeling. Overall, 302
responses were considered for data analysis, and a random
sampling technique was used while data collection through a
self-administered questionnaire.

The findings of the current paper revealed that two of six
sustainable development values (tolerance and solidarity) have a
positive impact on the economic growth of a country. However,
freedom, equality, respect for nature, and shared mobility
do not predict the economic growth of a country. Likewise,
economic growth plays a partial mediating role among tolerance,
solidarity, and carbon emissions. The moderating role of urban
development was insignificant however urban development
positively influenced carbon emissions. The current research

suggests several implications for sustainable development
to improve economic performance within an economy or
country. Moreover, full attention must be given to sustainable
development values which are more related to economic growth
however to reduce the carbon emission likewise. Future research
is suggested to explore the current model in another country.
Moreover, secondary data can give a clearer picture of the current
findings. In this way, these findings can be generalized more
appropriately and accurately.

LIMITATION OF THE STUDY

The paper has few limitations. First, the study considered the
human responses which were collected through questionnaire
and the findings are reliant on those responses. Therefore, there
may be bias in the findings hence scholars should explore
current model on the basis of secondary data such as [64].
Secondary data can portray a clearer picture. Future research is
suggested to explore the current model in another country. In
this way, these findings can be generalized more appropriately
and accurately. Finally, current research is cross-sectional
hence more research is called to explore current model in
longitudinal research.
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Carbon emissions of animal husbandry have been gaining increasing attention due to

their high share in global carbon emissions. In this regard, it is essential to assess the

regional differences, dynamic evolution patterns, convergence characteristics, and the

impact of livestock structure on carbon emissions of animal husbandry. Using data from

30 provincial administrative regions from 2000 to 2018 in China, this study employs the

Thiel index method, kernel density analysis, and convergence analysis to quantify the

impact of livestock structure on carbon emissions of animal husbandry. The statistical

results reveal that carbon emissions of animal husbandry exhibit a rising and declining

trend. Specifically, the carbon emissions of animal husbandry are highest in agricultural

areas (with a declining trend), followed by agro-pastoral areas (with a declining trend),

and the pastoral areas (with a rising trend). It is further revealed that there are no

δ convergence and β convergence of carbon emissions of animal husbandry. Finally,

essential and useful policy recommendations are put forward to inhibit carbon emissions

of animal husbandry.

Keywords: livestock structure, animal husbandry, livestock breeding, carbon emission, geographical

heterogeneity

INTRODUCTION

Carbon emissions from animal husbandry have been emerged as an essential issue,
affecting the sustainable development of animal husbandry. Besides, they also have a key
constraint to green and low-carbon economic development (1, 2). Excessive carbon emissions
exacerbate global warming and deteriorating environmental quality (3–5), obligating humans
to face severe risks, such as economic stagnation, health damage, resource shortages, and
extreme weather events (6–10). According to the Food and Agriculture Organization of the
United Nations (FAO), animal husbandry has contributed to 9% of anthropogenic carbon
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emissions while emitting 37% of anthropogenic methane, 65% of
anthropogenic nitrous oxide, and 64% of anthropogenic nitrogen
(11)1.

China, the world’s largest meat market, consumes 46% of
the world’s pork, 11% of beef, 18% of chicken, and 48% of
lamb (12). However, China’s per capita meat consumption is
still low compared to that of developed countries. To improve
people’s living standards, the Chinese government has poured
many resources to boost animal husbandry (13). Along with
the rising per capita income, China’s demand for meat products
continues to grow. Among them, beef consumption increased
from 5 million tons in 2000 to 7.7 million tons in 2019 (12,
14, 15) (see Figure 1). For example, Figure 1 shows that pork
consumption (∼20%) accounts for the bulk of meat consumption
in terms of livestock structure, while beef (∼2%) and mutton
(∼1%) consumption account for a relatively small share of meat
consumption. As for the lamb, China is also the world’s largest
importer of lamb, with an expected import volume of 1.38
million tons in 2021 (Organisation for Economic Co-operation
and Development)2. China is also the world’s largest producer
of livestock products (16). Although the increase in livestock
products does improve people’s standard of living, the production
of livestock products brings a large amount of greenhouse gas
emissions such as CH4, N2O, and CO2.

Therefore, as the world’s largest producer of animal
husbandry, mitigating carbon emissions of animal husbandry
has become an essential scientific issue for China to align
with coordinated economic and environmental development
and cope with global climate change (16). Similarly, the dual
pressure of increasing animal husbandry products and reducing
carbon emissions helps improve the efficiency of animal
husbandry development and facilitates the high quality of animal
husbandry. On the other hand, reducing carbon emissions
of animal husbandry is conducive to driving greenhouse gas
emissions reduction (17, 18). For instance, Yao et al. (17) use
the life cycle assessment method to reveal the evolutionary
characteristics of carbon emissions of animal husbandry in
China at both temporal and spatial levels, aiming to provide
a better perspective for implementing energy conservation
and emission reduction at the animal husbandry level. The
Chinese government has also been making significant efforts
to reduce carbon emissions, mainly the dual carbon target
proposed in 2020, which sets new requirements for carbon
emission reduction (19)3. However, scholars pay more attention
to the micro aspects of animal husbandry carbon emissions. For
instance, Zhuang and Li (1) study different feeding methods
or species’ carbon footprints. These micro studies are helpful
for people to scientifically understand the carbon emissions of
animal husbandry, but they cannot provide a direct reference for

1See more detail: https://www.fao.org/home/zh/
2See more detail: https://doi.org/10.1787/agr_outlook-2018-en
3At the Climate ambition summit on December 12, 2020, president Xi Jinping

further outlines detailed arrangements for carbon peaking and carbon neutral

targets, namely, “strive to achieve carbon peak by 2030 and carbon neutralization

by 2060, China’s carbon emissions will drop by more than 65% by 2030 compared

to 2005, the share of non-fossil energy in primary energy consumption will reach

about 25%”.

the formulation of scientific macro carbon emissions reduction
policies of animal husbandry. In addition, some scholars
employ the emissions factor method or life cycle method to
quantify the carbon emissions of animal husbandry at the
macro level, followed by descriptive statistics to analyze the
regional differences. However, the above-mentioned studies only
explain the significant differences in carbon emissions from
animal husbandry among various areas. Still, the trends and
sources of the differences have rarely been discussed. Therefore,
studying the characteristics and drivers of carbon emissions
in animal husbandry is not only conducive to providing
important policy references for exploring the path of carbon
emissions reduction, but also beneficial to achieving low-carbon
development in animal husbandry. Meanwhile, it can also
provide some implications for other developing countries with
similar development to China in the formulation of carbon
emissions reduction policies (20, 21).

To sum up, this study may enrich the existing research in
the following dimensions. Firstly, to examine the temporal and
spatial differences of carbon emissions of animal husbandry
in-depth, this study employs the Thiel index, kernel density
analysis, and convergence analysis methods to systematically
evaluate the sources and convergence of carbon emissions of
animal husbandry. Secondly, this study divides the country into
three areas: agricultural areas, intermingled agricultural–pastoral
areas, and pastoral areas to perform a comparative analysis of the
regional characteristics of carbon emissions of animal husbandry.
Thirdly, the impact of livestock husbandry structure on carbon
emissions of animal husbandry is explored using the econometric
method to clarify the important sources of carbon emissions of
animal husbandry.

The remainder of this study is organized as follows. Section
Literature Review sufficiently gives relevant literature on carbon
emissions of animal husbandry adequately. SectionMethodology
describes the model setting, variables selection, and data sources.
Section Results and Analysis provides the empirical results and
its relevant discussion. Finally, the research findings, policy
implications, and further research directions are summarized.

LITERATURE REVIEW

With the continuous development of animal husbandry, the
resources invested in animal husbandry have increased. While
promoting the economic development of animal husbandry, it
has also caused certain negative impacts on the ecosystem and
climate environment. This study collates the existing literature
from two aspects: the estimation and source analysis of carbon
emissions of animal husbandry and the influencing factors of
carbon emissions of animal husbandry and to provide some
inspiration for this study.

The contribution of livestock to greenhouse gas emissions
is 15%, including about 37% of CH4 (22). For example, the
carbon footprint of animal husbandry in China increased by 71%
from 2005 to 2015 (6). The animal husbandry’s carbon emissions
mainly come from a large amount of excrement and urine carbon
emissions produced by livestock and poultry farming, carbon
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FIGURE 1 | Trends of per capita meat consumption (unit: kg) in China. China statistical yearbook.

dioxide and intestinal gas emissions produced by livestock and
poultry breathing, carbon emissions generated by various wastes
and pollutants in the livestock, and poultry farming process and
other direct carbon emissions (23). However, in the process of
livestock and poultry breeding, the indirect carbon emissions and
environmental pollution caused by resource consumption cannot
be ignored. Many scholars have found that cattle, sheep, and pigs
are the key factors of greenhouse gas (GHG) emissions.

Income growth increases the demand for animal-based
products rather than carbohydrates (24). The consumption of
animal-based foods has increased rapidly over the decades (25).
Increased meat consumption leads to increased production
of livestock and poultry products, leading to greenhouse gas
emissions from animal husbandry. Changing consumption
habits should have a major impact on GHG emissions (26, 27).
Meat consumption is significantly associated with physical health
risks (28). Therefore, it is feasible to encourage consumers to
eat less meat for consumption habits (9, 29, 30). Along these
lines, it is necessary to change consumers’ dietary behavior to
reduce the impact of meat consumption on the environment (31–
33). With the increasing population aging, the per capita meat
consumption may decline; therefore, China’s meat demand may
be overestimated (34). With the rapid development of China’s
economy, meat consumption patterns and attitudes toward meat
have changed (14). Pork is the most consumed meat globally,
accounting for 45% of the total consumption (35). The GHG
emission intensity of pork production is significantly lower than
that of cattle (36). Therefore, changing consumption habits to
reduce beef consumption and increase pork consumption will
reduce carbon emissions.

As the second-largest source of carbon emissions, the
environmental value of carbon emission reduction in
agriculture cannot be ignored. Therefore, differentiated
carbon reduction policies should be formulated according to
regional differences. Recognizing the environmental problems
caused by animal husbandry, the Chinese government has

formulated many policies to promote fecal runoff control, fecal
liquid-solid separation, biogas production, organic fertilizer,
and environmental auditing of large livestock farms (37). At the
same time, the government also establishes a carbon emission
reduction market trading mechanism and compensation policy
(38). With the continuous improvement of marketization, the
appropriate collection of the carbon tax will also be conducive
to low-carbon development (39). Due to the outbreak of the
African Swine Fever in China in 2018, pork prices in China have
risen sharply, and consumption of beef, mutton, and chicken has
increased, which is advertised to greenhouse gas emissions of
animal husbandry. Therefore, curbing pork prices has become
an important task for the government (40). The outbreak
of COVID-19 reduced social activities and carbon emission
reduction (41). From January to July in 2020, the national
catering income was 1,789.1 billion yuan, down 29.6% year on
year, resulting in meat and cold chain loss. However, with the
recovery of catering, meat consumption growth is also driven.
Therefore, animal husbandry carbon emission management
cannot be relaxed because of the epidemic.

The studies on the influencing factors of animal husbandry
carbon emissions can be generally divided into two categories:
macro influencing factors and micro influencing factors. The
first is the analysis of macroscopic influencing factors. Among
them, economic efficiency and production efficiency are the main
factors to curb the carbon emissions of animal husbandry. For
example, the impact of industrial structure, development level
of animal husbandry, and education level of the labor force on
carbon emissions vary from place to place. In contrast, the level
of economic development, population and industrial scale, and
level of animal husbandry have significant promoting effects on
carbon emissions of animal husbandry (42). Dai et al. (36) used
the Kaya identity and LMDI index to decompose the greenhouse
gas emissions of China’s pig industry. They found that the
adjustment of agricultural structure, improvement of wealth, and
population growth were important factors for increased carbon
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emissions. At the same time, the technological progress and
structural change of animal husbandry were important reasons
for carbon emission reduction. Rehman et al. (43) found that
forestry production, rainfall, and temperature positively affected
carbon emissions, while crop production, livestock production,
energy use, and population growth had adverse effects on carbon
dioxide emissions. Vigorously developing a circular economy
and organically combining planting and animal husbandry
can effectively reduce greenhouse gas emissions (16). The use
of renewable biogas based on livestock waste and resource
consumption based on a circular economy can play a mitigating
role in climate change (44). Anaerobic digestion of animal
manure and urban organic waste (MOW) for compressed biogas
(CBG) production can effectively reduce greenhouse gas (GHG)
emissions (45).

There are micro influencing factors as well, including
household behavior, production mode, and environmental
awareness (46, 47). Carbon emissions from animal husbandry
are closely related to many factors, such as the quality of feed
and intake level of livestock (48, 49). A feed with high-density
fiber producesmoremethane, while home-grown feed has a small
difference in the carbon footprint of livestock and poultry and
can reduce methane emissions. Strengthening research on feed
technology is conducive to reducing greenhouse gas emissions
(50–52). In addition, the production model of animal husbandry
also has a significant impact on greenhouse gas emissions (53–
55). Sakamoto et al. (56) believe that the methane emission
intensity under the intensive farming model is low. With the
establishment of the social security system in pastoral areas,
herders are more willing to participate in grassland ecological
protection, which lays an important foundation for reducing
carbon emissions and improving carbon sink capacity (57, 58).
Carbon efficiency can be improved by introducing technology
to change breeding management or ewe reproduction (59). The
combined application of biogas BS and CF (chemical fertilizer)
has the potential to reduce N2O emissions. Feed production
and manure management are the main sources of GHG in pig
production systems in China. Shifting to intensive pig production
and improving feed crop planting and manure management
systems will be key points to reducing GHG emissions from pig
production systems (60).

To sum up, the existing research on carbon emissions of
animal husbandry has achieved substantial outcomes in both
theory and practice, but some gaps need to be further explored.
Firstly, scholars simply compare the carbon emissions of animal
husbandry both temporally and spatially, which makes it difficult
to scientifically capture the distribution pattern of carbon
emissions of animal husbandry (6, 22, 36). Li et al. (47), for
example, reveal that carbon emissions from animal husbandry
increased by 41% during the study period, and the increase in
carbon emissions of animal husbandry was due to the increase
in grazing intensity in the Qinghai-Tibet Plateau region, where
cattle was the largest contributor of carbon emissions. Second,
scholars primarily perform simple descriptive statistics on carbon
emissions of animal husbandry, which can explain the regional
differences in carbon emissions of animal husbandry but cannot
effectively analyze the sources of differences and convergence

(16). Zhang et al. (61) employ the SBM-Undesirable model to
measure the carbon emission efficiency of the livestock industry
in 13 prefecture-level cities (regions) in Heilongjiang province
from 2005 to 2017 and verify that the overall carbon emission
efficiency of the livestock industry in Heilongjiang Province
shows a fluctuating upward trend. The carbon emission efficiency
of the livestock industry has spatial and temporal differences.
Finally, scholars pay more attention to regional carbon emissions
of animal husbandry, while there are fewer investigations on the
characteristics and influencing factors of carbon emissions of
animal husbandry as a whole (17, 62, 63). Therefore, using the
provincial panel data from 2000 to 2018, a systematic quantitative
analysis of the spatial and temporal regional characteristics,
dynamic characteristics, and convergence characteristics of
livestock husbandry carbon emissions, as well as the impact of
livestock structure on carbon emissions of animal husbandry was
performed by employing the Thiel index, kernel density analysis,
and convergence analysis methods.

METHODOLOGY

Emissions Factor Method
The methods for measuring carbon emissions of animal
husbandry are relatively mature, mainly the IPCC emission
factor method and the life cycle method (10, 60, 64). The life-
cycle method requires the measurement of carbon emissions
of animal husbandry from the whole life-cycle of livestock in
six segments, including feed growing, feed processing, livestock
feeding, gastrointestinal fermentation, manure fermentation, and
livestock slaughter. Referring to Li et al. (47), this study employs
the emission factor method to measure the carbon emissions
of animal husbandry. The specific measurement of carbon
emissions of animal husbandry is as follows.

E =
∑

n
i=1TiE

c
i (1)

where E denotes the carbon emissions of animal husbandry.
i denotes the livestock species. Eci denotes the carbon emissions
coefficient. Ti denotes the average rearing period. The average
rearing cycle needs to be adjusted because different livestock
species have different rearing cycles (65). It is assumed that Mi

denotes the slaughter volume (year) and Sit denotes the year-
end stocking volume in this study. Li denotes the life cycle of
the ith species of livestock. This study assumes that the life cycle
of pigs, rabbits, and poultry is <1 year, which are 200, 105, and
55 days, respectively, then the average rearing period is Ti =
Li × Mi

365 . For other animals such as cattle with a life cycle longer

than 1 year, then the average rearing period is
Sit+Si(t− 1)

2 .
According to the IPCC 2007 fourth assessment report, each

unit of methane is equivalent to 25 units of carbon dioxide. Each
unit of nitrous oxide is equivalent to 298 units of carbon dioxide.
The methane emissions coefficients of animal gastrointestinal
fermentation and fecal fermentation are derived from IPCC’s
2006 National Greenhouse Gas inventory guidelines. However,
the nitrous oxide emissions coefficient of livestock manure
fermentation in animal husbandry is calculated concerning the
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TABLE 1 | Carbon emissions coefficient of animal husbandry in China (unit:

Kg/head/year).

Species CH4 N2O CH4 →CO2 N2O→CO2 Ec

G1 G2 G1 G2

Pig 1 3.5 0.53 25 87.5 157.9 270.4

Rabbit 0.25 0.08 0.02 6.125 2 5.96 14.09

Poultry 0 0.02 0.02 0 0.5 5.96 6.46

Cow 68 16 1 1,700 400 298 2,398

Beef cattle 51.4 1.5 1.37 1,285 37.5 408.3 1,731

Horse 18 1.64 1.39 450 41 414.2 905.2

Donkey 10 0.9 1.39 250 22.5 414.2 686.7

Mule 10 0.9 1.39 250 22.5 414.2 686.7

Goat 5 0.17 0.33 125 4.25 98.34 227.6

Sheep 5 0.15 0.33 125 3.75 98.34 227.1

Camel 46 1.92 1.39 1,150 48 414.2 1,612

G1 denotes the fermentation of intestines and stomach, G2 denotes the fermentation

of feces.

study of Zhuang and Li (1). The carbon emission coefficients are
shown in Table 1.

Thiel Index Method
Referring to Theil and Uribe (66), this study employs the Thiel
index method to investigate the spatial differences in carbon
emissions of animal husbandry in China (66). The Thiel index
was calculated as follows.

T =
1

n
·
∑

n
i=1

Ei

µ
ln
Ei

µ
(2)

where n is the number of samples, i.e., 30 provincial
administrative regions in China. Ei denotes the carbon emissions
of animal husbandry in province i. µ denotes the average
value of carbon emissions of animal husbandry in 30 provincial
administrative areas in China.

Kernel Density Method
This study applies kernel density analysis to investigate the
dynamic evolution of carbon emissions in China’s animal
husbandry (67). Kernel density estimation is a nonparametric
method that adopts a slipped peak function to fit the sample
data and utilizes a continuous density curve to describe the
distribution pattern of the variables. It does not involve setting up
a functional form and can engrave the variables’ variations with
a continuous curve. This study sets the probability density of a
group of random variables as f (x). Then, the expression of f (x) is
as follows.

f (x) =
1

nh

∑

n
i=1K(

x− xi

h
) (3)

among them, n represents the number of observed samples,
h represents the bandwidth, xi represents the carbon emissions
of animal husbandry in the i province and K (·) represents the
kernel function, which is the weight function. Soentpiet (68)

proposes that the Gaussian kernel function was superior to other
kernel functions when the form of the function could not be
determined. Therefore, the Gaussian kernel function was selected
for research in this paper. The Gaussian kernel function is shown
as follow:

K(x) =
1

√
2π

e(−
x2

2 ) (4)

Convergence Analysis Method
Convergence analysis explains whether an index in different
regions will shrink with time. If the index is reduced, which
is convergence, otherwise it is divergence. The convergence
analysis method is mainly divided into absolute convergence
and conditional convergence. Absolute convergence is further
divided into δ convergence and absolute β convergence. δ

convergence can usually be expressed in terms of the coefficient
of variation, i.e., a region in which an indicator is shrinking over
time, then δ convergence is considered to be present. Referring
to Zhuang and Li (1), we use the δ convergence method and σ

convergence and absolute β convergence to verify the variance
of carbon emissions in China’s animal husbandry. The specific
measurement is as follows.

CV =
δ

µ
=

1

µ

√

1

n− 1
·
∑

n
i=1(Ei − µ)2 (5)

where σ denotes standard deviation and µ for mean value. The
absolute β converges as shown in Equation (6):

1

t
ln
Ei,t

Ei,1
= α + βlnEi,t + εi,t (6)

where, Ei,1 represents carbon emissions of animal husbandry
in the initial period of the i province. Ei,t represents carbon
emissions of animal husbandry in the t period of the
i province. β represents the convergence coefficient. If it
is significantly negative, indicating absolute convergence. ε

represents the random error term. Conditional convergence
is mainly represented by conditional β convergence. The
measurement of conditional β convergence formula is as follows:

lnEi,t − lnEi,t−1 = α + βlnEi,t−1 + εi,t (7)

lnEi,t = α + (β + 1)lnEi,t−1 + εi,t (8)

where β represents the conditional convergence coefficient. If
it is significantly negative, it indicates that the variable has
conditional convergence.

Benchmark Regression Model
Construction
In order to investigate the effect of livestock structure on carbon
emissions from animal husbandry, the following economic
model is constructed in this study Wang et al. (69).

ACi,t = β0 + β1Structurei,t + β2Xi,t + ui + vt + εi,t (9)

where irepresents the provincial administrative area, and
t represents the year. α and β represents the coefficient vector,
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respectively. u is the area fixed effect, and v is the time
fixed effect. ε is the random disturbance term. The dependent
variable is carbon emissions of animal husbandry (AC). The core
explanatory variable is livestock structure. X is a group of control
variables, including agricultural structure (IND), urbanization
(URB), income level (INC), transportation accessibility (POS),
and income gap (ENG).

Variables Definition
Dependent Variable

Carbon emissions of animal husbandry (AC). The measurement
of carbon emissions of animal husbandry is described in Section
in Emissions Factor Method.

Core Explanatory Variable

Livestock structure (STU). Referring to Fu et al. (70), this study
converts poultry, cattle, and sheep into pig equivalents and
uses pigs to indicate the number of other livestock breeds. In
this way, the share of poultry and pigs in all livestock breeds
can be accounted for and used to indicate the structure of
livestock breeds.

Control Variables

To control the influence of other factors on carbon emissions of
animal husbandry, the following control variables are introduced,
including five variables such as including agricultural structure
(IND), urbanization (URB), income level (INC), transportation
accessibility (POS), and income gap (ENG). Agricultural
structure embodies changes in production and consumption
structures, which have a significant impact on carbon emissions
of animal husbandry. Therefore, referring to Yao et al. (17), the
share of value-added of livestock in value-added of agriculture is
used to measure the agricultural structure (IND). An increase in
urbanization level drives economic development (71), which in
turn leads to an increase in the residents’ demand for livestock
and poultry products. Following Wu et al. (72), the ratio of the
permanent urban population to the total number of people is
used to measure urbanization (URB). A change in income level is
directly related to the demand for livestock and poultry products.
Following Huo et al. (73), income level (INC) is introduced into
the model as a control variable, which is expressed as annual per
capita income. Transportation accessibility accelerates product
distribution with important implications for the consumption of
livestock and poultry products (69). This study uses road area per
capita to measure transportation accessibility (POS). The income
gap affects the marginal propensity to consume of the whole
society, which in turn has an impact on livestock and poultry
products consumption. Following Huimin and Dake (74), the
income gap (ENG) is characterized by Engel’s coefficient.

Data Source
This study applies the relevant data of Chinese provincial
administrations from 2000 to 2018 to test the effect of livestock
structure on carbon emissions of animal husbandry, the spatial-
temporal evolution, and convergence characteristics of carbon
emissions of animal husbandry. Due to the unavailability of data,
Tibet, Hong Kong, Macao, and Taiwan are not included in the

TABLE 2 | Variable definitions.

Variable Obs Mean Std. Dev. Min Max

AC 570 12,109.06 8,790.986 413.58 45,345.33

STU 570 71.91384 23.68239 0.38 97.66

IND 570 87.8303 6.492473 63.55 99.68

URB 570 50.50621 15.02015 23.2 89.6

INC 570 7,078.021 5,109.673 1,374.16 30,374.73

POS 570 118,622.7 71,148.22 4,987 281,181.4

ENG 570 38.97044 8.003126 23.78 62.68

analysis. The data for empirical analysis were derived from China
rural statistical yearbook, China statistical yearbook, China
statistical yearbook wind database, and prospective database4.
Variable definitions are shown in Table 2.

RESULTS AND ANALYSIS

Analysis of the Measurement Results of
Carbon Emissions of Animal Husbandry
According to Equation (1), the study calculates carbon emissions
of animal husbandry in 30 provincial administrative areas in
China. We further divide 30 provincial-level administrative
areas into the pastoral, agro-pastoral, and agricultural areas to
analyze the current characteristics of carbon emissions of animal
husbandry in more detail (see Figure 2)5. Figure 2 depicts the
overall trend of rising and then declining carbon emissions of
animal husbandry. During the period from 2000 to 2006, carbon
emissions of animal husbandry steadily increased and began to
decline sharply after reaching a peak in 2006 (445,811.1 kilotons)
and reached a minimum in 2009 (301,760.1 kilotons), and then
finally increased slowly and showed an overall downward trend.
The trend of carbon emissions of animal husbandry in the agro-
pastoral interlocking areas, agricultural areas, and the whole
country is consistent, and all of them achieved carbon peaking in
2006, which is also in line with the findings of Zhang and Wang
(65). Zhang andWang (65) suggest that China’s carbon emissions
from animal husbandry peaked in 2006. The overall variation
of carbon emissions from animal husbandry shows a fluctuating
and small increase, with the regional variation being the main
source of the overall variation. Judging from the proportion
of carbon emissions of animal husbandry in each area, the
agricultural area has the largest proportion of carbon emissions
with an overall decreasing trend, followed by the agro-pastoral

4See more detail: https://d.qianzhan.com/
5According to the classification criteria of China Animal Husbandry Association,

we divide the study sample into three areas to explore the regional heterogeneity

of livestock husbandry structure on livestock husbandry carbon emissions and the

spatial and temporal distribution characteristics of livestock husbandry carbon

emissions (pastoral, agro-pastoral and agricultural areas). Specifically, pastoral

areas include Inner Mongolia, Qinghai and Xinjiang. The agro-pastoral areas

include six provincial administrative areas, namely, Liaoning, Jilin, Heilongjiang,

Sichuan, Gansu and Ningxia. Agricultural areas cover 21 provincial administrative

areas, namely Beijing, Tianjin, Hebei, Shanxi, Shanghai, Jiangsu, Zhejiang, Anhui,

Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan,

Chongqing, Guizhou, Yunnan, and Shaanxi.
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FIGURE 2 | Calculated results of carbon emissions of animal husbandry from 2000 to 2018 (unit: thousand tons).

area, with a small decreasing trend. On the contrary, the carbon
emissions ratio of pastoral areas is the lowest, with a steady
increase in a small way. One possible explanation is that livestock
and poultry products are the main consumer goods for people,
and their production is closely related to the consumer market.
From the perspective of regional consumer distribution, China’s
densely populated areas are mainly distributed in agricultural
and agro-pastoral areas. The main production positions of
livestock and poultry products are consistent with consumer
areas (17). During the study period, with the introduction of
animal husbandry industry standards, the substandard livestock
husbandry production in agricultural areas and agro-pastoral
ecotone was suspended, resulting in a decline in carbon emissions
in agricultural and agro-pastoral areas. However, there is a large
area of grassland in pastoral areas (75). Herbivorous livestock
husbandry has a large scale, which is relatively less affected by
industry standards, so the carbon emissions of animal husbandry
have increased.

Analysis of the Temporal and Spatial
Characteristics of Carbon Emissions of
Animal Husbandry
In addition, to more intuitively depict the spatial differences
of carbon emissions of animal husbandry, this study draws
the spatial distribution map of carbon emissions of animal
husbandry (see Figure 3) (76, 77). As can be seen from
the spatial distribution map of carbon emissions of animal
husbandry, the provinces with high carbon emissions of
animal husbandry are gradually shrinking, and the carbon
emissions of animal husbandry show regional heterogeneity
(Figure 3). The provinces with the highest carbon emissions
of animal husbandry in China in 2018 were Sichuan and
Inner Mongolia.

Table 3 presents the temporal differences in carbon emissions
of animal husbandry in China using the Thiel index to
characterize each area. Table 3 reveals that the overall carbon
emissions of animal husbandry showed a trend of rising and
then declining with a maximum value of 0.2682 in 2009,
indicating that the overall difference in carbon emissions of
animal husbandry showed small fluctuations. In terms of spatial
distribution characteristics, the Thiel index is the largest in
agricultural areas, the second-largest in agro-pastoral interlacing
areas, and the smallest in pastoral areas, which indicates
the development of animal husbandry in agricultural areas
is significantly different. In contrast, the development of the
pastoral regions is less heterogeneous. The large difference in
carbon emissions of animal husbandry in non-pastoralist areas
may be mainly influenced by the degree of concentration of
livestock and poultry farming. On the one hand, the consumer
population is mainly concentrated in China’s agricultural and
agro-pastoral interlacing areas, thus causing significant demand
for livestock and poultry products (31). However, the degree
of concentration of consumer population in the agricultural
areas and the agro-pastoral interlacing areas is highly variable,
which leads to significant regional heterogeneity in livestock and
poultry farming (78). On the other hand, influenced by natural
conditions and environmental regulations, the heterogeneity of
livestock and poultry farming in agricultural and agro-pastoral
areas is more evident. Thus, the carbon emissions of animal
husbandry show more significant differentiation (17).

The temporal trend shows that the Thiel index decreased for
agricultural and mixed agro-pastoral areas while it increased for
pastoral areas. More specifically, the Thiel’s index for agricultural
areas decreased from 0.3075 in 2000 to 0.2987 in 2018. Thiel’s
index for agro-pastoral areas decreased from 0.2063 in 2000
to 0.1320 in 2018, while the Thiel’s index for pastoral areas
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FIGURE 3 | Change and distribution of carbon emissions of animal husband.

increased from 0.0235 in 2000 to 0.0511 in 2018. The above

results show that although the difference between agricultural

and agro-pastoral areas is greater than that of pastoral areas, the

degree of difference between agricultural and agro-pastoral areas

is gradually decreasing, while the difference between pastoral

areas is increasing. It is obvious that cattle and sheep farming

are the main focus in terms of livestock breeds. Although the

demand for beef and sheep meat in China is rising year by year,

there are differences in the development of animal husbandry

in Xinjiang, Qinghai, and Inner Mongolia, which leads to an

increase in the differences in carbon emissions from animal
husbandry (75).

Analysis of the Dynamic Evolution
Characteristics of Carbon Emissions of
Animal Husbandry
Figure 4 reveals the results of estimating the dynamic effects
of carbon emissions from livestock husbandry using the
kernel density method. Specifically, from 2000 to 2018, China’s
livestock husbandry carbon emissions exhibited a single-peak
characteristic, indicating that overall carbon emissions are
homogenized. Regarding the height of the primary peak,
China’s livestock husbandry carbon emissions show a fluctuating
change trend of first downward and then upward, which
reached the highest value in 2010, indicating the differences
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TABLE 3 | Theil index of carbon emissions of animal husbandry.

Year The total Pastoral Agro-pastoral Agriculture

area area area area

2000 0.2551 0.0235 0.2063 0.3075

2001 0.2515 0.0213 0.2082 0.3018

2002 0.2514 0.0211 0.2070 0.3024

2003 0.2489 0.0271 0.1939 0.3018

2004 0.2531 0.0397 0.1826 0.3089

2005 0.2571 0.0513 0.1807 0.3126

2006 0.2643 0.0593 0.1821 0.3207

2007 0.2638 0.0569 0.1700 0.3172

2008 0.2634 0.0550 0.1685 0.3028

2009 0.2682 0.0784 0.1674 0.2946

2010 0.2539 0.0878 0.1404 0.2828

2011 0.2463 0.0771 0.1209 0.2878

2012 0.2462 0.0680 0.1223 0.2919

2013 0.2447 0.0600 0.1200 0.2928

2014 0.2470 0.0583 0.1194 0.2972

2015 0.2545 0.0631 0.1195 0.3058

2016 0.2561 0.0611 0.1181 0.3080

2017 0.2554 0.0537 0.1208 0.3024

2018 0.2602 0.0511 0.1320 0.2987

of China’s livestock husbandry carbon emissions among areas
show fluctuating changes. In addition, the kernel density center
shows a rightward and leftward shift characteristic, indicating
that the carbon emissions of livestock husbandry in each
area of China increase first and then decrease. From the
trailing perspective, there is an evident phase of the right
trailing phenomenon in livestock husbandry carbon emissions
from 2000 to 2018, which experiences the evolution trend
of “widening-convergence-widening”, indicating that there is
a significant dynamic change of livestock husbandry carbon
emissions (expanding and shrinking in each area).

In addition, the kernel density of carbon emissions from
husbandry in pastoral areas shows different results. In terms
of peak value, carbon emissions of animal husbandry from
2000 to 2018 also exhibit single-peak characteristics, indicating
that carbon emissions are homogenized. From the height of
the primary peak, the kernel density of carbon emissions of
animal husbandry in pastoral areas showed a decreasing trend
from 2000 to 2010. It then showed an increase afterward,
which indicates that the differences in carbon emissions of
animal husbandry in various areas show fluctuating changes from
high to low. The distribution of kernel density center reveals
that the kernel density center of carbon emissions of animal
husbandry in pastoral areas shows a rightward shift characteristic
from 2000 to 2005, after which the change of kernel density
center is insignificant, suggesting that the carbon emissions of
animal husbandry in each province and region increase and later
decrease. The trailing phenomenon reveals that the right trailing
phenomenon of the kernel density of carbon emissions of animal
husbandry from 2000 to 2018 is not obvious, which indicates that

the differences in carbon emissions of animal husbandry between
pastoral areas are relatively low.

An unexpected result is that the kernel density of carbon
emissions of animal husbandry in agricultural areas shows
characteristics that are largely in line with those of the total area.
From the peak value, the kernel density distribution of animal
husbandry carbon emissions shows a single peak characteristic
from 2000 to 2015 while showing a large and small peak
characteristic in 2018, indicating that carbon emissions are
mainly a unitary pattern. However, there is a possibility of multi-
polarization. From the height of the primary peak, the change of
the kernel density of carbon emissions of animal husbandry from
2000 to 2005 is low, rising to the highest point in 2010 and start
falling in 2015, then rising again in 2018. This trend indicates
that the difference in carbon emissions of animal husbandry
in each area shows fluctuating changes. In addition, the kernel
density of carbon emissions of animal husbandry shows a left-
shifting characteristic, which indicates that the carbon emissions
of animal husbandry in each area show a dynamic change
characteristic of decline. From the trailing effect, the kernel
density of carbon emissions of animal husbandry from 2000
to 2018 shows an apparent right trailing feature, indicating
significant differences in animal husbandry carbon emissions in
agricultural areas. These differences present the dynamic change
characteristics of narrowing, expanding, and again narrowing.

Analysis of Carbon Emissions of Animal
Husbandry Convergence Result
Figure 5 reveals the convergence scenario of carbon emissions
of animal husbandry in China using the coefficient of variation
method. It can be observed that the coefficients of variation
of carbon emissions of animal husbandry in pastoral, agro-
pastoral, and agricultural areas, as well as in the total area,
show a small trend of variation. Although the coefficients of
variation of carbon emissions of animal husbandry in the
total area and the agricultural area are higher, the changes
are low, which indicates that there is no δ convergence of
carbon emissions of animal husbandry in the total area and the
agricultural area. The variation coefficients of carbon emissions
of animal husbandry in pastoral and agro-pastoral areas are more
significant. Among them, the coefficient of variation of carbon
emissions of animal husbandry in pastoral areas changes from
low to high with a maximum value in 2010 and then decreases
slowly. The coefficient of variation of carbon emissions of animal
husbandry in agro-pastoral areas shows a gradual downward
trend overall. Still, there is a slow upward trend since 2016, which
indicates that there is also no δ convergence in pastoral, and
agro-pastoral areas.

Table 4 reports the estimation results for the absolute β

convergence. Table 4 reveals that the β values of carbon
emissions of animal husbandry are significant whether in the
total area, pastoral area, agro-pastoral area, or in the agricultural
area. Meanwhile, carbon emission levels are higher in pastoral
areas than in agricultural areas, as well as there is a trend of
convergence in performance levels across regions. However, β >

0 indicates that there is no absolute β convergence of carbon

Frontiers in Public Health | www.frontiersin.org 9 February 2022 | Volume 10 | Article 835210135

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Shi et al. Impact of Livestock Structure on Carbon Emissions

FIGURE 4 | Dynamic changes of carbon emissions of animal husbandry result. (A) The total area. (B) Pastoral areas. (C) Agro-pastoral areas. (D) Agricultural area.

emissions of animal husbandry in each area. Moreover, the
coefficient of β also indicates that the convergence is faster within
pastoral areas, followed by agricultural areas, and slowest in
agro-pastoral areas. In order to further facilitate the convergence
and reduce the differences in carbon emissions among different
regions, it is necessary to take certain policy measures to
strengthen the exchange and communication between regions
in terms of carbon reduction technology and management
system arrangement so as better to promote the diffusion of
advanced technology and management concepts. Table 5 reports
estimation results of conditional β convergence, revealing that
the (β + 1) values of carbon emissions of animal husbandry are
significant in total, pastoral, agro-pastoral, and agricultural areas.
However, (β + 1) > 0 indicates that there is no conditional
β convergence of carbon emissions of animal husbandry in
each area.

Analysis of Benchmark Regression Result
To validate the robustness of results, the regression results of
the panel fixed effects (FE), random effects, and OLS models are
also given (see Table 6). The regression results show that the
structure of livestock restrains the increase of carbon emissions
of animal husbandry, and the coefficient of livestock structure
is significantly negative at a 1% confidence level. The reasons
for this result are as follows. Firstly, the livestock structure
reflects the proportion of poultry and pigs in animal husbandry.
The carbon emissions coefficient of poultry and pigs is lower
than that of ruminants, cattle, and sheep, so the higher the
livestock structure, the lower the carbon emissions of animal
husbandry (65). Second, with the rising income level in China,
Chinese residents’ consumption of beef andmutton has gradually
increased. To enrich people’s meat pots, the Chinese government
encourages and supports the development of animal husbandry,
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FIGURE 5 | δ convergence result.

TABLE 4 | Absolute β convergence result.

Convergence Total Pastoral Agro-pastoral Agricultural

area area area area

β 0.0625*** 0.0910*** 0.0174** 0.0620***

(0.003) (0.009) (0.007) (0.004)

α −0.5654*** −0.8767*** −0.1447** −0.5561***

(0.029) (0.093) (0.067) (0.033)

Ob. 570 57 114 399

N. of id 30 3 6 21

Standard errors in parentheses; ***p < 0.01, **p < 0.05.

especially the regulation and subsidies of pig breeding (60). Chen
et al. (60) report that China’s pig production system has moved
toward having a positive impact on GHG emission reduction and
that the pig industry still has considerable potential for GHG
emission reduction. For example, the Chinese government has
successively promulgated the national plan for the development
of live pig production (2016–2020), the guiding opinions on
accelerating the development of modern animal husbandry in
the main grain-producing areas in the northeast (2017), and the
opinions on stabilizing live pig production for transformation
and upgrading (2019). The livestock structure has gradually
improved, and the carbon emissions of livestock husbandry have
shown a decreasing trend. Third, as China’s aging population
continues to rise, China’s consumption of animal products should
gradually decline according to the elderly’s idea of less meat
consumption to relieve the pressure on the development of
animal husbandry and promote the high-quality development of
animal husbandry.

Analysis of Robustness Test Result
This study performs robustness tests in two aspects. (1) Excluding
idiosyncratic sample values. There are more idiosyncrasies
between Chinese municipalities and other provincial-level
administrative regions, so following Song et al. (79), this study

TABLE 5 | Conditional β convergence result.

Convergence (1) (2) (3) (4)

Total Pastoral Agro-pastoral Agricultural

area area area area

β+1 0.8869*** 0.8572*** 0.8024*** 0.8962***

(0.022) (0.059) (0.053) (0.026)

α 1.0126*** 1.4060** 1.8563*** 0.9005***

(0.200) (0.579) (0.492) (0.235)

Observations 540 54 108 378

R-squared 0.760 0.807 0.698 0.763

Number of id 30 3 6 21

Standard errors in parentheses; ***p < 0.01, **p < 0.05.

excludes sample data from fourmunicipalities (Beijing, Shanghai,
Tianjin, and Chongqing) to re-estimate the empirical results
(see columns 1 and 2 of Table 7). Second, the endogeneity test
is executed. Referring to Wang et al. (69), the 2-lagged period
of animal husbandry structure is selected as the instrumental
variable. The empirical results are regressed again using the
two-stage least square method (2SLS) (see columns 3 and 4 of
Table 7). This study reveals that animal husbandry structure still
significantly inhibits carbon emissions from animal husbandry,
thus implying that the results of this study are robust.

CONCLUSIONS AND POLICY
IMPLICATIONS

It is necessary to formulate effective emissions reduction policies
to clarify the regional differences, dynamic evolution patterns,
and structures of carbon emissions of China’s animal husbandry.
This study verifies the impact of livestock structure on carbon
emissions of animal husbandry using panel data of provincial
administrative regions in China from 2000 to 2018. Firstly, this
study estimates the carbon emissions of animal husbandry in
provincial administrative regions of China through the emission
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TABLE 6 | Benchmark regression result.

Variables (1) (2) (3) (4) (5) (6)

OLS OLS FE FE RE RE

Structure −0.3621*** −0.6346*** −0.1381*** −0.1745*** −0.1427*** −0.1880***

(0.073) (0.042) (0.046) (0.041) (0.046) (0.042)

Industry −2.0987*** −0.7963** −0.7742**

(0.402) (0.348) (0.364)

Urban −0.9970*** −0.0231 −0.1910

(0.143) (0.125) (0.130)

Income −0.0141 −0.1408*** −0.1151***

(0.053) (0.031) (0.033)

Postal 0.7156*** −0.0431 0.1287***

(0.026) (0.048) (0.045)

Engel −0.5158*** −0.2306*** −0.2470***

(0.135) (0.062) (0.066)

Constant 10.5608*** 18.8011*** 9.6255*** 15.9725*** 9.6447*** 14.4623***

(0.306) (1.805) (0.194) (1.503) (0.260) (1.550)

Observations 570 570 570 570 570 570

R-squared 0.042 0.769 0.016 0.249

Number of id 30 30 30 30 30 30

Standard errors in parentheses; ***p < 0.01, **p < 0.05.

TABLE 7 | Robustness test result.

Variables (1) (2) (3) (4)

Excluding

idiosyncratic

sample

values

Excluding

idiosyncratic

sample

values

2SLS 2SLS

Structure −0.1563*** −0.1962*** −0.3976*** −0.7079***

(0.044) (0.039) (0.080) (0.049)

Industry −0.9844*** −2.1575***

(0.334) (0.422)

Urban −0.3316** −0.9762***

(0.131) (0.153)

Income −0.0353 −0.0072

(0.035) (0.055)

Postal −0.0248 0.7336***

(0.047) (0.028)

Engel −0.1903*** −0.4119***

(0.063) (0.140)

Constant 9.9553*** 17.0562*** 10.7049*** 18.6558***

(0.183) (1.456) (0.336) (1.879)

Observations 494 494 540 540

R-squared 0.026 0.267 0.042 0.768

Number of id 26 26 30 30

Standard errors in parentheses; ***p < 0.01, **p < 0.05.

factor analysis method and then investigates the spatial and
temporal evolution and convergence characteristics of carbon
emissions of animal husbandry using kernel density estimation,

Thiel’s index method, and convergence analysis method. Further,
this study examines the effect of livestock structure on carbon
emissions of animal husbandry. Major findings include the
following. There is a rising and then declining carbon emissions
trend from animal husbandry. In terms of different regions, the
share of carbon emissions of animal husbandry in agricultural
areas is the largest with an overall declining trend; the share
of carbon emissions of animal husbandry in intermingled
agricultural and pastoral areas is the second largest with a
slightly declining trend; the share of carbon emissions of
animal husbandry in pastoral areas is the lowest, but shows a
steady rise in a small range. In terms of spatial distribution,
the differences between provinces/regions with high carbon
emissions of animal husbandry gradually narrow and show
significant spatial heterogeneity characteristics. Moreover, the
carbon emissions of the animal husbandry industry did not
pass the convergence test. Finally, livestock structure significantly
inhibits carbon emissions of animal husbandry.

In order to reduce carbon emissions of animal husbandry
through a reasonable livestock structure, some necessary policy
implications should be performed.

(1) Policymakers should strengthen the regulated development
of animal husbandry and animal husbandry management
to reduce carbon emissions of animal husbandry. For
example, policymakers can establish a relevant leadership
group in the livestock sector in each region and assign
responsibility for the corresponding carbon emission
reduction targets to individuals and posts to ensure the
successful implementation of carbon emission reduction
work. In line with the spatial heterogeneity of carbon
emissions of animal husbandry, policymakers should
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adopt differentiated policies to ensure sufficient animal
husbandry products while focusing on improving the
quality of animal husbandry development and reducing
carbon emissions.

(2) Policymakers should further optimize the structure of
livestock and poultry, raising the share of pigs and
poultry in animal husbandry and reducing the share of
cattle and sheep in animal husbandry. The culture of
catering influences people’s demand for livestock and poultry
products, so optimizing the structure of livestock and poultry
is more difficult. Policymaking should play the function of
government and social organizations to change restaurant
culture, progressively reduce the proportion of beef and
sheep meat consumption, and reduce the carbon emissions
of animal husbandry at the demand side.

(3) Policymakers should strongly motivate livestock production
enterprises to carry out research and develop low-carbon
equipment actively and fully realize the transformation of
technical achievements. Through government guidance, a
low-carbon technology development system and application
system for animal husbandry integrated with industry-
university research is established as a way to reduce carbon
emissions in animal husbandry.

(4) Policymakers should strengthen international trade
and international cooperation of animal husbandry
products through worldwide coordination of animal
husbandry product resource allocation to maximize the
global husbandry development structure and reduce
the overall carbon emissions of animal husbandry.
Furthermore, policymakers can also introduce advanced
technologies, equipment, and management practices to
improve the carbon emission reduction capacity of animal
husbandry in order to ensure the low-carbon sustainable
development of China’s animal husbandry with advanced
international technologies.

Although this study analyzes the influence of animal husbandry
on carbon emissions of animal husbandry, there are still some
limitations because of the constraints of sample size and method

selection. For example, when this study investigates the effect
of livestock structure on carbon emissions of animal husbandry
in a regional heterogeneity context, the empirical results are
not desirable owing to the small sample size of the study
after grouping. Therefore, future research can utilize analytical
methods such as big data or the data at the prefecture level to
carry out specific analyses of the above results to yield more
accurate results. Moreover, industrial agglomeration, climatic
conditions, and people’s preference for meat may also be major
factors influencing livestock structure and carbon emissions of
animal husbandry. Therefore, the above perspectives can be
used to diversely evaluate their significant impacts on carbon
emissions of animal husbandry in the future.
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Rapid and widespread changes in the environment and climate, such as rising

temperatures, water and air pollution, floods, and droughts, disease vector migration

are putting human health at risk. In this case, green governance is an essential driver for

the restructuring of economic development and realizing a green technological revolution

for sustainable development and its implications for public health. This article aims to

explore the effects and interrelationships of green governance and green finance policies

on sustainable development in various regions of China’s from 2008 to 2018 using panel

data estimation technique. The findings show that China’s overall green governance

index and green finance policies resulted in a substantial decrease in environmental

pollution during the study time. Financial inclusion also be a factor to the reduction

of CO2 emissions and has a positive influence on environmental security investment

projects, according to our findings. China is on track to become a world leader in an

enactment of green finance concept, and controllers must speed up the development

of green finance products and strengthen financial institutions’ ability to provide green

credit. Policymakers should promote green governance and green fiancé to keenly play

a part in environmental security projects that boost green spending while minimizing the

procedural risk.

Keywords: green finance, green governance efficiency, generalized panel three-stage DEA, provincial, public

health

INTRODUCTION

The industrial sector in China accounts for 34.3% of the country’s GDP (1). It does, however,
consume ∼70% of the entire energy utilization of China and emits about 80% of the unwanted
gases (2, 3). The Chinese government has taken substantial steps in recent years to fully utilize its
manufacturing solid waste, treatment of sewage, and eliminate unwanted gases. In background, a
complete evaluation of China’s manufacturing and waste treatment functioning will uncover the
country’s previous losses and gains, allowing future policy adjustments and improvements to be
made (4). Recently the China’s industrial sector which is high energy and emission intensive in
other words the environmental efficiency, green manufacturing, and green energy efficiency has
taken much intention of scholars (5, 6). In 2004, scholars applied an input based data envelopment
analysis (DEA) to investigate China’s environmental effectiveness in industry, the findings shows
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that out of 30 China’s provinces only five were environmentally
efficient (7). From 1997 to 2008, a Malmquist index was used
to examine energy effectiveness in China’s district manufacturing
parts, and it was discovered that technological advancement was
the most important factor in increasing China’s manufacturing
energy efficacy. From 1998 to 2009, a non-radial DEA was
used to examine China’s regional environmental performance.
They noted that during this time, the country’s environmental
efficiency increased by 58% in Industry sector, with high-tech
advancement being the primary driver (8). From 1980 to 2010,
a Luenberger index was used to find green output across China’s
manufacturing areas, demonstrating that China’s industry has yet
to find a path toward less-carbon, sustainable development (9).

The green economy is a key tool for achieving sustainable
development and describes an effective path to it (10). Energy
consumption of china constantly rising and its becoming world
largest consumer of the world due to rapid urbanization and
industrial development (11–14). However, the environment
has been severely harmed (15, 16), and effluence has increased
(17, 18). As a result, in the face of economic change, China
has realized that for economic benefits ignoring the principles
of green economic development causes unsustainability.
Green governance efficiency (GGE) is a major element for
achieving sustainable growth because it combines environmental
sustainability and economic development (19). Under resource
constraints, GGE is defined as achieving higher economic output
with minimal environmental cost. A thorough examination of
China’s GGE reveals the attribute of the country’s economic
development and, as a result, contributed significantly to
worldwide long-term growth.

Despite the fact that in 2013 the coal consumption of China
peaked, in 2014 fossil fuels quiet consisted of 87.67% of the
country’s whole energy consumption, and China’s coal utilization
accounted for 52% of world carbon emissions (20). China, in
particular, exceeded the United States in emitting carbon in
2006 and had become the world’s greatest carbon emitter and
in 2010 China become the world’s largest energy consumer,
consisted of roughly 28% of global CO2 emissions. Since 2015, the
consumption of coal in China has reduced although coal energy
was accounting for 70% of whole energy consumption in 1978
and in 2017 it roughly account for 21% of whole global CO2

emissions (21). Furthermore, energy demand in China continues
to rise and has consistently been the maximum in the Globe. Due
to its “rich coal, meager petroleum, and little gas” natural resource
allocation, China’s energy structure is coal-based, with a low
fraction andminor function of qualified energies such as gasoline
and natural gas compared to the global average. Coal causes a
much high degree of CO2 emission coefficient than gasoline or
natural gas. Given that coal’s dominant position in China’s energy
structure is unlikely to change anytime soon, increased pressure
on CO2 emissions and quality control of air is expected to escort
China’s continued regional and economic development (22).

Green governance is a developing field that is gaining more
and more attention from academics and is gradually becoming
a focal point of policymaking in various governments worldwide.
But the development of green governance is frequently hampered
by a lack of clarity in the definition of various subjects’

responsibilities and the desire for capital on the part of
governments, businesses, and individuals in general (23–26).
This has resulted in a current practice of green governance that is
often limited to the spontaneous production of green goods and
services as well as the management of green supply chains and
administration of green administration of one single subject. For
green governance to be effective, organizational boundaries must
be broken, relationships between multiple governance subjects
must be coordinated, a synergetic mechanism based on trust
and contract must be built, and a governance mode of open
innovation must be explored in order to achieve the goal of
sustainable development for both humans and nature.

As a result, this manuscript first develop a green governance
estimation index system to scientificallymeasure the effectiveness
of green governance in every province. The resource contribution
adjustment pathways of green governance is then clarified based
on the redundancy analysis. Finally, the panel quantile regression
is applied to investigate the impact of green governance and green
finance on environmental sustainability. Our contribution also
includes a three-stage DEA model-based empirical evaluation of
Chinese provinces.

Rest of the paper is designed as follows: Section Literature
Review discuss the green governance and environmental
quality literature; Section Method and Data Sources presents
the data and methodology; Section Results and Discussion
presents the results analysis; and finally Section Conclusions
and Policy Implication conclude the study and provide policy
recommendation for decision maker.

LITERATURE REVIEW

Green Governance and Environmental
Quality
Green governance research is still scarce, and most of it is
based on ecological theory. Because of the various research
objectives, scholars’ definitions of green governance are also
quite different. There are three types of definitions available.
To begin with, governance is confused with management.
Green governance, according to Rajesh (27), is the government’s
idealistic, tactical, and involved sustainable natural resource
administration. Second, governance and governance structure
are synonymous. Green governance, according to Nansikombi et
al. (28), consists of five structures: norms, common objectives,
involvement, communication, and resources. Finally, sustainable
development is defined as green governance. Green governance,
according to Omri and Ben Mabrouk (29), is a long-standing
social, economic, and ecological sustainability.

While governance is a multidisciplinary idea, researchers’
interpretations of its meaning and characteristics are generally
consistent. Scholars agree that governance is an organizational
ordering which is used to resolve disputes among investors,
enabling them to take combined actions in order to reach
systematic results. Synchronization, collaboration, and
systematic decision-making are clearly the hallmarks of
good governance. According to Yin et al. (30), governance
has the subsequent characteristics: (1) Governance is distinct
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from management and is based on synchronization rather than
control. (2) Governance comprises a number of interconnected
parties, including the public and private sectors, as well as
economic organizations. (3) Governance emphasizes the
importance of balancing benefits and making systematic
decisions. (4) Governance is a uninterrupted contact with the
goal of maintaining relationship continuity.

The term “green” has a lot of different meanings. Green is
both a sign of life and the color of nature’s background. As
a result, green is frequently used to refer to social, economic,
and ecological procedures, that can also signify humanity’s
association with nature (31). In the current state of mankind’s
relationship with nature, the following fragility factors have been
observed. For starters, because nature is a silent contributor,
the association between nature and mankind is neither a
harsh limitation nor a totally effective game law (32). Due
to the typical principal–agent characteristics, there is a wide
range of human opportunism, which necessitates the use of
suitable approaches to defeat it. Second, green is the most
equitable public good. A healthy eco-friendly environment is
a critical component of human survival and development. The
destruction of eco-friendly environment has direct influence on
human manufacturing and life, necessitating the creation of a
human fortune society, establishing strong regional and global
collaboration, and allowing participants to share “green” in a
reasonable and sensible way (33). Third, green activities have a
high degree of externality, implying that they affect all aspects
of the social, economic and ecological system (e.g., government,
companies, known organizations, the nature, and community).
In terms of decision-making, these subjects are autonomous
and decentralized. Self-regard maximization can easily lead to
irregularities in participant behavior and the overall goal. As a
result, such an endeavor necessitates coordination of the various
participants’ interests, demands, and responsibilities.

Since ecological factors has got a global attention, green
governance also has become the hot topic for scholars. It
has become an global frontline concern. Green governance
is the result of a four-stage evolution process that includes
the conventional growth outlook, sustainable growth outlook,
“green plus,” and green governance (34). Manhood lived in
landscape with surprise and terror during the period of
primitive evolution. Manhood exploited resources of nature and
advanced to acquire ingredients and additional profits while the
farming evolution. Despite the massive increase in productivity
that resulted from the industrial revolution, tensions between
mankind and nature grew during the industrial civilization.
Many economists at the time used resource scarcity theory (i.e.,
the “traditional development view”) to investigate the association
among economic growth and natural resources. la Cruz et
al. (35) was primarily concerned with the interplay between
population, environment and resources. If there is constant rise
in population, he believes that it will grow at a symmetrical rate,
while bodily resources will only grow at an arithmetic rate. If
persons consistently to spend huge quantities of natural resources
while disregarding their limited availability, the equilibrium
between manhood, and nature will be destroyed, resulting in
a catastrophic population reduction. Ju et al. (36) proposed

the idea of “relative resource scarcity theory,” which states that
technology can compensate for resource scarcity in a limited
way. He believed that technological advancement could resolve
the human-nature conflict. However, one point that cannot be
overlooked is that technical advancementmay result in ecological
issues. Peng et al. (37) joined the opinions of Malthus and
Ricardo, believing that the population and a country’s natural
resources, and capital should all stay stable at a distance from
natural resource limits in order to avoid food shortages and the
loss of natural beauty.

The global natural environment has gotten a lot of attention
in recent years, and the global society has offered models like
green economy, green growth, and green development. Apart
from minor semantic differences, green economy, green growth,
and green development are all applied interchangeably in reports
from various international organizations (38). Pearce primarily
offered the idea of a green economy in his volume Blueprint for
a Green Economy, published in 1989, and recommended that
the environment and the economy are intertwined. Moreover,
this book only focuses the term “green economy” to refer
to environmental strategies rather than recommending the
model. The United Nations Environment Program (UNEP)
presented the concept of green economy in 2007, and it is
defined as “an economy that emphasizes people, nature, and
the creation of high-paying jobs.” The definition was changed
to “an economic development model that improves human
welfare and social equity while greatly reducing environmental
damage and ecological scarcity” by UNEP in 2011 (39). Green
growth is defined as “an environmentally sustainable economic
process to promote low-carbon development and benefit all
members of society,” according to the United Nations’ Asia-
Pacific Economic and Social Committee (UNESCAP) ministerial
conference on growth and environment in 2005. Green growth
was further modified and deepened in 2011 by the Organization
for Economic Co-operation and Development (OECD), which
stated: “Green growth ensures that natural assets can continue to
improve resources and environmental services in human society
while also promoting economic growth and development.”
Green growth, according to the World Bank, is defined as
“achieving efficient, clean, and flexible production processes
without slowing economic growth” (40). The term “green
development” has still to be defined in a combined way. The
World Bank and the Joint Research Group of the Development
Research Center of the State Council believe that green
development refers to “economic growth that is free of excessive
use of resources, carbon emissions, and environmental damage,
promoting growth by creating new green product markets, green
technologies, green investments, and changing consumer and
environmental behaviors,” according to “China in 2030: Building
a Modern, Harmonious, and Creative Society.”

The current researches on green governance have the
following attributes, in summary. Green governance has not
yet been detached from researches on the development model,
which represent that researchers use the term “development
view” in its place of “governance” in the early stages. Related
researches start to emphasize the synchronization between
humans and nature during the “green plus” stage, though the
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game playing between humans and environment has still to
be analyzed in the governance structure. From the standpoint
of research hypothesis, the economic man hypothesis, which
places “man” outside of nature, is gradually changing and
evolving into the “ecological social economic man” hypothesis,
which considers the interests of non-human life species and
ecosystems (41). According to the evolution of research
paradigms, traditional research does not adequately cover the
connotation and extension of green governance and does
not give sufficient intellectual and theoretical grounding. The
economic and ecological features of green governance can
be met simultaneously under an open innovation paradigm,
which provides an effective model for resource reintegration
and effective utilization (42). Green governance theories are
presented, together with green governance innovation subjects,
processes, and modes of implementation, as well as their
consequences for green governance.

Previous studies have viewed eco-efficiency as a single
procedure, concentrating on the businesses subdivision,
which produces CO2 emissions directly, while ignoring the
government’s critical role. The government sector is important
because it offers public commodities and services that help
to create a productive environment. It is still unknown how
the government sector influences the business sector or even
total environmental efficiency. These studies misplaced focus
segments for policy governance because they did not account for
sectoral associations and relations within China’s GGE.

Green Finance and Environmental Quality
In light of the heightened worldwide efforts to prevent climate
change, green finance has gotten a lot of attention recently.
The acceptance of the UN Sustainable Development Goals and
the Paris Climate Agreement were significant accomplishments
for international organizations and national governments,
demonstrating a stronger dedication to environmental
sustainability (43). The Asian Development Bank (ADB)
plays an important role in this regard, as it is involved in
a number of projects aimed at ensuring environmentally
sustainable development in the Pacific and Asia. Climate
change finance is one of these initiatives, which is a joint
project of the ADB and the Global Environment Facility (GEF).
Climate mitigation finance is one of its components, which
comprises the investing method that provides finances to achieve
environmental sustainability in the country.

According to recent studies, green finance can improve
environmental quality by supporting environmental regulations
and reducing CO2 emissions. It may decrease fossil fuel
utilization by 26%, resulting in a 12.4% reduction in CO2

emissions (44). Green finance is linked to a number of
sustainable development goals, both directly and indirectly,
that can be attained by encouraging private sector involvement
in investment and green finance (45). Despite the fact that
green finance is fully popular than always, few academics have
inspected its impacts on environmental quality empirically.
This raises the question of whether the growing trend in
green financing exacerbates the conflict between environmental
conservation and economic growth (46). Green Finance Because

of this, the exact link between green finance and environmental
degradation remains a mystery despite the importance of the
subject. The purpose of this study is to provide empirical evidence
to fill this gap (47). Stakeholders (organizations, governments,
and regulators) seeking to benefit from environmental strategies
may choose to participate in green finance on a tactical basis.
Accepting the implications of green finance and the subtleties
involved in improving environmental quality could thus be
critical in persuading shareholders to use green finance.

Environmental consciousness among various participants
has increased, according to previous research. The literature,
in particular, sheds light on end-user-driven organizational
environmental initiatives as well as pressure from monitoring
entities and non-governmental organizations to proficiently craft
their environmental actions and policies (48). The UN platform
Convention on Environment Change also requires nations to
take eco-friendly actions as a means of reducing pollution. Green
finance appears to be critical to the success of these initiatives.
As a result, moving from a growing economy to a green
economy necessitates a commitment from a country’s leadership
to provide green financing. New stakeholder awareness and
institutional setting for environmental problems are likely to
lead regulators to explore for extra environmentally acceptable
financial resources. Proactive environmental efforts will be
necessary as new ways of obtaining funds arise in an effort to
attain environmental legitimacy.

Financial Inclusion and Environmental
Quality
The employment of economic incentives to safeguard the
environment is a common practice. There is a limit to how
much environmental degradation may be tolerated by financial
growth incentives (49). The environmental Kuznets curve was
established by Grossman and Krueger (50) to describe the link
between GDP, environmental degradation, and GDP. Financial
development, unrestricted trade, energy use, and institutional
effectiveness all contribute to the degradation of environmental
practices. There is a lot of overlap in the way that financial
inclusion affects the environment.

Either a net reduction in CO2 emissions or an increase in them
may result from financial inclusion, depending on the situation.
For green technology investments, financial products that give
greater advantages at lower prices make it easier (51). Financial
inclusion, on the other hand, enables companies and individuals
to get access to more advantageous and cheap financial solutions.
By expanding accessibility and affordability, as well as adopting
more environmentally friendly practices that help reduce climate
change, included financial systems assist the environment. Low-
income communities cannot afford to overlook the need of
financial inclusion. Clean energy solutions like solar microgrids,
for example, are less expensive and generate considerably less
CO2 than coal-fired power plants. However, farmers may lack
the cash or financing to invest in these technologies (52). Major
obstacles to the adoption of solar home systems in Ho Chi Minh
City include a lack of funds, the government’s financial help,
and the availability of bank financing. Financial products and
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services that encourage the use of clean technology while also
reducing CO2 emissions and the usage of fossil fuels can have
environmental benefits.

METHOD AND DATA SOURCES

Method
The DEA method is a well-known numerical model that was
proposed by (53) to measure efficiency. The DEA has recently
become popular for quantitatively analyzing sustainability-
related issues. DMUs are permanently a “black box” in
traditional DEA models, though they could comprise a two step
network in certain cases. Researchers have mostly established
wide network-based DEA models to improved evaluate the
efficacy of two-step systems and open this “black box.” Energy
efficiency influence factors and measurement, the association
between energy efficiency and environmental regulation, and the
environmental impacts of environmental deregulation have all
been studied in depth. The measurement of energy efficiency
can be done using a variety of indicators (2, 24, 54–56). The
most frequently used predictors are total factor and single factor
energy efficiency (57). The first is a single-factor index that
primarily reveals the association between economic output and
energy consumption. Energy consumption intensity, also known
as energy consumption per unit GDP, is most widely applied
single factor index. Certain researches applied single-factor
efficiency index to investigate the factors that influence energy
efficiency, concluding that technological development, R&D
spending, possession transformation, and business structure all
have significant impact on energy efficiency.

GE has been the subject of numerous studies. The evaluation
indicator system and the performance indicator system are the
two most common approaches to measuring efficiency and
methods for assessing efficiency. The parameter-based stochastic
frontier analysis (SFA) and the non-parametric data envelopment
analysis (DEA) method are the two major kinds of efficiency
approaches. The DEA and SFA methods empirically find the
efficiency of a managerial decision making unit with outputs
and inputs, in contrast to subjective weighting indicators, which
mostly comprise a extreme level of ambiguity in the assessment
findings, and have thus been extensively used to measure the
ecoefficiency ofmain global economies (58, 59). The SFAmethod,
on the other hand, necessitates the specification of a production
function and is inappropriate to quantitative measurements with
multiple inputs and outputs (60).

When it comes to the association between energy efficiency
and environmental regulation, some academics results shows
that environmental regulation has raises the production cost
of a company and reduces its competitiveness. Environmental
regulations, as like emission standards and environmental
taxes, in particular, compel businesses to reduce their output
in order to reduce pollution emissions. The influence of
environmental directives on the production effectiveness of
comparatively adulterating businesses in the United States of
America was investigated, and the food treating businesses was
chosen as the study object. Environmental regulations reduced
the food processing industry’s production efficiency (61, 62).

Inspite the rising publications on environmental regulation,
decentralization, and cumulative efficiency, this area of study
does have some restrictions. For starters, previous studies
did not combine environmental regulation, decentralization,
and energy efficiency into a single empirical and conceptual
framework. Second, previous research ignored the link between
environmental regulation and energy efficiency in various
types of environmental decentralization, such as environmental
management, environmental regulation, and environmental
surveillance. Ultimately, in terms of research approaches, the
majority of earlier studies used static research and linear analysis
(63). Endogeneity issues arising from a mutual usual association
between variables cannot be effectively addressed. Furthermore,
ordinary panel data is used to evaluate the majority of the related
studies. In fact, ignoring the possibility of spatial dependence
between variables, The government’s environmental regulations
and the GGE have a certain spatial dependence.

Generalized Panel Three-Stage DEA Model

Green governance efficiency has got much attention from
scholars as well as government departments due to increasing
issue of environmental sustainability, increasing demand of
energy and environmental degradation due to global warming
(64). Most existing energy efficiency indices, on the other
hand, do not take into account undesirable outputs like Sewage
water, pollutant emissions, and solid waste creation. Taking
into account the concept of sustainable growth and previous
studies, this paper calculates a green governance efficiency
index (GGE) for energy efficiency, which takes into account all
unwanted output. When the unwanted production (pollution)
is maintained to a low under the provided desired output
parameters, GGE is defined as the ratio of the theoretical
minimal energy input to the actual input point. Traditional data
envelopment analysis (DEA) methods typically use radial and
angular metrics to determine the efficiency of decision-making
units (DMU). As a result, a traditional DEA technique can only
begin from the position of input or from output, making it
challenging to fully consider input and output relaxation. At a
time, when a specific amount of all inputs decrease or increase,
the output will also decrease or increase with same amount, is the
only way to measure inefficiency. The relaxation improvement
element is not represented in the efficiency assessment of the
standard DEA model for faulty decision-making units, besides
the equal fraction improvement part, and the real input-output
never becomes equivalent to percentage change. Grounded on
this, Relaxation variables were introduced straight into the
impartial function, and non-radial and non-angular slacks-
based measure (SBM) methods were proposed. Simultaneously,
the inefficiency situation was calculated from the input and
output angles, preventing the impact of the angle and radial
selections. The fundamental SBM method output is set to the
projected output, overlooking the exterior negative impacts of the
production process on the environment.

Assuming the presence of input stability of green governance,
the input-oriented variable returns to scale DEA model, i.e., the
generalized BBC-DEA model, is chosen in this paper. Let the
number of decision-making units (DMUs) be n and each DMU
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form n sample units (SU) at t time periods, i.e., n̄ = nt. Themodel
is specified as:

Min

[

θ − ε(

m
∑

i=1

S−ip +
m

∑

i=1

S+ip)

]

s.t.











































n̄
∑

i=1
x̄ijλj + S−ip = θpxip, i = 1, . . .m

n̄
∑

i=1
dȳrjλj − S+ip = yrp, r = 1, . . . s

n̄
∑

i=1
λj = 1

λj ≥ 0, j = 1, 2, . . . n, S−ip ≥ 0, S+ip ≥ 0

(1)

Where each decision unit has s outputs and m inputs. The i
input of the p decision unit is xip and the r output is yrp. The i
input of the j sample cell is xij and the r output is yrj. θp is the

efficiency value to be evaluated. S−ip and S+rp are slack variables

for the input and output indicators, respectively. d is a mobility
factor to characterize the progressivity of the system. ε is a
non-Archimedean infinitesimal. λj is the weighting variable.

Generalized Panel DEA Model Adjusted for Input

Variables

The adjusted input variables from Equation (3) are substituted
into model (1) and recalculated to obtain the settled green
governance efficiency value θj for every province. Based on the
investigation of the efficiency frontier surface, the optimum input
is revealed, the actual input is compared with the optimum input
to obtain the input redundancy value, the forecast examination of
the input variables is realized and the direction of improvement
of the input variables is confirmed. The i optimum input
value x̂ij for the j sample cell can be obtained by the DEA
projection formula:

x̂ij = θjx̄ij − S ¯ij◦ (2)

Based on Equation (4), the redundancy value 1xij for the ith
input of the j-th sample cell is calculated as:

1xij = x̄ij − x̂ij = (1− θj)x̄ij + S ¯ij◦ (3)

By referring to Li Wei’an’s green governance evaluation index
system for company operations, the basis of this paper’s research
is improved: the government green governance evaluation
index system. The details are shown in Table 1. To determine
total factor energy efficiency of China under environmental
constraints, this research uses a panel data set of 30 provinces
and a three-stage DEA approach. Inputs, undesirable production
and desirable outputs, are all included in the approach. The
inputs are categorized as follows: Investment on Environmental
governance, number of employees and waste gas discharge. A
variable of the gross domestic product is one of the desired
outputs (GDP) and the total CO2 emissions at provincial level
is the undesirable output.

TABLE 1 | The input and output indicators for green governance efficiency.

Indicator Definition

Inputs Capital input Investment on

Environmental

governance

The annual environmental

governance fee of the

wastes

Labor input Number of

Employees

The average number of

employees per year for

environmental protection

Waste discharge Waste gas discharge The total amount of waste

gas and wastewater

discharged

Outputs Expected output GDP Gross provincial product

Undesirable outputs CO2 emissions The total CO2 emissions at

provincial level

Econometric Technique
Cross Sectional Dependency

Cross-sectional dependency in panel data analysis might lead to
incorrect estimation results (65). The Pesaran CD test, which is
valid for either a constant T or a constant N, will be used in
this investigation. Equation (10) is used to calculate the Pesaran
CD statistic.

CD =

√

2T

N(N − 1)





N−1
∑

i=1

N
∑

J=i+1

ρ̂ij



 N(0, 1)

Where ρ̂ij the error term pairwise-correlation sample estimate.
When T → ∞ and N → ∞ the refers to a normal distribution.

Data Sources
On the basis of the availability of data and its analytical
usefulness, this research focuses on China’s 30 provinces between
2008 and 2018. Over the period 2008–2018, annual data on CO2

emissions, green finance, financial inclusion, natural resources,
human capital, and remittances in 30 Chinese provinces
was gathered online from the China Statistical Yearbook
(2008–2019), China Energy Statistical Yearbook (2008–2019),
China Environmental Quality Report (2008–2019) and China
Environmental Statistics Yearbook (2008–2019). For the missing
data, the post-evaluation was calculated using the average annual
growth rate as a basis for comparison. Industrial Bank Co., Ltd.
(Fujian, China) began its green finance practice in 2005, but it was
the publication of Opinions on Implementing Environmental
Policy and Regulations to Prevent Credit Risk in 2007 by the
China Banking Regulatory Commission, the People’s Bank of
China, and the State Environmental Protection Administration
that marked the official beginning of China’s green finance
practice. As a result, the data used in this study was collected
starting in 2008. Table 2 presents the descriptive statistics of
study variables.
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TABLE 2 | Descriptive statics.

Variable Explanation Min Max Mean SD

CO2 Carbon emission 0.728 15.297 12.080 1.363

GGEI Green governance efficiency index 0.38 1 0.737 1.212

FI Financial inclusion 2.976 6.000 5.183 0.540

GF GDP per capita 9.005 13.709 11.131 0.623

NR Natural resources 0.728 15.694 10.686 1.814

HC Human capital 2.522 4.722 4.035 0.285

RMT Remittances 0.000 1.000 0.214 0.423

RESULTS AND DISCUSSION

Green Governance Efficiency in China
A low level of efficiency was evident in Table 3 and Figure 1.
Only 0.56 was the average between 2008 and 2018. When
compared to advanced regions in China, this is only a basic
level of development. Green governance efficiency will be
lower when compared to more advanced regions of the world.
Beijing had the highest average efficiency of 1.19 out of the
30 provinces, while Xinjiang had the lowest average efficiency
of 0.20. It was found that Beijing and Shanghai were the
provinces with the highest average green governance efficiency
values while Guangdong and Hunan were the provinces with
the lowest average green governance efficiency values. This
shows the environmental governance investment of different
provinces in China. Therefore, the level of efficiency varies
significantly. Most academics have come to the same conclusion.
For instance, according to Li et al. (66), the green governance
efficiency of different Chinese provinces is spatially dependent
and the neighbor effect is significant. The spatial distribution
of governance efficiency in China is unbalanced. Economically
advanced provinces in the east have higher rates of governance
efficiency, while economically developing provinces in the west
have lower rates of efficiency.

As can be seen in Table 3, the country as a whole had an
green governance efficiency rating of between 0.20 and 1.21.
Between 2008 and 2018, the overall level was relatively stable,
with only a small increase, and the gap between different regions
was wide, narrowing sequentially in the eastern, central, and
western regions. East China had the highest efficiency, averaging
0.79 from 2008 to 2018. At 1.2 and 0.98, respectively, Beijing and
Shanghai were always the most productive provinces in China
during the study period. More than 0.60 was the average across
the eastern region. Green governance efficiency rose steadily
from 2008 to 2018, peaking at 0.98 in 2017 and dipping slightly
in 2018, with the remaining years showing a slow upward trend.
A value of 0.43–0.66 was the range for the central efficiency from
2008 to 2018. Over the period 2008–2018, there has been a slight
rise in the overall trend. Though the central region’s average
efficiency was higher than the national average and lower than
the eastern region’s average efficiency, it increased the most since
2018, reaching a value of 0.66 in 2018. As a result, Shanxi had
the lowest average efficiency value of any province in China, at
just 0.31.

There was a narrowest range of change in the western region’s
value from 2007 to 2019. The efficiency value ranged from 0.268
to 0.349 and was steadily rising. Despite this, West China’s green
governance efficiency was the worst in the country, and even
worse than that of the eastern region. green governance efficiency
inefficient provinces in this region include Xinjiang, Ningxia,
Guizhou and Qinghai. In general, China’s energy efficiency is
highly variable. From west to east, the spatial gradient increases,
with many regions with the lowest efficiency residing in West
China, and regions with the highest or second-highest efficiency
mainly located in East China. This is consistent with the
distribution of economic power in China, according to this study.

Econometric Estimation
Cross-Sectional Dependence Test Results

The long-term model estimate is the first step in the empirical
evaluation. To choose an appropriate method for long-term
assessment, the cross-sectional dependency must be examined.
The subject of today’s literature is the evaluation of CD tests.
Inability to handle the CD may result in only partial results. The
CD’s outcomes are revealed in Table 3. At 1%, the outcomes are
significant and show that the null hypothesis is rejected. The CD’s
existence is confirmed by the results in Table 4.

Through unit root assessments, the heterogeneity or
occurrence of the cross sectional dependence test permits for
the examination of the integration order of the variables in the
second generation. As a result, the root unit tests CIPS and CADF
are applied, and the outcomes of both tests are summarized in
Table 5. The variables are not stationary, according to the null
hypothesis CIPS and CADF.

Model Comparison

To compare the results of three different models with the
panel quantile regression model, the study estimates three
conditional mean (CM) regression models. The results of three
different model are given in Table 6. The autoregressive AR2
estimate outcomes disclose that the random error term has
no second-order sequence correlation. The coefficients of green
governance, green finance, and financial inclusion are negative
and significant at the 1% level, according to the regression results.
It demonstrates green governance, green finance and financial
inclusion have a “U-shaped” relationship. To put it another
way, even before the degree of green governance, green finance,
and financial inclusion reaches a tipping point, an increase
in green governance, green finance, and financial inclusion
will reduce environmental pollution (67). However, a moderate
improvement in green governance, green finance and financial
inclusion can help to improve sustainable development. The
following things are to blame for this. There is a lack of incentive
for companies to implement green technology innovations to
reduce emissions and conserve energy when environmental
regulation is lax because environmental payment costs make up
a small part of total expenditures for companies.

Panel Quantile Regression

The panel quantile regression estimators of Koenker and
Bassett (68) are used to forecast the long-term coefficients.

Frontiers in Public Health | www.frontiersin.org 7 March 2022 | Volume 10 | Article 861349148

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Xu and Zhu Green Governance of Sustainable Environment

TABLE 3 | Results of green governance efficiency.

Region 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Mean

Eastern Beijing 0.87 0.92 0.95 1.05 1.07 1.19 1.25 1.33 1.43 1.50 1.54 1.19

Fujian 0.60 0.64 0.68 0.70 0.72 0.75 0.78 0.83 0.89 0.93 0.98 0.77

Guangdong 0.70 0.73 0.74 0.75 0.80 0.83 0.87 0.90 0.93 0.98 0.99 0.84

Hainan 0.61 0.66 0.69 0.71 0.75 0.77 0.82 0.85 0.89 0.91 0.93 0.78

Hebei 0.46 0.47 0.50 0.51 0.52 0.62 0.70 0.75 0.76 0.78 0.82 0.63

Jiangsu 0.71 0.73 0.71 0.76 0.79 0.75 0.82 0.84 0.88 0.90 0.95 0.80

Liaoning 0.42 0.45 0.46 0.50 0.51 0.57 0.57 0.60 0.62 0.65 0.67 0.55

Shandong 0.46 0.49 0.51 0.52 0.56 0.58 0.61 0.63 0.65 0.70 0.71 0.58

Shanghai 0.75 0.77 0.78 0.83 0.87 0.92 0.94 1.11 1.12 1.14 1.18 0.95

Tianjin 0.52 0.56 0.58 0.61 0.63 0.67 0.71 0.83 0.84 0.85 0.86 0.70

Zhejiang 0.57 0.61 0.65 0.68 0.70 0.74 0.76 0.78 0.78 0.80 0.85 0.72

Eastern mean 0.61 0.64 0.66 0.69 0.72 0.76 0.80 0.86 0.89 0.92 0.95 0.77

Central Anhui 0.37 0.38 0.40 0.41 0.42 0.43 0.45 0.46 0.49 0.51 0.53 0.44

Heilongjiang 0.38 0.40 0.42 0.44 0.46 0.47 0.49 0.50 0.51 0.54 0.55 0.47

Henan 0.39 0.41 0.42 0.44 0.44 0.46 0.48 0.50 0.51 0.52 0.55 0.47

Hubei 0.65 0.66 0.68 0.70 0.72 0.77 0.80 0.82 0.85 0.87 0.89 0.76

Hunan 0.61 0.63 0.65 0.67 0.70 0.76 0.79 0.84 0.85 0.87 0.97 0.76

Jiangxi 0.34 0.35 0.36 0.38 0.39 0.40 0.43 0.45 0.46 0.47 0.50 0.41

Jilin 0.33 0.34 0.36 0.38 0.39 0.41 0.44 0.45 0.46 0.47 0.49 0.41

Shanxi 0.23 0.24 0.25 0.27 0.29 0.31 0.32 0.32 0.38 0.38 0.39 0.31

Central mean 0.41 0.43 0.44 0.46 0.48 0.50 0.52 0.54 0.56 0.58 0.61 0.50

Western Chongqing 0.34 0.36 0.36 0.37 0.39 0.40 0.41 0.43 0.45 0.46 0.48 0.41

Gansu 0.35 0.36 0.36 0.37 0.38 0.38 0.39 0.40 0.40 0.41 0.42 0.38

Guangxi 0.32 0.33 0.34 0.35 0.37 0.38 0.38 0.41 0.41 0.42 0.46 0.38

Guizhou 0.22 0.23 0.24 0.26 0.28 0.30 0.31 0.32 0.34 0.36 0.37 0.29

Neimenggu 0.23 0.24 0.26 0.27 0.28 0.30 0.35 0.37 0.38 0.39 0.41 0.32

Ningxia 0.23 0.24 0.25 0.27 0.29 0.30 0.31 0.35 0.37 0.40 0.43 0.31

Qinghai 0.21 0.22 0.22 0.23 0.24 0.28 0.31 0.33 0.34 0.34 0.36 0.28

Shaanxi 0.30 0.31 0.33 0.34 0.35 0.36 0.37 0.38 0.40 0.41 0.42 0.36

Sichuan 0.32 0.33 0.34 0.35 0.36 0.37 0.37 0.38 0.39 0.40 0.42 0.37

Xinjiang 0.13 0.13 0.16 0.17 0.18 0.19 0.20 0.35 0.21 0.23 0.22 0.20

Yunnan 0.28 0.29 0.31 0.32 0.33 0.33 0.35 0.37 0.37 0.39 0.40 0.34

Western mean 0.27 0.28 0.29 0.30 0.31 0.33 0.34 0.37 0.37 0.38 0.40 0.33

National mean 0.43 0.45 0.47 0.49 0.51 0.53 0.56 0.60 0.61 0.63 0.66 0.54

Table 7 summarizes the regression analysis’ relevant
findings. CO2 emissions in rising economies are expected
to rank 10th, 20th, 30th, 40th, 50th, 60th, 70th, 80th, and
90th, respectively.

Green Governance Efficiency
In all quantiles, the PQR findings reveal a negative and
statistically significant link between green governance and
CO2 emissions except lower quantiles. The results of the
study show that the carbon dioxide emission levels are
higher in provinces with lower green governance efficiency.
Furthermore, from the middle to the upper quantiles, the
impact of green governance on CO2 emissions increases. It
indicates that efficient green governance reduces emissions
in these provinces. Our findings are consist with the prior
studies (69–72).

Green Finance
The findings shows that in all quantiles green finance has positive
and statistically significant relationship with CO2 emissions.
Environmental pollution will be reduced in the long run if green
finance policy is implemented, according to the experimental
results. So, how can environmental pollution be reduced as
a result of green financing? Environmental improvement can
be achieved if green finance policies are put into place (73),
which will restrict businesses’ frequent pollution behaviors and
encourage more capital to flow into low-pollution industries.

Financial Inclusion
Except for the Q0.1 and Q0.2 quantile, the outcomes indicates
that financial inclusion has a negative and statistically significant
influence on CO2 emissions. This results proposes that as
financial inclusion rises, pollution rises with it. The positive
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FIGURE 1 | Results of green governance efficiency before adjustment.

TABLE 4 | Test results of cross-sectional dependence.

Variable CD test p-value Corr

CO2 6.446 0.000 0.123

GGEI 36.922 0.000 0.706

FI 39.065 0.000 0.747

GF 29.186 0.000 0.558

NR 45.712 0.000 0.874

HC 0.184 0.858 0.003

RMT 25.344 0.000 0.023

TABLE 5 | Unit root methods result.

CIPS CADF

Level First difference Level First difference

CO2 −1.358 −2.641*** −1.828 −2.627***

GGEI −1.489 −2.656*** −1.581 −2.416***

FI −2.263 −2.431*** −2.052 −2.321***

GF −2.406 −3.180*** −2.230 −3.252***

NR −1.589 −2.147*** −1.841 −2.740***

HC −1.837 −2.335*** −2.406 −2.189***

RMT −1.643 −2.515*** −2.596 −2.526***

Significance is indicated by 10, 5, and 1% though *, **, and ***.

effect could be due to rising financial inclusion, which permits
customers to buying energy intensive household machines such
as refrigerators, air conditioners, and automobiles, as more CO2

emissions are emitted, this has significant ecological impacts.
Moreover, after the first quantile, findings indicate that there
negative and statistically significant correlation between financial
inclusion and CO2 emissions in all quantiles. It could be argued

TABLE 6 | Model comparison.

Variables OLS pooled OLS One-way fixed

effect

OLS two-way fixed

effect

GGE −0.763*** −0.743*** −0.785***

(0.374) (0.374) (0.374)

GF −0.051*** −0.121*** −0.122***

(−2.532) (−3.452) (−4.106)

FI −0.011** −0.048*** −0.045***

(−2.213) (−3.841) (−3.591)

NR 0.312*** 0.223 0.102

(3.132) (1.466) (0.684)

HC 0.050** 0.061 0.069

(2.301) (0.059) (1.175)

RMT −0.035*** −0.010*** −0.009***

(−11.221) (−4.093) (−3.653)

Constant 5.252*** 5.830*** 5.434***

(2.051) (1.362) (1.597)

R2 0.904 0.908

F/Wald test 153.15*** 22.00*** 178.27***

Significance is indicated by 10, 5, and 1% though *, **, and ***.

that, following the abolition of lending amounts in society
and good money management could result in a reduction in
carbon emissions. Modern technology, which is the only way
to reduce carbon emissions, is always required for efficient
money management. Our findings and argument differ from
those of (51), they argue that increasing financial inclusion is a
factor in high pollution rates. Our findings, on the other hand,
suggest that greater financial inclusion could lead to increased
use of renewable energy, which is good for the sustainable
development. Financial inclusion can help decrease the
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TABLE 7 | Test results of panel quantile regression.

Variables Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9

GGE 0.343** 0.419* 0. 329* 0. 276* 0. 326* 0. 331* 0.414* 0.581* 0.527*

FI 0.199* 0. 049* −0. 085** −0 0.043** −0. 066** −0. 090* −0. 127** −0. 168* −0.153*

GF −0. 057* −0. 188 −0. 468** −0.556* −0. 566* −0. 599* −0. 459* −0. 312** −0.539*

NR 0. 0167*** 0. 062 0. 085 0. 094* 0. 097* 0. 102* 00,892** 0. 029** 0.026*

HC 0. 021 0. 034 0. 038* 0. 048* 0. 047* 0. 052* 0.015* −0. 043* 0.036*

RMT −0. 021** −0. 034* −0. 038* −0. 048* −0. 047* −0. 052* −0.015* −0. 043* −0.036*

*Significant value at 1%, ** significant value at 5%, and *** denote significant value at 10%.

negative environmental impact of economic growth and restore
environmental welfare.

The study also includes Control variables, to better understand
the impact on environmental quality.

Natural Resources
The coefficient of natural resources estimates, on the other
hand, show that natural resources can be a reliable way to
improve the environmental quality of China. The effect of
natural resources on CO2 emissions is positive and statistically
significant for the 40th, to 90th quantiles, but at the 20th and
30th quantiles, the effect is statistically insignificant and positive.
As a result, the use of natural resources has a negative impact
on the environment, implying that countries that rely heavily on
unsustainable natural resources should increase their imports of
filthy energy sources (51).

Human Capital
Table 7 also reveals that human capital has no impact on
CO2 emissions in the first two quantiles, but has a positive
and significant impact in the remaining quantiles. However,
while human capital is now growing its emissions, it also
has inherent environmental skills that may be exploited to
protect the environment. While Adedoyin et al. (74) discovered
that the level of human capital affects economic development’s
effect on emissions, this study finds that as human capital
increases, so does environmental awareness and environmentally
friendly technologies.

Remittances
The PQR findings also show a negative relationship between

remittances and carbon emissions. When foreign inflows
increase, modern technology enters the country, which can help

to reduce emissions. It demonstrates that remittances reduce

emissions indirectly by affecting financial inclusion. In the low,

medium, and high quantiles, remittances have the same negative
impact on CO2 emissions. On all quantiles, the results show a
positive influence of economic growth on carbon emissions. It
is an indication that increased economic activity accelerates CO2

emissions, which are primarily due to the use of non-renewable
energy. Because economic growth improves the country’s level
of financial inclusion, we used GDP as a control variable in
our research.

TABLE 8 | Panel regression test results.

Variable Cup-FM Cup-BC

Coefficient t-statistics Coefficient t-statistics

GGE −0.832* 13.566 −0.832* 13.567

FI 0.078* 3.770 0.084* 4.138

GF −0.089* 2.289 −0.078* 2.177

NR 0.131* 7.081 0.153* 6.429

HC 0.041* 3.092 0.040* 3.186

RMT −0.288* 2.636 −0.032* 3.193

Significance is indicated by 10, 5, and 1% though *, **, and ***.

Long-Run Panel Cointegration
Our main findings using the quantile regression method show
that green governance efficiency, green finance, and financial
inclusion have a negative and significant influence on CO2

emissions, while GDPpc, human capital, and remittances have
a positive impact. We use two more regression tests, Cup-BC
and Cup-FM, to check the robustness of our empirical results
(see Table 8). Green governance has negative relationship with
carbon emissions, according to the findings. Green governance
reduces CO2 emissions by 0.832% in China. Financial inclusion
has a 1% significant negative impact on carbon emissions,
according to the data. This means that a 1% increase in financial
inclusion in China results in a 0.078% reduce in CO2 emissions.
In terms of the impact of green finance, the findings show
a negative 1% significant ratio of CO2 emissions from green
finance. As a result, a 1% increase in green finance in reduces
CO2 emissions by 0.089%. Cup-FM and Cup-BC coefficients are
similar to our initial quantile regression results, according to
our findings. Since then, we’ve come to the conclusion that our
preliminary findings on the impact of financial inclusion, human
capital, and natural resources on CO2 emissions are reliable.

CONCLUSIONS AND POLICY
IMPLICATION

By its nature, green governance is dynamic. Many countries
formerly classified as developing or poor have made significant
progress in environmental enforcement and environmental
protection legislation over the course of decades of continuous
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efforts. This study Based on the connotation of green governance,
this paper looks at how China is previously applying a number
of green governance and green finance policy initiatives, as well
as how these initiatives have influenced sustainable development
over time. This paper constructs a generalized panel Three-
stage DEA model to calculate the green governance index
of 30 Chinese provinces from 2008 to 2018. The findings
clarifies the direction and optimization of green governance
efficiency through the external environment. This paper uses
the panel data model to investigate the impact of green
governance, green finance, and financial inclusion on sustainable
development. The econometric model findings demonstrated
that overall green governance and green finance policies result
in positive environmental outcomes. The research then examines
the character of financial inclusion in environmental protection.
According to our groundbreaking results, green governance
efficiency contributes to lower CO2 emissions and complements
environmental security investment initiatives.

Policy Implication
The following policy implications emerge as a result of
this discovery:

1. The government should properly control energy markets
and prevent extreme intervention in energy pricing in
underdeveloped regions with substantial energy price
distortions. Meanwhile, attempts to minimize the outflow
of local energy advantages, promote the free movement
of energy components across areas, and diminish the
geographical agglomeration of energy pricing distortions
should weaken market segmentation.

2. Energy price strategies for different regions should be
implemented. Energy pricing should be moved from the
government to the market in industrialized regions with low
energy price distortions, so that energy input can reveal profits
that balance its worth.

3. The energy price changes should be pushed at the same time as
advanced technology advancements and energy consumption
mix optimization.

4. To successfully improve environmental quality, businesses
should raise investment in scientific research, accelerate
technical innovation, and enhance the development and

exploitation of clean industrial technologies. Simultaneously,
they should raise the proportion of clean energy in overall
energy consumption by speeding up the optimization and
upgrading of the energy consumption structure.

5. Green finance products must be developed more quickly,
and financial institutions’ ability to provide green credit must
be strengthened.

6. It is necessary to invest more in basic study on how
to implement green finance products while minimizing
associated risks.

7. There should be incentives for green finance and
environmental protection activities to promote green
consumption and regulators should limit the systemic risk
of fintechs.

Research Limitations
There are a couple of caveats to our findings. We were unable to
investigate all of the various factors that influence our research
questions, considering long-term consequences, due to a lack of
data. Due to a lack of appropriate instrumental variables, we were
unable to address endogeneity and simultaneity issues. Despite
the limitations mentioned above, this paper provides useful
information on how green finance and fintech development can
contribute to environmental protection and long-term growth.
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Under the impact of the coronavirus disease 2019 (COVID-19), green, low-carbon,

and sustainable development has become a global consensus, and the world will

enter a low-carbon and intelligent production mode faster. As the largest contributor

to world economic growth and an active participant in global environmental governance,

achieving green recovery and the high-quality economic and social development of China

is of great significance to promote the global sustainable development strategy. The green

transformation of resource-based cities in Western China is the key factor for China

to build a high-quality modern economic system and promote long-term sustainable

development. This article used the Super Efficiency Slack Based Model (Super-SBM)

model and Malmquist index model of the Data Envelope Analysis (DEA) method to

measure the static and dynamic green transformation efficiency of resource-based cities

in Western China. It investigated the impact of different factors on the static and dynamic

efficiency by constructing panel Tobit and dynamic panel models. The research found that

the static efficiency of the green transformation of resource-based cities in Western China

is low, and the development is uneven. The dynamic efficiency of green transformation

showed a fluctuating upward trend first and an accelerating upward trend later. Different

factors have different effects on green transformation efficiency. This article holds that the

combination of post-epidemic economic recovery and green transformation is expected

to promote the green transformation of western resource-based cities while injecting new

vitality into China’s green sustainable development in the post-COVID-19 era.

Keywords: green transformation efficiency, resource-based cities in Western China, COVID-19, Data Envelopment

Analysis, Tobit model, GMM method

INTRODUCTION

In 2018, at the National Conference of Ecological and Environmental Protection in China, General
Secretary Xi Jinping pointed out that green development is necessary for building a high-quality
modern economic system and a fundamental solution for solving pollution problems. Therefore,
green development policy should be comprehensively implemented in the future. It can be seen that
green transformation is the only way for China’s society and economy to move toward high-quality
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and sustainable development. In recent years, with the
advancement of the Green Belt and Road Initiative, sustainable
development continues to rise in the western region. As essential
strategic support for national energy resources, resource-based
cities in Western China have made significant contributions to
China’s economic and social development. In 2020, the sudden
outbreak of the coronavirus disease 2019 (COVID-19) swept the
world. To block the spread of the virus, the world had to enter the
epidemic prevention and control the situation through blockades
and other measures, and the economic and social development
was greatly interrupted. The traditional extensive economic
growth model with high energy consumption, high pollution,
and long-term negative impact of environmental degradation
makes the green transformation of western resource-based cities
even worse. With the pressure and challenges in choosing “clear
waters and green mountains” and “mountains of gold and silver,”
the green transformation and development of resource-based
cities have become an important and arduous task for the
western region. In this context, it is of great practical significance
to comprehensively understand and evaluate the pattern of green
transformation of resource-based cities in western China, deeply
explore the different influencing factors on green transformation
and development, accelerate the green transformation of western
resource-based cities, and provide decision-making support for
high-quality development.

Green transformation is a concept of social transformation
and development arising from the natural capital constraint
in recent years (1). Research on green transformation and
development has always been the focus of scholars at home
and abroad. After reviewing the literature, it is found that
the relevant theories and practices of green transformation
are still at the beginning stage, and there is no agreement
on the definition of the concept. The green transformation
is always confused with “sustainable development,” “green
economy,” and “carbon emissions” (2–10). These keywords are
the same in essence in spite of different concepts, and the
research objects and methods have set a clear direction for
the green transformation development in China. This article
holds that green transformation is based on the theory of
sustainable development, developing a green circular economy,
transforming economy, society, and ecology into a green
sustainable development model, and realizing the harmonious
coexistence between man and nature.

The research and evaluation methods of green transformation
in academia are mainly divided into two categories. One is
to build a multi-dimensional logical framework and evaluation
system of green transformation. For example, Chinese scholar
Liu innovatively constructed a three-dimensional structural
model of green transformation, including cause dimension,
method dimension, and effect dimension, and evaluates the
green transformation of resource-based cities from various
angles, which has been recognized and used for reference
by many scholars in the academic circle (11). Xiao et al.
constructed an evaluation index system from three aspects:
emission reduction ability, green improvement ability and
competitiveness improvement, and comprehensively evaluate
the green transformation development ability of 30 cities

in China (12). Under the theoretical framework of green
growth, Sun et al. constructed a three-dimensional space for
the transformation and upgrading of resource-based cities,
including energy conservation, value-added improvement, and
environmental friendliness, to guide resource-based cities to
get rid of the traditional development model (13). The other
is the efficiency measurement of green transformation, which
mainly includes the parametric method and non-parametric
method. The parametric method mainly includes parametric
linear programming (PLP), econometric method, and stochastic
frontier analysis (SFA), while the non-parametric method mainly
refers to the data envelope analysis (DEA) method. Because
the DEA method does not need dimensionless processing of
data, nor any weight assumption and strong objectivity, it
has been more recognized and applied in the academic circle.
For example, Qiu et al. used the Slack Based Model (SBM)
model, spatial autocorrelation, and geographically weighted
regression model to analyze the spatio-temporal heterogeneity
and influencing factors of green development efficiency in the
Xuzhou metropolitan area of China (14). Zhang et al., Shao
et al., and He et al. researched green transformation from the
perspective of total factor productivity by constructing the DEA
model (15–17).

As green transformation is a hot topic of the academic
circle in recent years, the relevant research conclusions are
very rich. Most scholars choose one or two entry points to
investigate the green transformation and development of the
region, such as the Porter Hypothesis, financial development
and environmental regulation (ER), carbon peak and carbon
neutrality, and so on (18–23). However, through careful analysis,
it can be found that the influence of the same factor may
have different effects in different regions, and there are obvious
spatial differences between regions. Yue et al. calculated the green
development efficiency of 97 cities in China by using the SBM
directional distance function, focusing on the direct impact of
industrial clusters on urban green development efficiency (24).
Gao et al. adopted the SBM-DEA model to measure the green
innovation efficiency of China’s high-tech industry considering
environmental factors and studying the impact of financial
innovation on green innovation efficiency (25). Zhang et al.
explored the impact of ERs on the efficiency of green technology
innovation in the construction industry based on the EMBmodel
and the analysis of the evolution of Green Technology Innovation
Efficiency (GTIE) (26).

Through the review and analysis of relevant literature, it can
be found that the academic research on green transformation
and development has never been interrupted and achieved a
lot. On the whole, although the research direction and focus
of scholars in various countries are different, the ultimate
purpose is to achieve the optimization of resource utilization
and promote the sustainable development of society. Existing
research results provide great reference and guidance for this
article, but we still found the following limitations after analysis:
firstly, when investigating the green transformation of resource-
based cities in China, the focus is mostly on resource-based
cities in a certain province or a specific province as the
research object, and there are only a few research on the green
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transformation and development of resource-based cities in
the western region; secondly, there are few evaluations on the
efficiency characteristics of the green transformation of resource-
based cities, and most of the existing documents only measure
one of the annual efficiency or the inter-period efficiency, and the
comprehensiveness of the efficiency measurement is insufficient.

Therefore, based on the existing literature, this article attempts
to enrich the existing research from the following two aspects:
first, 38 resource-based cities in western China were selected
for green transformation evaluation to enrich the regional
research system of resource-based cities’ green transformation
in China. Second, the efficiency characteristics were used to
evaluate the green transformation, and the efficiency was further
divided into static efficiency and dynamic efficiency, so as
to more comprehensively investigate the green transformation
achievements of resource-based cities in western China. By
constructing the evaluation index system of green transformation
efficiency, two models under the DEA method were used
to measure the two efficiencies of green transformation of
resource-based cities in western China, and use the panel Tobit
model and dynamic panel model to make a regression analysis
on the influencing factors on green transformation efficiency.
Combined with the empirical results, this article can provide
a reference for formulating a more targeted and illuminating
green recovery plan and realizing high-quality and sustainable
development as soon as possible in the western region and even
the whole country in the post-epidemic era.

RESEARCH OBJECT, METHOD, AND DATA
DESCRIPTION

Research Object
In the National Sustainable Development Plan for Resource-
Based Cities (2013–2020) issued by the State Council of China
in November 2013, 262 cities were classified as resource-based
cities nationwide. There are 102 resource-based cities in the
western region, including 48 prefecture-level cities (including
prefecture-level cities, regions, autonomous prefectures, and
leagues). Based on research practice and data availability, this
article finally selected 38 prefecture-level resource-based cities as
the research object: Baotou, Wuhai, Chifeng, Ordos, Hulunbuir,
Baise, Hezhou, Hechi, Zigong, Panzhihua, Luzhou, Guangyuan,
Nanchong, Guang’an, Dazhou, Ya’an, Liupanshui, Anshun,
Qujing, Baoshan Zhaotong, Lijiang, Lincang, Tongchuan,
Baoji, Xianyang, Weinan, Yan’an, Yulin, Jinchang, Baiyin,
Wuwei, Zhangye, Pingliang, Qingyang, Longnan, Shizuishan,
and Karamay.

DEA Method and Index Selection
The Data Envelopment Analysis (DEA) is a non-parametric
technical efficiency analysis method that compares evaluated
objects (27). It uses convex analysis and linear programming as
tools to evaluate the relative efficiency level between multi-input
and multi-output Decision-Making Units (DMU).

The DEA method was first proposed by the famous American
operational research scientists Charnes, Cooper, and Rhodes in
1978 (28). Because this method is purely technical and unrelated

to market price, the dimensionless method is not needed to
process the data. This method can directly make efficiency
analysis without defining a particular functional form. It avoids
the problem that it is difficult to estimate the market price
due to changing factors, such as environment and resources,
and the calculation is convenient and simple. At the same
time, without any weight hypothesis, the optimal weight is
obtained from the actual data of DMU input and output,
which eliminates a large number of subjective factors and has
strong objectivity. Therefore, it has been widely recognized
and applied in various fields. This article used the Super
Efficiency SBM (super-SBM) model and the Malmquist index
(MI) model based on the DEA model to measure the static
and dynamic green transformation efficiency of resource-based
cities in western China to comprehensively reflect their green
transformation development.

A Super-SBM Model Based on Undesirable Outputs
Suppose the number of evaluated DMUs is n, denoted as DMUj

(j = 1,2, . . . , n); each DMU has m inputs, denoted as xi (i =
1,2, . . . , m); there are r1 kinds of desirable outputs, denoted as
ys (s = 1,2, . . . , r1); there are r2 kinds of undesirable outputs,
denoted as yq (q = 1,2, . . . , r2); x, y

d, yu represent the elements
in the corresponding input matrix, desirable output matrix, and
undesired output matrix; the current DMU to be measured is
denoted as DMUk, then the model is obtained:

min θ =

1
m
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k
λj ≥ 0

(1)

In Formula (1), θ represents the comprehensive technical
efficiency (TE) under constant return to scale (CRS), which refers
to the static efficiency of the green transformation of resource-

based cities inWestern China. x̄, yd, and yu represents the optimal
solutions of input and output variables in the model. λj is the
weight vector.

Global Reference MI of Super-SBM Model Based on

An Undesirable Output
By comparing the productivity in two periods, the Malmquist
total factor productivity index analysis method can objectively
reflect the changes in productivity and the effects of technical
efficiency and technological progress on the changes of
productivity. Therefore, MI is considered as a supplement for

Frontiers in Public Health | www.frontiersin.org 3 March 2022 | Volume 10 | Article 832904157

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhu and Wang Post-COVID-19 Era

the DEA method. The global reference Malmquist model is
an MI calculation method proposed by Pastor and Lovell in
2005: the sum of all periods of the evaluated DMU can be
used as the reference set, which means that each period takes
the same global frontier as reference (29). As a result, the
efficiency values of each period obtained by using this model
are comparable, which can intuitively demonstrate the change of
productivity in each period. Then, to further observe the dynamic
change of green transformation and explore the intertemporal
efficiency changes, this article chose the global reference MI
method based on the undesirable output super SBM model to
investigate the intertemporal change of green transformation
efficiency of resource-based cities in western China. To calculate
the MI in different periods to evaluate the dynamic efficiency of
green transformation of resource-based cities in Western China,
the essential meaning of the change of the green total factor
productivity is reflected through MI, to explore the development
of green transformation.

Combined with Pastor’s and Lovell’s research results, the
global reference MI period t to t+1 under CRS is obtained [29]:

MIg
(

xt+1,yt+1, xt , yt
)

=
Eg
(

xt+1, yt+1
)

Eg
(

xt , yt
) (2)

In Formula (2), MIg represents the MI value, which is the
dynamic efficiency value of green transformation of resource-
based cities in western China.

Selection of Index
According to the concept of the “two mountains theory,”
this article believes that the essence of measuring the green
transformation efficiency of resource-based cities is to achieve the
maximum economic and green output with the least factor input
and ecological environment loss, and balance the “clear waters
and green mountains” and “mountains of gold and silver” in
the process of green transformation and development of western
resource-based cities.

(1) Input indicators. Input indicators include labor, capital,
energy, and land inputs. Combined with the existing research
results, labor input is calculated by the total number of
people employed in the whole society over the years in each
city (30–32). Capital input is calculated by the investment in
fixed assets of the whole society. Energy input is calculated
by the electricity consumption of the whole society in each
city. Land input is calculated by urban built-up area.

(2) Output indicators, including desirable output and
undesirable output. Desirable output refers to the total
economic output and green area of built-up area, and
undesirable output refers to three environmental pollution
indicators: “waste gas,” “wastewater,” and “smoke (powder)
dust” (hereinafter referred to as “three wastes”). According to
the existing research results, the total economic output can
be measured by the gross domestic product (GDP) of each
city (33–35). Then, the actual GDP output can be converted
by the GDP index with 2004 as the base year, which avoids
the impact of price fluctuation on calculation. The green
area of the built-up area is measured by the green coverage

TABLE 1 | Variable of panel regression model.

Variable name Explanation

TE Calculated by Super-SBM model based on undesirable output: if

TE >1, it refers to a high efficiency; if TE is equal to 1, it is valid; if

TE <1, it refers to a low efficiency.

MI Calculated by global reference Malmquist index model: if MI is

>1, it means that the total factor productivity (TFP) increases; If

MI is equal to 1, it means that the TFP is unchanged; if MI is <1,

it means that the TFP decreases.

AIS Output value of tertiary industry / Output value of secondary

industry.

RO Total export-import volume of the city / GDP.

TI Financial expenditure on science and technology of the city/GDP.

ER Calculated by entropy weight method: sulfur dioxide removal

rate and industrial soot (dust) removal rate.

GDPP Actual GDP per capita (based on 2005).

URB Population in municipal districts at the end of the year/Total

population of the whole city.

HC Number of students in colleges and universities/Total population

at the end of the year.

area of the whole social built-up area of each city. “Three
wastes” takes the total industrial sulfur dioxide emission,
total industrial wastewater emission, and total industrial
smoke (powder) dust emission of each resource-based city
as the proxy variables of the three.

Panel Regression Model and Selection of
Index
In this article, the green transformation efficiency (including
static efficiency and dynamic efficiency) of resource-based cities
in Western China is taken as the explained variable. Based on
current research results, advanced industrial structure (AIS),
regional openness (RO), technological innovation (TI), ER,
level of economic development (GDPP), level of urbanization
(URB), and human capital (HC) are selected as explanatory
variables (Table 1) (36–39). Among them, as one of the explained
variables, the static efficiency value is a set of limited data with a
minimum value of 0. Errors and deviations may occur if using
Ordinary Least Squares (OLS) to regress the model. Therefore,
the panel Tobit model is adopted in this article to estimate the
relevant parameters, and the model is obtained as Formula (3):

TE∗it = αX′
it + εit

εit − N
(

0, σ 2
)

TEit =

{

TE∗it if TE
∗
it > 0

0 if TE∗it ≤ 0

(3)

In Formula (3),TEit represents the static efficiency value, which is
the actually observed explained variable. TE∗it is an unobservable
latent variable. Xit represents the set of influencing factors. i and
t represent region (city) and period (year), respectively. α is the
regression coefficient. The random disturbance term εit obeys the
normal distribution with mean value 0 and variance σ 2. When
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TABLE 2 | Number of cities with effective static efficiency (≥1) from 2005 to 2016.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

Number of cities 6 8 7 6 5 5 3 8 4 5 5 19 81

FIGURE 1 | Mean static efficiency of green transformation of resource-based cities in western China from 2005 to 2016.

the latent variable TE∗it is >0, TEit is equal to TE∗it itself; when
TE∗it is ≤0, TEit is equal to 0.

There may be a lag in the dynamic development process
of urban green transformation efficiency in the actual social
development process. Therefore, this article introduces the first-
order lag term of the explained variable MI in the dynamic
efficiency model to accurately obtain the dynamic panel model
and regression result as Formula (4):

MIit = γ + β0MIit−1 + β1X + µi + εit (4)

In Formula (4), MIit refers to the dynamic efficiency value. β

is the regression coefficient. γ is the constant term. µi is the
individual effect term. εit is the residual term.

Data Source and Processing
The explained variables in this article were selected from the
panel data of 38 resource-based cities in Western China from
2004 to 2016 to calculate the static value and dynamic value
of urban green transformation in 12 years from 2005 to 2016.
The panel data from 2005 to 2016 were taken for explanatory
variables. All data come from the “China City Statistical

Yearbook,” “China Statistical Yearbook for Regional Economy,”
provincial statistical yearbooks, and statistical communiques
of the city on national economic and social development. A
few missing values were supplemented by the interpolation
method. In addition, to reduce the impact of data fluctuation
and heteroscedasticity on the accuracy of regression results, all
variables were logarithmically processed.

RESULT ANALYSIS

Evaluation of Green Transformation
Efficiency of Resource-Based Cities in
Western China
Static Efficiency Evaluation of Green Transformation
Based on the input-output index system and a basic model
constructed above, this article used the MAXDEA 7.12.10
software (MaxDEA@maxdea.com; MaxDEA@qq.com; MaxDEA
Software Ltd.) to calculate the annual static efficiency value
(TE) of the green transformation of 38 resource-based cities
in Western China from the global reference perspective and
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TABLE 3 | Number of cities with dynamic efficiency growth (> 1) from 2005 to 2016.

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total

Number of cities 11 19 19 23 18 23 13 25 23 21 24 35 252

FIGURE 2 | Mean dynamic efficiency of green transformation of resource-based cities in western China from 2005 to 2016.

the perspective of the maximum output of fixed input and
CRS hypothesis.

Among the 456 static efficiency values, there are 81 values
whose effective values are≥1 (the efficiency values of Tongchuan
in 2012 and Nanchong in 2014 are equal to 1), accounting
for 17.76% of the total sample. In other words, 82.24% of the
efficiency values show low efficiency. It is worth mentioning that
there are 19 effective values in 2016. It indicates that within the
research range, the green transformation level of resource-based
cities inWestern China is obviously higher this year than in other
years (Table 2).

To understand the basic situation of the static efficiency of
green transformation in each city, the annual average efficiency of
38 resource-based cities from 2005 to 2016 is further calculated.
The results show that the mean values of static efficiency are
all <1, with the maximum value being 0.983 in Tongchuan
and the minimum value being 0.379 in Longnan. This indicates
that all cities have a certain degree of resource waste in the
process of green transformation, resulting in low transformation

efficiency. Figure 1 can clearly show the static efficiency level of
each resource-based city in Western China.

To sum up, the static efficiency of the green transformation of
western resource-based cities is generally at a low level, and it is
in the low-efficiency stage for most of the time.

Dynamic Efficiency Evaluation of Green

Transformation
Based on the above efficiency evaluation indicators and basic
software settings, the MI for 12 years of 38 resource-based cities
in western China from 2005 to 2016 is calculated, referring to the
dynamic efficiency value of green transformation.

Among the 456 dynamic efficiency values, 252 values are ≥1,
accounting for 55.26% of all samples. In other words, more than
half of the samples increase in MI, indicating that the efficiency
of green transformation is improved compared with the previous
year, and the effect of green transformation becomes better. If
an MI value >1 is evaluated as excellent green transformation,
then cities in 2016 have the highest excellence rate and the
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FIGURE 3 | Dynamic efficiency trend of green transformation in western

resource-based cities from 2005 to 2016.

largest number of cities with positive dynamic efficiency growth
(including 35 cities). As shown in Table 3.

The geometric mean is further used to calculate the average
MI of each city from 2005 to 2016. According to the calculation
results, there is little difference in the mean value of dynamic
efficiency among cities from 2005 to 2016, and the difference
between the maximum value of 1.062 (Baotou City) and the
minimum value of 0.963 (Yulin City) is only 0.099, referring to
that there is no obvious difference in the dynamic effect of green
transformation among cities in the study area. Among them,
there are 28 cities with an average value >1 and 10 cities with
an average value <1, accounting for 73.68 and 26.32% of the
38 cities, respectively. It can be explained that in the 12 years
from 2005 to 2016, the average dynamic efficiency of 73.68% of
the resource-based cities in Western China has increased. The
green transformation effect of these cities is generally desirable,
and each city has made progress. The green transformation effect
of the remaining 26.32% of resource-based cities is backward in a
small range (Figure 2 for details).

As shown in Figure 3, the dynamic efficiency of the overall
green transformation of western resource-based cities can be
observed from a time-series perspective. From 2005 to 2015, the
average dynamic efficiency slightly fluctuated, with a difference of
only 0.141 between the highest year 2012 (1.092) and the lowest
year 2005 (0.951). In 2016, the average value of dynamic efficiency
increased significantly, reaching a peak of 1.230. The gap between
this value and the lowest value in 2005 increases to 0.279. In this
year, the average value of dynamic efficiency achieves the annual
maximum sequential growth of 21.06%. Except that the dynamic
efficiency values in 2005, 2009, 2011, and 2013 are slightly <1,
the dynamic efficiency values in other years are all >1, indicating
that the green total factor productivity has either high or low
improvement in most years.

Influencing Factors
Influence of Different Factors on Static Efficiency of

Green Transformation
Regarding the Tobit model regression of panel data and based
on the research of scholars, it is difficult to obtain consistent
and unbiased estimators by using the fixed effect Tobit model
to estimate the panel data (40). Therefore, the mixed Tobit

TABLE 4 | Regression results of influencing factors of static efficiency and

dynamic efficiency of green transformation in western resource-based cities.

Explanatory variable Model 1

(Super-SBM)

Model 2

(Malmquist index)

AIS 0.0286

(0.0210)

0.0281*

(0.0156)

RO −0.0151

(0.0124)

−0.0047

(0.0040)

TI 0.0318**

(0.0156)

0.0237**

(0.0093)

RE 0.0183

(0.0161)

0.0347***

(0.0065)

GDPP 0.1278***

(0.0323)

0.1460***

(0.0110)

URB 0.0409

(0.0348)

0.0220**

(0.0105)

HC −0.0991***

(0.0285)

−0.0002

(0.0135)

Constant 0.7435***

(0.2234)

−0.3344***

(0.1142)

LR 231.21

P-value 0.000

First-order lag term of

dynamic efficiency MI

0.1445***

(0.0082)

AR(1) 0.0015

AR(2) 0.8853

Sargan test 1.0000

***, ** and *indicate significance at the level of 1, 5, and 10%, respectively; the values in

brackets are robust standard errors.

regression model or the panel Tobit model with random effects
are adopted in regression and the selection of two methods is
determined by the Likelihood Ratio test (LR test). The results
of the LR test for model 1 show that the original hypothesis
(P = 0.000) is rejected, that is, the model is considered to have
individual effects. For this reason, the panel Tobit model with
random effects is selected for regression. The results are shown
in Table 4.

It can be seen from the regression results given in
the above table: first, TI significantly promotes the static
efficiency of green transformation of western resource-based
cities at the level of 5%. The higher the government financial
investment in science and technology, the higher the static green
transformation efficiency. The possible reason is that under
the new situation of technological globalization and ecological
environmental protection, more resource-based cities inWestern
China gradually abandoned the extensive resource development
and management mode, and choose to adopt more advanced
technology and equipment. At the same time, enterprises are
strongly encouraged to improve their market competitiveness
through TI. The regression results just confirm the correctness of
promoting green transformation through TI. Gates Foundation
CEO Mark Sussman mentioned in the latest annual open letter
of the Gates Foundation in 2022 that COVID-19 has brought
heavy losses to society, but also brought technological progress.
Particularly in the areas of health and agriculture, we can use the
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research and development of new drugs to tackle major diseases,
such as COVID-19, among the poor, including resource-based
cities in Western China, and use agricultural innovation and
transformation technologies to help cities solve problems, such
as drought, to cope with the threat of climate change. It can be
seen that in the post epidemic era, the static efficiency of green
transformation of resource-based cities inWestern China can still
be improved through effective TI.

Second, the GDPP has a positive influence on the static
efficiency of green transformation, indicating that the green
transformation of resource-based cities in Western China is
closely related to economic development. The GDPP directly
affects the economic and social benefits of resource-based
cities. Restricted by geographical location, resource dependence,
and policy support, the level of economic development of
different resource-based cities in Western China is also different,
which makes the static efficiency of green transformation
different. Since 2010, China has gradually increased the
undertaking of industries in Western China, implemented
the green Belt and Road Initiative, and further promoted
the strategy of western development in the 13th Five-Year
Plan. By increasing the proportion of the local transformation
of resources and using industry to drive regional poverty
alleviation, it has effectively promoted the rapid economic
growth of resource-based cities in Western China, provided
more material basis for the green transformation of resource-
based cities as well as greatly improved static efficiency.
In the early days of COVID-19, China’s economy had a
short shrinkage. But after the second quarter, with the
effective control of COVID-19 in China and the continuous
introduction of the “six stability” and “six guarantees” policy
measures, China’s economy began to steadily recover and
return to the pre-epidemic level. Today, most cities in China,
including resource-based cities in the western region, have
realized continuous regional economic growth, providing strong
material support for the improvement of static efficiency of
green transformation.

Third, HC has negative effects on static efficiency. This may
be due to the geographical location of western resource-based
cities that is relatively remote and the economic development
is relatively backward, resulting in a single level and low
level of HC. Although the cities have adopted more talent
introduction strategies, they still fail to attract more high-
level talents. While resource-based cities lack core talents,
homogenized and low-level human resources are relatively
crowded. Due to the above reasons, the HC factor in
the research range fails to play its endogenous dynamic
role but hinders the improvement of static efficiency of
green transformation of resource-based cities in Western
China. This also points out that western resource-based
cities should give more focus on the HC in the process
of promoting green economic recovery and realizing green
transformation in the post-epidemic era. The problems of
education loss and population mobility caused by COVID-
19 have further increased the pressure of HC to promote the
static efficiency of resource-based cities’ green transformation in
western China.

Fourth, the coefficient of AIS, ER, and URB is positive and
the coefficient of RO is negative, but they all fail to pass the
significance test.

Influence of Different Factors on Dynamic Efficiency

of Green Transformation
On the basis of testing the influence of different factors on the
static efficiency of green transformation in resource-based cities
in Western China, and in view that city green transformation
is a long-term development process, we further investigate the
impact of various factors on the intertemporal efficiency of
green transformation from a dynamic perspective, and then the
regression analysis of Model 2 is made correspondingly.

To obtain more accurate regression results and control the
influence of the explained variable with one-period lag, this
article adds the first-order lag term of the explained variable MI
in the regression model as an instrumental variable, but this will
inevitably lead to endogeneity problems. For dynamic panel data,
deviations will be made in the estimator if panel data regression
models, such as OLS, fixed effects, or random effects, are adopted.
The system Gaussian Mixed Model (GMM) can effectively solve
the potential endogeneity problem of model variables. Its basic
method is to introduce the N-order lag term of the explained
variables into the model as instrumental variables to alleviate
the influence of endogeneity and ensure the effectiveness and
consistency of estimators (40). Therefore, this article adopts the
two-step system GMM method to estimate the model. At the
same time, the Sargan test and Arellano Bond test are carried
out on the basis of regression results. The Sargan test is used
to judge whether the set tool variables are over-identified. The
original hypothesis is “all the selected tool variables are valid.”
If the P > 0.1, it means that the original hypothesis cannot
be rejected, that is, the selected tool variables are valid. The
Arellano Bond test is used to determine whether the error item
has a sequence correlation problem. The P-value of AR (1)
should be <0.1, that is, the original hypothesis of “no sequence
autocorrelation” is rejected, indicating that the model has first-
order autocorrelation. Meanwhile, the P-value of AR (2) should
be > 0.1, which is, the original hypothesis of “no sequence
autocorrelation” is accepted, indicating that the model has no
second-order autocorrelation problem.

The test results show that the Sargan test result of model 2 is
1.000, far >0.1, so the original hypothesis is accepted, indicating
that the instrumental variables selected in the estimation process
are effective. The AR (1) P < 0.1, and the AR (2) P > 0.1,
indicating that the model has first-order autocorrelation but
no second-order autocorrelation. Therefore, the setting of the
dynamic panel data model is reasonable.

Table 4 presents the specific regression results of dynamic
efficiency. The results show that the regression coefficient of
AIS is significantly positive, indicating that the advancement
of industrial structure has significantly promoted the dynamic
efficiency of green transformation in the western resource-based
cities in a long term. This conclusion is consistent with the
research results of scholar Zhao et al. (36). On one hand, this
result is consistent with the general rule of industrial structure
evolution. That is, the industrial structure of resource-based cities
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becomes more and more advanced through the increase of the
proportion of tertiary industry and the decrease of the proportion
of the secondary industry, which leads to the significant
improvement of ecological and environmental problems. On
the other hand, the characteristics of industrial structure
determine the industrial distribution and development pattern
of regional energy consumption and energy emission (41). With
the introduction and implementation of a series of industrial
support policies by the government in Western China in recent
years, some highly polluting enterprises in resource-based cities
have gradually withdrawn, while the number of knowledge-
intensive and technology-intensive enterprises has increased. It
increases the proportion of the tertiary industry, reduces energy
consumption and pollutant emission, and promotes the green
sustainable development of western resource-based cities. During
the COVID-19 period, the tertiary industry was most directly
affected by the epidemic. But thanks to China’s great epidemic
prevention measures, the cities all over the country returned to
work and production in an orderly manner. In general, it has not
affected the advancement of the western resource-based cities and
even the whole country’s industrial structure and the promotion
of the 13th Five-Year plan. After entering the “14th five-year
plan” period, the fluctuation of the output value proportion
of the tertiary industry will be controlled within a reasonable
range, and the development momentum of the emerging digital
economy and service economy is good. If it continues to develop
on this basis, the epidemic will not have a fundamental impact
on the dynamic development process of green transformation,
and the advancement of industrial structure will continue
to promote the green transformation of resource-based cities
in western China.

The correlation is positive between TI and the dynamic
efficiency of green transformation in resource-based cities, which
becomes significant at the statistical level of 5%. It indicates
that TI can effectively reduce environmental pollution and
improve sustainable development capacity, which is vital for
the green transformation and development of resource-based
cities in Western China (42, 43). In recent years, the state
and the government of resource-based cities have continued to
increase science and technology funds to support TI in the region.
At the same time, governments have strengthened the green
transformation of traditional industries, continuously improving
equipment and tackling critical problems about core technologies
on new energy and recyclable technologies. These have
vigorously promoted the development of city environmental
protection and further implemented the policies related to urban
green environmental protection. To a certain extent, these help
western resource-based cities achieve “overtaking on curves” in
green transformation and sustainable development. COVID-19
is highly infectious. During the epidemic period, we should try
to avoid contact with people. Under this control request, we
will continue to innovate in the field of science and technology,
represented by robots and artificial intelligence, and big data has
been innovatively applied in epidemic prevention and control.
Through the empowerment of science and technology and
the replacement of labor with machines, the contact between
people is reduced, the risk of epidemic spread is reduced, and

the ecological and environmental pressure caused by human
pollution is also reduced, which is conducive to the green
transformation and development of resource-based cities in
Western China.

Environmental regulation (ER) also has a positive impact on
the dynamic efficiency of green transformation of resource-based
cities in western China. It shows that the higher the level of
ER, the better the development of city green transformation.
In other words, long-term and reasonable ER can improve the
dynamic efficiency of green transformation of resource-based
cities. This may be because since the 11th and 12th Five-Year
Plan, governments in Western China have gradually established
a number of legal systems and policy guidance and unswervingly
promoted green development and improved the environmental
governance system. Taking the Environmental Protection Law
of the People’s Republic of China as the fundamental criterion
for ecological and environmental protection in all parts of
the west, different ERs and measures have been approved and
issued in accordance with local conditions, such as Recent Soil
Environmental Protection and Comprehensive Treatment Plan
of Yunnan Province, the Environmental Protection Regulations
of Inner Mongolia Autonomous Region, etc. Local governments
also use their administrative power to strengthen environmental
protection, including suspending high-pollution and high energy
consumption plants, monitoring and controlling the source
of industrial pollution, making marginal cost of pollutant
companies close to marginal social cost. At the same time, the
governments of resource-based cities in Western China have
increased their investment in environmental pollution control.
The multi-pronged approach has achieved remarkable results
in pollution control and emission reduction, which effectively
promotes the region’s green transformation and development.
Affected by the epidemic, the government has strengthened
the environmental supervision of cities and enterprises to
prevent the spread of the virus. This measure has accelerated
the green transformation of the industry, promoted the green
transformation of resource-based cities in western China and
regional sustainable development.

The regression coefficient of GDPP is positive, indicating that
under certain conditions, the higher the economic development
level of resource-based cities in Western China is, the greater
the positive impact it has on the dynamic efficiency of
regional green transformation, and the more conscious and
capable the region will be to promote the development of
green transformation. In resource-based cities with a high
GDPP, the government and the people tend to invest more
material and HC. Through the development of high-tech R&D,
equipment updating and innovation, and ecology of science
and technology, the production efficiency can be improved
while the emission reduction effect of science and technology
can be brought into play to effectively reduce urban pollution.
It also promotes green development which has low energy
consumption, low pollution, high quality, and high efficiency.
With the deepening of the concept of sustainable development
and the One Belt and One Road initiative raised by general
secretary Xi Jinping, the economy of the western resources-based
city continues to improve. The cities take advantage of resources

Frontiers in Public Health | www.frontiersin.org 9 March 2022 | Volume 10 | Article 832904163

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Zhu and Wang Post-COVID-19 Era

and energy to speed up the industrial transformation, build
a sound environment to attract investment. The accumulation
of financial strength for the transformation of green resources
has fundamentally promoted the green sustainable development
of resource-based cities. China is the first country to recover
from COVID-19 in the world. The western resource-based
cities, which is the same as the national economic development
situation, have achieved economic recovery and sustained
growth after a short period of shrinkage. This shows the
economic resilience of resource-based cities in Western China
and provides a strong endogenous impetus for the realization of
green transformation.

The regression coefficient of URB on the dynamic efficiency
of green transformation is positive, and it is significant at the 5%
level. The research shows that the higher the URB, the stronger
the promotion effect on the green transformation development
of resource-based cities, which is consistent with the research
results of Gao (44). A healthy ecological environment cannot be
separated from the material basis and technological conditions.
Urbanization, as a new driving force for economic development,
forms an interdependent relationship with regional ecological
environment protection (45, 46).

Through the eastern industrial transfer, trade exchanges,
and cooperation with countries and regions along the Belt
and Road, it has provided abundant employment opportunities,
attracted a large number of rural population to the cities,
and developed the urban economy. This has fundamentally
promoted the urbanization process of the western resource-
based cities. These cities have been rapidly facilitating the
urbanization process, effectively gathering abundant capital
and labor resources, introducing and developing advanced
technology and equipment, and then they begin to be able to deal
with various environmental pollution and other problems in a
centralized manner. In addition, the human resources reserve in
the urbanization construction also plays its due role, which helps
to tap and release the green potential of the city, and promotes the
green transformation and development of the western resource-
based cities as a whole. Besides, the human resource in the
urbanization construction also makes a contribution, which
helps release the potential of cities, and promotes the green
transformation development of resource-based cities in Western
China as a whole. The outbreak of COVID-19 has increased
the living pressure of residents in western resource-based cities.
Especially during the closed management period, it is necessary
to guarantee the basic living needs and the normal operation of
the city while ensuring the safety of life. But at the same time,
the epidemic has also strengthened the development of the urban
medical and health industry and digital industry and deepened
the city and its residents’ awareness of the green industry and
green life. Therefore, in the post-epidemic era, the improvement
of URB can effectively promote the green transformation of
resource-based cities in western China.

Both RO and HC have negative effects on dynamic efficiency,
but they do not pass the significance test. However, it does not
mean that the two have no impact on the green transformation
development of resource-based cities. It may need to be estimated
with data included in a longer time series in the future.

CONCLUSION AND ENLIGHTENMENT

This article takes 38 resource-based cities in Western China
from 2005 to 2016 as the research object, evaluates the static
efficiency and dynamic efficiency of green transformation of
each city by using the super-SBM model and the MI model
of the DEA method and takes the two efficiency values as
explained variables. We carry out Panel regression analysis by
using the panel Tobit model with random effects and two-step
system GMMmethod to comprehensively investigate the impact
of different factors on the green transformation efficiency of
resource-based cities in Western China. The main conclusions
are as follows: first, the static efficiency of green transformation
of resource-based cities in western China is generally low
with uneven development. The regional green transformation
needs to be further improved. Second, in the study area, the
dynamic efficiency of green transformation of resource-based
cities in western China shows an upward fluctuation and an
accelerating trend. The overall development situation of green
transformation is desirable. Third, the impact of TI and economic
development level on the static efficiency of western resource-
based cities’ green transformation is significantly positive, while
the impact of HC on static efficiency is significantly negative.
It shows the necessity to strengthen the support for TI in the
green transformation stage of western resource-based cities and
improve the city’s economic development. At the same time, the
government needs to further explore the potential power of HC
on the green transformation of resource-based cities. Fourth, the
AIS, TI, ER, GDPP, and URB all have a significantly positive effect
on the dynamic efficiency of green transformation, indicating
that the improvement of the above factors will be conducive to
the green transformation development of resource-based cities in
western China in a long run.

Based on the special background of the global spread of
COVID-19 and the above research conclusions, this article holds
that, in the short term, COVID-19 is likely to remain, so the
government should combine economic recovery with green
transformation and integrate the concept of green sustainable
development into all aspects of policy formulation, industrial
layout, and production and life. It is expected that the resource-
based cities in Western China will smoothly pass through the
green transition window period and epidemic period while the
economy continues to grow. In the medium and long term, we
need to plan ahead and make a long-term layout, summarize the
experience and lessons brought by the outbreak of COVID-19,
improve the resilience of western resource-based cities to cope
with sudden disasters and ecological changes, make innovation
the first driving force and green the internal vitality, so as
to contribute to China’s sustainable development. This article
draws the following enlightenment: first, although the efficiency
level of green transformation of resource-based cities in western
China has been improving year by year, it is still uneven and
unable to promote the overall green sustainable development
in the western region. The government of resource-based
cities in Western China should focus more on the difference
in green transformation efficiency among cities, formulate
targeted policies according to local conditions, and realize the
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comprehensive, harmonious, and sustainable development of
humans and nature in the region. 1) Local governments should
continue to optimize the industrial structure and develop the
tertiary industry. Although the outbreak of COVID-19 has
brought unprecedented pressure to the tourism service industry
of resource-based cities in western China, it has fully stimulated
the development demand and potential of the urban digital
economy. The traditional way of trade is under great pressure.
The advantages of digital and accurate modern commercial
trade are becoming increasingly obvious. E-commerce online
shopping has become a new form of trade with its high efficiency
and point-to-point characteristics, In addition, online industries,
such as online entertainment, online conference, and office,
are also growing rapidly. Therefore, resource-based cities in
western China should seize the advantages of geographical
location and opportunities of the times, actively participate in the
construction of the new industrial chain of “One Belt and One
Road,” cultivate and strengthen characteristic industries, develop
emerging industries, improve the proportion of the tertiary
industry, and promote the AIS. 2) The government should
increase investment in science and technology and improve
the level and intensity of technology innovation, especially the
R&D and application of green technologies. On March 2, 2020,
when General Secretary Xi Jinping inspected the COVID-19
prevention and control research work in Beijing, he stressed
that “human development cannot overcome major disasters
and epidemics without scientific development and TI” Western
resource-based cities should seize the opportunity brought by
the epidemic to promote social and TI, vigorously develop green
technology, promote the construction of new infrastructure, and
speed up the transformation of old and new driving forces. 3)
The government should set up ER policies according to local
conditions, improve decision-making level, avoid “one size fits
all.” The impact of the epidemic poses a severe threat to the ER
of resource-based cities in western China. Therefore, in the post-
epidemic era, it is necessary to explore a differentiated ER model
that takes into account both ecological civilization and economic
and social development, improves the flexibility, pertinence,
and effectiveness of ER, and grasps the ecological red line.
All law enforcement departments should properly implement
their responsibilities. The government should establish and
improve the supervision and supervision mechanism for the
development of green transformation, improve the supervision,
increase the illegal cost of enterprises, establish and improve
the compensation mechanism for ER, and formulate policies
according to local conditions in western resource-based cities
to improve the local ecological environment, so as to accelerate
the green transformation in the post epidemic era. 4) The
government should continue to push forward the city’s economic
development and improve urban economic resilience. In the post
epidemic era, on the basis of fully doing a good job in epidemic
prevention and control, the governments of resource-based
cities in the West should have an overall awareness, deal with
the relationship between the government and the market, the
relationship between capital and labor, the relationship between
supply and demand and the difference in the GDPP between
regions, support the development of micro, small and medium

enterprises, and provide them with financial, technical, policy
and other assistance, guard against financial risks, and improve
economic resilience. 5) The government should continue to
facilitate the urbanization process, strengthen the construction
of new urbanization, and improve the livable degree of cities by
realizing city low-carbon production. In the post epidemic era,
the government of resource-based cities inWestern China should
focus on the people, promote employment and protect people’s
livelihood, implement the employment priority policy, promote
employment through multiple channels, give priority to ensuring
the employment of low-income groups, provide training and
services for laid-off reemployment, coordinate urban and rural
development, and ensure the normal progress of urbanization in
resource-based cities. 6) It is worth mentioning that HC was not
found positive in increasing the green transformation efficiency
in this study. So in the future, the government should improve
the talent introduction system to attract medium and high-end
talents, adjust the current utilizationmode of HC to fully tap their
potential power, make HC play a full role in the post epidemic
era, and drive resource-based cities in the west to realize green
economic recovery.

Second, with the experience of green transformation of
resource-based cities in the central and eastern regions,
such as Xuzhou and Zaozhuang, western cities should
continue to support their dominant industries while
expanding new economic growth points and accelerating
the construction of public health, disaster prevention, and
mitigation, comprehensive transportation and other projects
to improve the green transformation efficiency in the post
epidemic era.

Finally, western resource-based cities should improve green
production capacity and resource utilization efficiency to
reduce resource investment and waste, accelerating the green
transformation process of resource-based cities in western
China, realizing the win-win situation of “mountains of
gold and silver” and “clear waters and green mountains”
in the near future, and contributing China’s strength to the
world’s green recovery and sustainable development in the
post-epidemic period.

DISCUSSION

At present, resource-based cities in western China are in
the window period of green transformation, the epidemic
prevention and control period, and the construction period of
the new development pattern of the national “double-cycle,”
which is also a historical-critical period for the economic
and social development of the western region and China.
While keeping up with the characteristics of the times, this
article uses the efficiency characteristics to investigate the
green transformation achievements of western resource-based
cities from static and dynamic perspectives, and regresses the
key influencing factors, so as to provide a more targeted
and enlightening basis for the improvement and development
direction of green recovery and sustainable development in
the post epidemic era. Therefore, compared with the existing
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literature, on the one hand, the perspective of this study
is more comprehensive, scientific, and directional. On the
other hand, this study further enriches the regional research
system of green transformation of resource-based cities in
China. In addition, in reality, the factors affecting the green
transformation of resource-based cities in western China will be
more complex. Therefore, it will be the focus of future research
to continuously track and introduce new explanatory variables
and conduct moremicroscopic studies based on different types of
resource-based cities.
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The current study investigates the association of various economic, non-economic,

governance, and environmental indicators on human health for seven emerging

economies. Covering the period from 2000Q1 to 2018Q1, this study uses various

panel data approaches for empirical estimations. The data is found first-order stationary.

Besides, the panel slope is heterogeneous and cross-sectional dependence is present.

Further, the cointegration association is found valid among the variables. Therefore,

panel quantile regression is used to determine the long-run impact of each explanatory

variable on human health at four quantiles (Q25, Q50, Q75, and Q90). The estimated

results asserted that economic growth, government health expenditure, and human

capital significantly reduce human health disasters like malaria incidences and cases.

At the same time, greenhouse gas emissions and regulatory quality are significantly and

positively correlated to human health issues in emerging economies. Moreover, mixed

(unidirectional and bidirectional) causal associations exist between the variables. This

study also provides relevant policy implications based on the empirical results, providing

a path for regulating various economic, environmental, and governance sectors. Effective

policy implementation and preventive measures can reduce the spread of diseases and

mortality rates due to Malaria.

Keywords: human health, environmental degradation, regulatory quality, health expenditure, human capital,

quantile regression

HIGHLIGHTS

- The association of various economic, non, economic, governance indicators, and human health
are examined.

- Seven emerging economies are considered as a panel from 2000 to 2018.
- Panel data approaches and quantile regression is used to obtain the empirical results.
- Greenhouse gas emissions and regulatory quality adversely affect human health.
- Health expenditures, economic growth, and human capital significantly positively influence

human health.
- Mixed causal associations are found existing between the study variables.
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INTRODUCTION

Rapid expansions and economic development have deteriorated
the environmental quality (1, 2). Greenhouse gases and carbon
emissions are the main culprits of environmental deterioration
worldwide. Researchers and scholars argued that global warming
is directly or indirectly associated with the recurrence of
the Malaria epidemic, which is again a growing concern
internationally (3, 4). About 80% of the world’s global warming
is due to consumed energy, ∼75% is due to greenhouse gas
emissions causing abrupt climate changes (5). Severe climate
changes have caused various diseases and health disparities The
global temperature varies with acute effects on human health
(6, 7). The impact of global warming depends on the human
population (host) and infectious agents. It is a gradual process
that has serious and harmful consequences with time. The
environmental changes trigger and lead to a shift in disease
patterns (8, 9). Over the past years, mortality and diseases have
risen due to environmental pollution but also it is a hurdle
in sustainable development (10). The Malaria outbreaks have
befallen many temperate areas of the world. According to the
research of the World Health Organization (WHO) and others,
Malaria is a widely spreading infectious disease fromGreenhouse
gases. In 2020, half of the world’s inhabitants were at risk of
the infectious disease; Malaria. Approximately 241 million cases
of Malaria were informed in 2020 and 227 million cases in the
year 2019, while estimated deaths were 6,27,000 worldwide in
2020 (11). Additionally, the WHO reports that it is expected that
the climate conditions may threaten some regions of the world,
causing the increasing transmission of Malaria by the year 2050.

Lately, several researchers have studied the influence
of environmental degradation on the public’s health. The
interaction of human health with the environment is a widely
researched topic, and many scholars have proven the significant
risks toward human health (12). In an exploratory analysis in
the case study of Canada, the authors observed a significant
relationship of the environment with public health expenses.
The association of human health with the environment is an
extensive research issue. Many authors observed a significant
association of the environment with public health and its
financing (13). Escalating environmental degradation has raised
the negative influence on health and positive association with
institutional quality and health expenses (14). Institutional
quality is important because it has significant benefits for
environmental enhancement in many developed economies
by reducing Carbon emissions (15, 16). Increasing healthcare
problems create a burden on governmental expenditure. The
major cause of environmental degradation is greenhouse
(GHG) and carbon dioxide emissions (17–19). These emissions
are not harmful to human health but also affect economic
activity adversely (13, 20). The findings of the notable studies
indicated that environmental degradation negatively influences
people’s health. Infectious and other respiratory diseases are
spread through carbon and Greenhouse gas (GHG) emissions
worldwide. Due to this, the world has adverse impacts on human
lives by reducing life expectancy. Health is a national asset that
plays a significant role in the economy’s prosperity. It governs the

human capital, an imperative factor for the economy’s growth.
The role of government and institutions is essential in delivering
the finest healthcare facilities and protecting the environmental
quality. An adequate health budget is essential for public health
improvement. Government, public institutions, renewable
energy consumption, and efficient regulatory environmental
laws can help sustainability. Miao et al. (21) revealed that
renewable energy and globalization (financially) contribute to
the quality of the environment.

The article aims to explore the role of GHG, Government
Health expenditures, and Institutional quality forMalaria control
or Malaria spread. Numerous authors and researchers in the
existing literature have discussed the influence of GHG on public
health, while some indicated that GHG helps in the spreading of
infectious diseases. However, neither of the studies has explored
the role of GHG in spreading or controlling infectious diseases.
First, the present study examines the role of greenhouse gases
emissions, heath expenses of the government, and institutional
quality for control of Malaria in emerging seven economies.
These are three BRICS countries, i.e., Brazil, India, and China,
including the other emerging countries, i.e., Mexico, Indonesia,
Turkey, and Bangladesh, correspondingly. The study aims to
bridge the gap by analyzing the Malaria spread or control in
these emerging economies. Second, the study adds multifold
directions by scrutinizing the Malaria spread on two models. In
the first Model, the impact of explanatory variables is analyzed
over the incidence of malaria cases per 1,000 population size.
In the second Model, the number of Malaria cases reported is
used as the dependent variable for the study. This is a significant
contribution in the study investigating the role of greenhouse
gases on health proxying Malaria control or incidences; a pioneer
study in the prevailing academic literature.

The rest of the article is organized as follows. The
next section briefs about the literature review for a deep
understanding. Section Data and Methodology is about the data
and methodology that is used for research. Then, results with
discussions and conclusions are elaborated in Sections Results
and Discussions and Conclusions and Policy Implication of the
article, respectively.

LITERATURE REVIEW

This segment deals with the literature background and some
empirical evidence related to the research in terms of variables
and their inter-relationship to the study. The first sub-section is
about the background though the second sub-section is about
the literature about environmental degradation, institutional
quality, and health expenditures for Malaria spread across
countries. Then at the end of this segment, the research gap
is briefed.

Literature Backdrop
The existing literature is focused on two specific fields of
research. First, the interrelationship of environment changes and
health of the public in which the climate has increased cases
of health issues, thereby increasing the expenditures on public
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health and health reforms. Poor health influences the economic
performance of the country and cumulative national income
(22, 23). The second research area is about carbon emissions
and green climate. The research and development in carbon
emissions and green technology have gained pace since it requires
a massive budget, research, and technological advancement.
The world is focusing on carbon-efficient technologies for
a greener and cleaner environment for eliminating pollution
that affects public health (24, 25). The findings of the novel
studies indicated that environmental degradation negatively
influences the health of the people in 17 MENA (Middle Eastern
and North African) countries. It can be enhanced by good
institutional quality with effective environmental laws (26). The
poor environment is linked with health disparities and diseases.
Many diseases like cancer, Malaria, premature death, and other
respiratory diseases are spread through carbon and Greenhouse
gas (GHG) emissions. Tyagi et al. (27) observed an overview of
studies in the literature on environmental degradation causes.
The major consequences of poor quality of the environment
are the depletion of natural resources (quality and quantity).
They also investigated that this, in turn, affects human health
worldwide because of the interconnection with each other. Patz
et al. (28) inspected that changing climatic conditions have a
significant influence on the public’s health. There are physical,
chemical, and biological impacts of climate variability such as
extreme weather conditions, drought, floods, acid rains, exposure
to ozone, infectious diseases cycles (annually), and other
vector-borne diseases (Malaria and Dengue) and waterborne
diseases (Cryptosporidiosis and Diarrhea). Additionally, it also
impacts the productivity of food, especially in those agro-
based developing countries based on livestock and farming.
In agreement with the notable research for the Chinese
economy, the authors studied the dynamic association between
economic change, public health, and environmental effluence.
They scrutinized the association in 30 provinces of China using
panel data. They confirmed the harmful impact of environmental
pollution on the public’s health that not only affects the GDP
per capita but also becomes a hurdle in promoting the growth
of the economy (29). Moosa and Pham (30) inspected a positive
and significant impact on health expenditures by environmental
degradation. They applied the Autoregressive distributive lag
and cointegration model to explain the bivariate association,
elaborated with the Environmental Kuznets (EKC) hypothesis.
They further observed that the relationship could be positive or
negative liable on the countries per capita income. Real income
harms the environmental quality in both the long and short run
(31). Moreover, environmental quality significantly affects health
expenditures recognized in the case of MENA states. Such as,
carbon and GHG emissions are proportionally related to health
expenses because increasing emissions cause expenditures to rise
due to health deterioration of the people (32). Furthermore,
Edeme et al. (33) applied the Johansen Cointegration and Vector
error correction model (VECM) and noticed that environmental
factors like carbon emissions influence the public’s health. They
also suggested that government needs to implement effective
programs for carbon emissions to mitigate the effects on the
health of individuals of Nigeria.

GHG Emissions, Health Expenditure, and
Institutional Quality in Malaria Spread
The increasing accumulation of greenhouse gas in the
earth’s atmosphere has changed the environment of the
atmosphere. Numerous health analysts observed that the
changing temperature conditions have adverse health outcomes.
Infectious diseases are spread directly from the source, such as
water-foodborne diseases and vector-borne diseases; triggered
by climate change. Malaria is one of those diseases caused by
sensitivity toward climatic factors. It is a temperature-sensitive
illness that occurs due to globalization and the absence of proper
public health infrastructure (34). Rogers and Randolph (35)
predicted a warmer world with the spread ofMalaria in the future
across countries worldwide. However, the global temperature
has been predicted to be between 1.0 and 3.5◦C by 2100 (36).
Moreover, the variability of the climate is likely to influence
the transmission of Malaria due to escalating Greenhouse gas
emissions (37). Ermert et al. (38) assessed the spread of Malaria
from 1960 to 2000 in Africa. They indicated that climate changes
due to GHG emissions significantly spread Malaria. Eckelman
and Sherman (39) examined the factors that link GHG emissions
with health and increase the disease burdens such as vector-borne
diseases like Malaria in the United States. The emissions related
to healthcare are inversely linked with the wellbeing of people
due to the high pervasiveness of extreme climatic conditions.
They suggested that effective institutional laws regarding health
and climate can help in mitigating the adverse effects. Ponku
(40) examined the effective role of governance is positively
significant in enhancing public health, whereas institutional
quality aids public health expenses. Method of moments (GMM)
for 22 sub-Saharan African economies was applied to examine
that the governance and quality of institutions significantly
improve the effectiveness of public health expenditures for
better health results. Louis and Hess (41) observed that health
concerns have been increased in poorer countries regardless of
their insignificant contribution to GHG emissions. Ajide and
Alimi (42) examined the role of institutions in the case of Africa
from the year 1996 to 2016. They discovered that organizational
dysfunction has a significantly negative impact on health results.
Additionally, the environmental pollutants and institutions
negatively affect life expectancy, whereas they have a significant
and constructive influence on health expenses. They concluded
that effective governance and institutional quality could improve
the health of the public and the performance of necessary
services (43). Moosa and Pham (30) inspected the proportional
impact of environmental degradation on health expenditures.
They concluded that an increase in the deterioration of the
environment leads to an increase in government health expenses.

Research Gap
Quite a lot of studies in the literature have discussed the impact
of GHG on public health, while few studies indicated that carbon
emissions and GHG help spread harmful infectious diseases.
While numerous authors and researchers like (12, 36, 39) have
discovered and put deep insights into environmental degradation
and its harmful impacts on the lives of humans. However,
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prior studies ignored the role of greenhouse gas emissions
in spreading or controlling infectious diseases like Malaria.
Hence, the present study bridge this gap by investigating the
association of various economic, non-economic, governance,
and environmental indicators on human health for seven
emerging economies. Additionally, taking into account the
role of institutional quality variables and government health
expenses to explore the influence of GHG emissions, anew
input academically.

DATA AND METHODOLOGY

Data and Model Specifications
This study aims to empirically investigate the influence of
economic, non-economic, and governance indicators on human
health. Therefore, this study adopts seven variables while
following the literature as given in Section Literature Review.
To comprehensively analyze the influence of such variables
on human health, this study uses two variables indicating
Incidence of Malaria (MI) and Malaria cases reported (MC).
However, the explanatory variables include emissions—captured
by greenhouse gas (GHG) emissions, economic growth—
indicated via gross domestic growth (GDP), governance or
institutional quality is captured by regulatory quality (RQ).
Besides, Domestic general government health expenditures
(GHE) and human capital (HC) are also examined in this
relationship. Data for these variables are obtained from multiple
sources, covering the 2000Q1 to 2018Q4 period for seven
emergings (E7) economies, including India, China, Indonesia,
Bangladesh, Turkey, Brazil, and Mexico. The primary reason for
adopting the small sample is the unavailability of data, where
the available data on World Bank site is only for 19 years. The
variables’ specifications and data sources are provided in Table 1.

Following the study of Farooq et al. (44), this study
constructed two models from the above variables, given as:

MIit = f (GHGit ,GDPit ,RQit ,GHEit ,HCit)

MCit = f (GHGit ,GDPit ,RQit ,GHEit ,HCit)

These models demonstrate that GHGit ,GDPit ,RQit ,GHEit , and
HCit are the functions of MIit and MCit . However, these
models could adopt the following econometric form for
empirical examination:

MIit = γ0 + γ1GHGit + γ2GDPit + γ3RQit + γ4GHEit

+ γ5HCit + εit (1)

MCit = γ0 + γ1GHGit + γ2GDPit + γ3RQit + γ4GHEit

+ γ5HCit + εit (2)

Where γ ′s are the coefficients to be estimated and γ0 is the
intercept in both the equations. Whereas, I and t in the subscript
show cross-sections and time-period, respectively. Besides, the
“ε” is the random error term of the regression model.

TABLE 1 | Variables specification and data sources.

Variable Specification Data source

MI Incidence of Malaria (per 1,000

population at risk)

http://apps.who.int/ghodata/

MC Malaria cases reported http://apps.who.int/ghodata/

GHG Total greenhouse gas emissions

(thousand metric tons of CO2

equivalent excluding Land-Use

Change and Forestry)

https://www.climatewatchdata.org/

ghg-emissions

GDP A monetary worth of all final

products and services produced

in a certain period (constant 2015

US$)

https://databank.world-bank.org/

source/world-development-

indicators

RQ Measures views of the

government’s capacity to

establish and enforce solid

policies and regulations that foster

private sector growth. The

estimate is the country’s score on

the aggregate indicator, ranging

from −2.5 to 2.5

https://databank.world-bank.org/

source/worldwide-governance-

indicators

GHE Domestic general government

health expenditure (% of GDP)

http://apps.who.int/nha/-database

HC Refers to the economic worth of a

worker’s expertise, knowledge,

and skills

www.ggdc.net/pwt

Estimation Strategy
Slope Heterogeneity and Cross-Section Dependence

Following the industrial revolution, there was a marked increase
in international business and globalization, even though various
variables influence an economy and its reliance on other nations.
Specialization of one economy in particular commodities or
services draws the attention of other economies and nations
dependent on these services and products. The primary
reason for this dependency is to accomplish numerous aims
and objectives specified by governments or states, including
social, cultural, financial, technological, economic, and technical
purposes. Due to such reasons, one country’s economy may
exhibit similarities or disparities in some areas compared to
other economies. Panel data estimate methodologies such as
slope heterogeneity and cross-sectional dependency are used
in this work. Whereas, if slope heterogeneity and cross-section
dependence are disregarded, the econometric analysis may
provide inefficient results (45). As a result, these two-panel data
concerns are examined here using the Pesaran and Yamagata
(46) slope coefficient homogeneity (SCH) and Pesaran (47) cross-
section dependency (CD) tests. The conventional equation for
estimatingmight be as follows with consideration to the SCH test:

1̂SCH =
√

N(2k)−1 (

N−1Ś− K
)

, (3)

Apart from SCH, this test also evaluates adjusted SCH, which
may be expressed in the following standard formula:

1̂ASCH =
√
N

√

T + 1

2K(T − K − 1)

(

N−1Ś− 2K
)

, (4)
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The test presumes homogenous slopes coefficients as the null
proposition, while the alternate hypothesis could be accepted
only if the estimates are significant.

Likewise, cross-section dependence cannot be overlooked
since it may result in a biased estimate in an economic inquiry
(48). The Pesaran (47) CD test is employed in this instance, and
the typical formulation is as follows:

CDTest =
√
2.T

[N (N− 1)]1/2

N−1
∑

i=1

N
∑

k=1+i

Tik, (5)

The under-discussion test is predicated on the independence of
panel cross-sections in the chosen panel economies. On the other
hand, the alternative hypothesis will be adopted if the estimates
are shown to be significant at any of the 1, 5, or 10% levels.

Stationarity Testing

According to the empirical estimations of slope heterogeneity
and cross-section dependence, the slopes are heterogeneous,
and the panel exhibits cross-section reliance. As a result,
it is critical to use an estimator that effectively addresses
the previously described panel data problem. In this regard,
the present investigation used Pesaran’s (49) cross-sectionally
augmented IPS—termed as the CIPS unit root test. Initially, while
considering cross-section dependency, Pesaran (50) advocated
for a factor modeling method. The averages of cross-sections
are combined in the same manner as the Model’s common
unobserved components. Pesaran (49) used a similar technique
and devised an additional strategy for unit root testing by
expanding the Augmented Dickey-Fuller (ADF) regression
model to include not only the mean and cross-sectional first
difference lags. Even when the panel is imbalanced, i.e., the cross-
section and time period are not equal (N 6= T), the said technique
addresses the CD problem. The cross-sectional ADF has the
following standard equation form:

1yi,t = θi + β∗
i yi,t−1 + d0.yt−1 + d11yt + εit , (6)

As shown in Equation (6), yt is the average of the observations.
To account for serial correlation, this expression may be changed
by adding the following first differenced lags for yit and yt :

1yi,t = θi + β∗
i yi,t−1 + d0yt−1 +

n
∑

j=0

dj+11yt−j +
n

∑

k=1

ck1yi,t−k

+ εit , (7)

Thus, the CIPS is formed and is used in this research to assess for
the existence of a unit root by averaging the t-statistics for each
unit of the cross-section, referred to as the CADFi, and given as:

CIPS = N−1
N

∑

i=1

CADFi, (8)

This test (CIPS) proposes the null hypothesis, indicating that the
unit root exists in the data, but the alternative hypothesis claims
that the data is stationary across time.

Panel Cointegration Test

Since each variable has a panel unit root, it is important to
investigate the long-run equilibrium between the variables under
consideration. In this sense, the current study utilized two-
panel cointegration tests, including Kao (51) and Pedroni (52)
cointegration tests. The Pedroni (52) test provides estimates for
Modified Phillips-Perron t, Phillips-Perron t, and Augmented
Dickey-Fuller t. While the Kao (51) cointegration test provides
statistical values for Modified Dickey-Fuller t, Dickey-Fuller t,
Augmented Dickey-Fuller t, Unadjusted modified Dickey-Fuller
t, and Unadjusted Dickey-Fuller t. The null hypothesis of these
tests presumes that no cointegration exists in the variables.
However, the statistically significant estimates could lead to the
rejection of null and conclude that cointegration exists among
the variables.

Quantile Regression

Following the slope heterogeneity, cross-section dependency
tests, and the cointegration test, we systematically examined the
long-run effect of the variables under discussion on both MI
and MC using the quantile regression technique developed by
Koenker and Bassett (53). The rationale for utilizing quantile
regression is because of data’s normality, implying that traditional
approaches would not generate accurate estimates. Additionally,
to prevent the over-and under-estimation bias inherent in
these standard methodologies, this research used the quantile
regression methodology, which offers the estimated coefficient
at each quantile chosen. Since the panel quantile regression
accounts for both individual and distributional heterogeneity,
it gives detailed information about the connection between the
factors under examination (54). Additionally, quantile regression
has greater predictive ability than standard regression, which
simply offers the average influence of exogenous variables (55).
Additionally, the estimator mentioned above is useful due
to its management of slope heterogeneity and cross-sectional
dependence concerns (56). The previously stated regression
equations, namely Equations (1) and (2) may be transformed
into panel quantile regression forms using Equations (9) and
(10), respectively.

QMIit (θ | αi,ϕt ,Xit) = αi + ϕt + ϕ1,θGHGit + ϕ2,θGDPit

+ ϕ3,θRQit + ϕ4,θGHEit + ϕ5,θHCit

+ εit (9)

QMCit (θ | αi,ϕt ,Xit) = αi + ϕt + ϕ1,θGHGit + ϕ2,θGDPit

+ ϕ3,θRQit + ϕ4,θGHEit + ϕ5,θHCit

+ εit (10)

Whereas, the subscript θ in both equations denote the quantile
for each variable while using four quantiles, namely Q25, Q50,
Q75, and Q90, to experimentally evaluate the effect of GHG, GDP,
RQ, GHE, and HC on MI and MC in developing countries.

Panel Causality Test

The quantile regression approach provides estimated outputs for
each regressor at a certain quantile, but not for their causal link.
This study used Dumitrescu and Hurlin’s (57) Granger panel
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TABLE 2 | Slope heterogeneity.

Slope heterogeneity test Statistics

Model 1

1̃ 3.692***

1̃Adjusted 4.646***

Model 2

1̃ 3.735***

1̃Adjusted 4.700***

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

TABLE 3 | Cross-section dependence.

Cross-section dependence

MI MC

8.03*** 12.32***

GHG GDP

18.77*** 19.46***

RQ GHE

−0.25 3.30***

HC

17.38***

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

causality heterogeneity test to establish causality. This test is more
effective and robust in correcting the panel imbalance (N 6=
T). Additionally, it handles the heterogeneity of panel data and
cross-sectional dependence (58).

RESULTS AND DISCUSSIONS

This segment of the article deals with research results and
discussions. Table 2 shows the Slope Heterogeneity test results;
Table 3 represents the cross-section dependence results with
their significant values. Table 4 has the unit root tests, whereas
Tables 5, 6 shows cointegration outcomes. Tables 7, 8 denote the
Quantile regression results for bothmodels, respectively, with the
Quantile graphical representation of the Models (1 and 2). Last,
of all, Dumitrescu-Hurlin Panel Causality results are displayed in
Table 9 of this section.

Slope Heterogeneity and Cross-Sectional
Dependence
To understand the slope variation before performing Quantile
regressions, slope heterogeneity is applied to examine the
variation among the variables in a systematic review. This
test is superior to other heterogeneity tests because it allows
cross-sectional heterogeneity with large sample periods and

TABLE 4 | Unit root testing (49).

Variables Intercept and trend

I(0) I(1)

MI −1.801 −3.828***

MC −1.450 −3.291***

GHG −1.819 −3.756***

GDP −1.223 −2.882**

RQ −1.944 −3.791***

GHG −1.991 −3.990***

HC −2.421 −2.802***

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%. I(0) is for level, and

I(1) is for the first difference.

TABLE 5 | Cointegration results (Pedroni).

Statistics Value

Model 1

Modified Phillips-Perron t 2.4302***

Phillips-Perron t −2.0311**

Augmented Dickey-Fuller t −2.5298***

Model 2

Modified Phillips-Perron t 2.5562***

Phillips-Perron t −2.4631***

Augmented Dickey-Fuller t −2.1752**

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

TABLE 6 | Cointegration results (Kao).

Statistics Value

Model 1

Modified Dickey-Fuller t −4.7081***

Dickey-Fuller t −2.3708***

Augmented Dickey-Fuller t −2.9419***

Unadjusted modified Dickey-Fuller t −4.7207***

Unadjusted Dickey-Fuller t −2.3741***

Model 2

Modified Dickey-Fuller t 1.5645*

Dickey-Fuller t 1.5749*

Augmented Dickey-Fuller t 0.5466

Unadjusted modified Dickey-Fuller t 1.5568*

Unadjusted Dickey-Fuller t 1.5638*

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

small cross-sections that conventional tests lack (59). The test
results in Table 2 confirm the presence of heterogeneity in
both models. The t-statistic values are substantial with a 1%
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TABLE 7 | Estimates of quantile regression Model 1.

Dep. Var.: MI Quantiles Model 1

Q0.25 Q0.50 Q0.75 Q0.90

GHG 0.794

[1.411]

1.989

[2.138]

1.965**

[0.852]

0.819

[0.509]

GDP −2.433

[1.749]

−2.214

[2.652]

−1.989*

[1.056]

−0.635

[0.631]

RQ 30.255***

[5.752]

6.044

[8.721]

3.352

[3.474]

1.143

[2.074]

GHG −1.255***

[0.436]

−0.141

[0.661]

0.475*

[0.263]

0.272*

[0.157]

HC −1.259

[1.253]

−0.728

[1.900]

−0.799

[0.757]

−1.242***

[0.452]

Constant 2.477

[25.353]

25.204

[38.439]

24.402

[15.311]

8.711

[9.143]

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

TABLE 8 | Estimates of quantile regression Model 2.

Dep. Var.: MC Quantiles Model 2

Q0.25 Q0.50 Q0.75 Q0.90

GHG 5.083**

[2.448]

4.379

[2.907]

2.906*

[1.751]

2.562***

[0.555]

GDP −6.399**

[3.036]

−5.008

[3.605]

−2.214

[2.172]

−2.120***

[0.687]

RQ 32.001***

[9.984]

26.877**

[11.856]

2.247

[7.142]

6.951***

[2.262]

GHG −2.500***

[0.756]

−1.722*

[0.898]

0.435

[0.541]

0.306*

[0.171]

HC 1.929

[2.175]

−1.144

[2.583]

−0.671

[1.556]

−0.461

[0.493]

Constant 54.032

[44.008]

41.861

[52.257]

30.183

[31.477]

23.482

[9.968]

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

level of significance. This rejects the null hypothesis indicating
correlation in both econometric models. These findings lead to
the analysis of the cross-sectional dependence of the variables.

Usually, the panel data is subjected to cross-sectional
dependence where every unit affects each of them in distinct
ways (60). The results of the cross-sectional dependence of
the variables are displayed in Table 3. The test statistics show
cross-sectional dependence between the research variables,
thereby rejecting the null hypothesis. All variables are cross-
sectionally significant with positive coefficient values at a 1%
significance level except regulatory quality, which has a negative
coefficient. The positive significance of variables depicts the
relative correlation of variables, which implies that malarial shock
tends to spread across countries (emerging).

Unit Root Test
The unit root determines the stationarity among the variables
of the research. Before moving toward cointegration analysis,
the unit root is necessary as a pre-test for cointegration or

TABLE 9 | Dumitrescu-Hurlin panel causality.

H0 WaldStats Zstats p−value

Model 1

GHG–MI 11.6358* 1.75726 0.0789

MI–GHG 5.4221 −0.18020 0.8570

GDP–MI 6.77505 0.24166 0.8090

MI– GDP 8.49786 0.77884 0.4361

RQ–MI 3.77864 −0.69263 0.4885

MI–RQ 6.96942 0.30227 0.7624

GHE–MI 10.8832 1.52261 0.1279

MI–GHE 17.8688*** 3.70074 0.0002

HC–MI 14.1354** 2.53665 0.0112

MI–HC 78.5401*** 22.6184 0.0000

Model 2

GHG–MC 5.12617** 2.45383 0.0141

MC–GHG 1.87940 −0.46859 0.6394

GDP–MC 5.81539*** 3.07420 0.0021

MC–GDP 2.86836 0.42158 0.6733

RQ–MC 3.25872 0.77294 0.4396

MC–RQ 2.54951 0.13457 0.8929

GHE–MC 8.11470*** 5.14382 3.E-07

MC–GHE 2.34953 −0.04543 0.9638

HC–MC 8.26770*** 5.28153 1.E-07

MC–HC 9.60504*** 6.48528 9.E-11

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

regression analysis. The root is equal to one in the null
hypothesis and termed as unit root (61). Due to the presence
of cross-sectional dependence, simple (conventional) unit root
tests become ineffective and give biased and spurious results;
therefore, the Pesaran (49) unit root is applied for cross-sectional
panel data analysis. Pesaran’s (49) root test gives reliable and
stable cross-sectional results, using cross-sectional Augmented
Dickey fuller test statistics. The outcomes are displayed inTable 4
of the article. The results describe that all variables are statistically
significant at the first difference I(1) with negative values. The
higher negative values indicate the stronger existence of the
unit root and rejection of the null hypothesis. Gross-domestic
product is statistically significant with a negative unit root at first
difference with 5% level of significance while all other variables
are significant at 1% level of significance.

Cointegration Tests
Tables 5, 6 show the Pedroni Cointegration and Kao
cointegration results for both econometric models. Barbieri
(62) stated that these cointegration tests are applied to extend
the unit root approach to a multivariate approach. These
two cointegration tests are extensions of non-parametric
Phillip-Pearson statistics (Pedroni) and parametric Augmented
Dickey-Fuller statistics (Kao).
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FIGURE 1 | Graphical representation of quantiles for Model 1.

Pedroni extended his procedure of panel cointegration
and presented residual-based cointegration tests from 1995
to 2004 with no cointegration null hypothesis under seven
different types of tests in which they pool the information
concerning the presence of cointegration relationships (52).
The statistics include Modified Phillips-Perron, Phillips-Perron,
and Augmented Dickey-Fuller. These statistics include complete
heterogeneity dynamics and cointegration relationships across
panels. The statistic values of Pedroni tests are significant, with
1 and 5% levels of significance signifying the rejection of the
null hypothesis (no cointegration). The outcomes from Table 5

confirm the presence of cointegration in both Models (1 and 2)
in the long-run association of variables.

Table 6 shows the cointegration outcomes for Panel Kao
cointegration tests. These also have the null hypothesis of
no cointegration and are called residual-based cointegration
tests. These are Augmented Dickey fuller and Dickey-fuller
tests, in which the Dickey fuller tests are robust despite the
presence of (long-run) parameters (62). The statistics include
Modified Dickey-Fuller, Dickey-Fuller, Augmented Dickey-
Fuller, Unadjusted modified Dickey-Fuller, and Unadjusted
Dickey-Fuller. The Model 1 results of Kao cointegration depict
the existence of cointegration with a 1% level of significance,
rejecting the null hypothesis of no integration. The secondModel
also has significant values at 0.10 level except for the Augmented
Dickey-fuller statistics. The overall Kao cointegration results for
both models portray the presence of cointegration. This implies
the existence of a long-run relationship among Greenhouse
gas emissions, Gross domestic product, Regulatory quality,
Government health expenditures, and Human capital.

Quantile Regressions
Quantile regressions are extensions of ordinary linear
regressions; however, they are usually used when the conditions

of linearity are not satisfied and the distribution of residuals
is non-normal. These regression analyses were proposed by
(53). These regressions are robust toward outliers and give the
conditional distributions the finest and most complete picture.
The points of distribution are referred to as Quantiles of data.
Generally, they are applied either to screen the irregular growth
or to examine the determinants of the dependent variable. For
instance, in the present study, Quantile regression is applied to
explore the role of the explanatory variables for Malaria control
or Malaria spread as the dependent variable. Model 1 is used as
Malaria incidence (MI), while in Model 2, it is utilized as Malaria
cases reported (MC). The outcomes of Model 1 and Model 2
are displayed in Tables 7, 8 below. Figures 1, 2 represent the
graphical representation of Quantiles of econometric Models (1
and 2). The graphs of each variable demonstrate the non-linear
association between the study’s variables.

Table 7 shows the estimates of Quantile regressions for Model
1. The greenhouse gas emissions are significant at the 3rd quantile
(Q 0.75) with a 5% significance level. A positive coefficient
indicates that increasing GHG emissions has an increasing effect
on the dependent variable (MI). Gross domestic product is
statistically significant with a 0.10 level of significance at the 3rd
quantile. Regulatory quality is significant at 1st quantile with
a 0.01 level of significance. Government health expenditures
are significant at 1st (Q 0.25), 3rd (Q 0.75), and 4th (Q
0.90) quantiles indicating the significant influence on Malaria
incidences. Whereas, Human capital shows significance at the
4th quantile (Q 0.90) with a 1% significance level. The overall
results describe that the role of GHG, GDP, RQ, GHE, and HC
on Malaria spread is significant in Model 1. Regulatory quality
as a proxy of government efficiency and GHG shows a positive
impact on the occurrence of Malaria increase. GDP, GHE, and
HC are negatively related to Malaria incidences. An increase in
these variables will lessen the occurrence of Malaria.
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FIGURE 2 | Graphical representation of quantiles for Model 2.

For Model 2, the Quantile regression estimates are presented
in Table 8. In this Model, Reported Malaria cases (MC) are the
dependent variable. Regulatory quality and government health
expenses are statistically significant at 1st (Q 0.25), 2nd (Q
0.50), and 4th (Q 0.90) quantiles. Gross domestic product and
greenhouse gas emissions are statistically significant at 1st (Q
0.25) and 4th (0.90) quantiles even though GHG emissions are
also significant at 3rd quantile positively. The inclusive estimates
demonstrate that greenhouse gas emissions and regulatory
quality are positively associated with Malaria cases reported
signifying that an increase in these variables has a significant
and proportional impact on the malaria cases hype. Even though
the gross domestic product and government health expenditure
negatively influence the dependent variable, indicating a negative
and inverse association. Government health expenses affect the
Malaria cases and vice versa.

Dumitrescu-Hurlin Panel Causality
Dumitrescu-Hurlin panel causality is an innovative Granger
causality test for panel data analysis. This causality test allows
apprehending the slope heterogeneity of the variables. There are
10 pairs of variables in each econometric model for causality
analysis. The panel findings of Dumitrescu-Hurlin causality are
displayed in Table 9 of this sub-section of the article. The p-
values andWald tests stats forModel 1 indicate that the following
pairs GHG–MI, MI–GHE, HC–MI, and MI–HC is significant
and reject the null hypothesis that there is no variation or
Granger Causality between the slope of these variables. The
values are significant at 0.01, 0.05, and 0.10 levels of significance.
This implies that GHG granger causes Malaria incidences
and Malaria incidences cause government health expenditures.
Human capital and Malaria incidences cause granger causality to
each other indicative of bi-directional causality. An increase in

malaria incidences affects the human capital, and human capital
influences the occurrence of Malaria in emerging countries.
The causality findings of the second econometric Model (Model
2) demonstrate that the succeeding pairs GHG–MC, GDP–
MC, GHE–MC, HC–MC, and MC–HC have shown significant
results signifying the Granger causality among the variables. This
suggests that GHG causes Malaria cases rise, GDP impacts the
cases of Malaria, and government health expenses influence the
Malaria cases. At the same time, the other pairs have not rejected
the null hypothesis.

The general findings of panel causality reveal a role of
greenhouse gas emissions in spreading or causing an increase
in Malaria incidence of cases in the emerging economies.
Government health expenses play a significant role in managing
infectious diseases. In contrast, it also suggests that the rise of an
infectious disease leads to an increase in health expenses of the
country (40, 44).

Discussion of Findings
The findings conclude that greenhouse gas emissions and health
expenditure are cointegrated in the panel. The heterogeneity
and cross-sectional dependence tests demonstrated correlation
among the variables. The panel unit root and cointegration
analysis confirmed the presence of a long-run relationship. The
quantile regressions reported that a significant increase in GHG
emissions increases health issues and expenditures on health
significantly. Several studies in the literature have stressed that
carbon and GHG emissions affect human health and increase
health expenditures (30, 39). Effective institutions and policy
implementation, together with efficient governments, have a
significant and positive influence on improving the health of
people (42). The empirical results of the research were consistent
with several studies such as (30, 32, 40, 63). These studies
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examined that environmental degradation and carbon emissions
have harmful impacts on individuals’ health, leading to an
increase in government health expenditure. However, the health
expenses were different in different countries but significant
in all countries. The authors justified that the negative effect
of emissions is due to increased productivity and economic
activity and the consumption of non-renewable energy that
causes the increasing rate of GHG emissions in the country (64).
Moreover, increased consumption of carbon emissions degrades
the quality of the environment causing infectious diseases to
rise. Increasing utilization of non-renewable energy leads to an
increase in greenhouse gas and carbon emissions, which increases
the country’s health expenditure. One interpretation of the
present findings is that poor health infrastructure and a low level
of GDP have a substantial influence on rising cases of infectious
disease. Poor economy means low per capita income; people will
find it difficult to purchase medicines or food for procurement
that harms their health, leading to high mortality and morbidity
rates and Malarial spread rise, especially in poor economies.

CONCLUSIONS AND POLICY
IMPLICATION

To conclude, the increase in greenhouse emissions has
increased the Malaria spread across the emerging economies.
Notably, this research introduces the role of greenhouse
gas emissions, government health expenses, and institutional
quality over the spread of Malaria or Malaria control. To
examine this, cross-sectional panel cointegration tests and
quantile regressions with Dumitrescu-Hurlin Panel Causality
tests are applied. The findings of the extant study are quite
similar to empirical findings of (30, 32, 40, 43, 44). They
emphasized carbon emissions and institutions influence the
expenditures of health. However, the present findings indicate
that increasing greenhouse emissions have a significant impact
on Malaria cases reported and Malaria incidents in the case of
emerging economies. The study aims to analyze whether the
health expenses, institutional quality, and greenhouse emissions
influence Malaria spread in the emerging seven economies, i.e.,
Brazil, Russia, India, China, Mexico, Indonesia, and Turkey.
For this, the study shelters the gap with two econometric
models. The first Model utilizes Malaria incidents as a dependent
variable, while the second Model (extension and modification
of the first Model) utilizes Malaria cases reported as the
response variable.

The precise findings of panel causality tests and quantile
regressions reveal the role of greenhouse gas emissions in
spreading or causing an increase in Malaria incidence or
cases in the emerging economies. The government health
expense increases with the increase of Malaria. The value of
GDP has a negative association with disease spread (cases
or incidences). The comprehensive results express that an
increase in health expenses is not the only answer for health
quality enhancement and disease control. Government and

their institutions, NGOs, foreign investment in health projects,
awareness programs at the national and international level,
and efficient regulatory environmental laws with effective
implementation of respective policies can help in reducing
the harmful impacts of climate change. The increase in
GHG increases health expenses. Additionally, the provision
of long-lasting health drugs for malaria control, funds by
international organizations to reduce carbon consumption, and
educational and awareness programs for infectious disease
control combined with preventive measures can help plummet
the spread of the diseases and mortality rates in Malaria in
emerging economies.

The empirical findings suggest that policymakers must take
effective measures to enhance the quality of the environment
that mitigate GHG emissions and disease control. First, the
governments and international organizations fund those areas
or countries where there are high cases of Malaria and
make health-sustaining reforms for improving the quality of
health and Malaria reduction. Provision of health services
to people. Additionally, the expenses must be subsidized or
provide free health facilities, especially for Malaria eradication.
Second, limit the carbon emissions by transmitting non-
renewable energy to renewable energy sources. Immediate and
effective action and implementation of transmission programs
must be held for environmental and health sustainability.
The warming of the earth’s temperature due to climate
variability creates greenhouse gases that lead to several infectious
diseases. The world is potentially facing adverse impacts on
human lives. Government, public institutions, and efficient
regulatory environmental laws can help reduce the adverse
climatic effects.

Limitation of the Study
Last, of all, the constraint of the study can be expanded for
future research. The current study focuses on analyzing the panel
quantile regressions to determine the long-run impact of each
explanatory variable on human health at four quantiles in the case
of emerging economies. Therefore, further research can analyze
the influence in other countries especially poor economies with
the inclusion of other research variables to determine the impact
more deeply. Additionally, the role of urbanization, economic
expansion, economic complexity, and private-public investment
in the energy sector can be utilized for future research purposes.
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Innovation has been a major growing driver of sustainability. The topic addressed in this

study is a much-required transition to environmental and social sustainability considering

the role of innovation in pacing up those changes. Digital evolution has greatly helped

in dealing with climatic changes and promoting sustainability. This has helped the

entrepreneurial organizations to adopt innovative approaches to tackle the inflexible

challenges. Few developed and developing countries are at the forefront regarding

technological innovation that encounter significant challenges in terms of innovation

and adoption of new technologies and there is still a study vacuum as to whether the

influence of technical innovation on achieving social and environmental sustainability

differs depending on the stage of sustainability. This quantitative study has explored

these effects collecting data from the SME’s (small and medium enterprises). The

findings of the study show that attitude toward technological innovation has a strong

role to play in organizational innovation, digital entrepreneurship, environmental and

social sustainability. Organizational innovation has been found a strongmediator between

technological innovation and sustainability while digital entrepreneurship could not find

significant results as mediator. This study will be useful for the countries and organizations

involved in adopting new technologies considering their organization’s role in achieving

an overall eco-friendly and social sustainability.

Keywords: economic sustainability, social sustainability, digital entrepreneurship, organizational innovation,

attitudes, technological innovation

INTRODUCTION

Economic development has long been a focus of economic strategies, but it is only in the
last few decades that sustainability has risen to the center of economic discourse and acquired
substantial significance. Environmental conservation and social inclusion have made inroads
into modern economics in recent times. Economic development cannot be sustained without
social equality and environmental sustainability, it has become more obvious. Environmental
sustainability is the route to the world we desire for everybody, stated former UN Secretary-General
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Ban Ki-moon. It provides a framework for achieving economic
development, social fairness, environmental responsibility,
and improved governance (1, 2). Economic, social, and
environmental sustainability all fall under the umbrella of
sustainable development (3, 4). Due to resource restrictions,
conflicts between social, economic, and/or sustainable
environmental objectives sometimes in between develops.
However, according to modified neoclassical growth theories, in
order to provide economic stability for future generations, it is
critical to accomplish sustainability. Current policies, increased
employment, and technological dissemination are all critical for
sustainability performance.

Over time, environmental sustainability has become
increasingly important. It instills a sense of resource scarcity
and the importance of limiting environmental damage. It
refers to decisions that will have an impact on all living
things, environmental assets, and the environment (5). As a
consequence, resource allocation must prioritize environmental
sustainability. Biophysical boundaries, time dimension,
social and moral systems, as well as uncertainties regarding
technological advances and human wellbeing, must all be
considered in future. Because some parts of harm to the natural
ecosystem are permanent, achieving this goal is critical. Recent
research suggests that environmental conservation, as well as
human resources may be necessary preconditions for long-term
economic success (6). Government, wealth inequality, property
ownership, social inclusion, and empowering women are just a
few of the elements that have a significant impact on a country’s
environmental sustainability.

It is often assumed that when people’s fundamental
requirements are met, they develop a desire to preserve the
ecosystem. However, natural resources may have already been
harmed at that point; consequently, it is critical that emerging
countries recognize the need of environmental conservation
(7). Environmental deterioration affects the whole planet,
providing a health threat to many countries. As a result, it
is critical to give it equal weight. With escalating levels of
dynamic disaster risk coming from social polarization, rapidly
rising poverty levels, urban conflict and violence, extremism,
natural disasters, and climate change. Today’s primary concerns
are framed within the social context. These issues have an
impact on planning and practices, prompting a reconsideration
and reworking of present planning methodologies in order
to address this terrible societal situation (8, 9). To establish
strategies of sustainable development, it is widely agreed that
a triad model, in which the ecological is intertwined with the
economic and social, is essential. This three-pillar approach of
sustainability has progressed significantly in terms of developing
each part separately. According to the researchers, no definitive
explanation of the link between the triad’s pieces, or how they
should be examined and evaluated, has been developed (10, 11).

Despite the fact that gaining this knowledge has profoundly
impacted the sustainable discourse, one part of it, namely
social sustainability, still lacks a cohesive, unambiguous, and
usable definition (12). The flaws are usually attributed to social
scientists, who are chastised for being conceptually ambiguous
and inconsistent, resulting in a plethora of notions (13, 14).

Furthermore, researchers discovered that the selection of social
sustainability indicators is typically based on a practical grasp of
plausibility and current political goals rather than theory. Every
day, new technologies and ideas are developed and implemented
across the world. Various organizations such as enterprises,
universities, and research institutions, perform research and
projects on a constant and relentless basis. As a result, a wide
range of innovations are created, each with a different amount
of originality, inventiveness, and knowledge. Any activity might
result in a new discovery that advances scientific knowledge or
the development of new technologies and breakthroughs.

Economic growth and its relevance in both emerging and
developed countries may be explained by these accomplishments.
Introducing new technology, without a question, elicits some
opposition from the general people. Organizations and
businesses alike find it difficult to accept dramatic changes that
may affect their everyday lives or productivity (15–17). Adoption
of new and unexpected technology advancements tends to
produce self-consciousness inside organizations or businesses,
resulting in a variety of attitudes (18, 19). Recognizing these
distinctions can shed light on the important variables in
technological innovation adaptation, as well as aid distinguish
those factors for effective adoption procedures. Furthermore,
these attitudes will result in varied degrees of technology
acceptability in enterprises. Technological innovation is often
related with science, method, or knowledge, and it focuses on the
design and execution of something greater than what currently
exists (20, 21). In recent years, technological innovation has
become an essential component of scientific study due to its
potential influence on the economics, community, and climate
(22, 23). Improved organizational productivity will eventually
result in more effective and efficient production, meeting the
requirements of well-developed enterprises (24).

Organizational involvement with technology innovation has
improved in the present knowledge-based sector (25). Owing to
marketing, globalization, and shorter product cycles, competition
in the industry is expanding. Several studies have looked at the
obstacles and possibilities that come with adopting innovative
technologies aimed at businesses and organizations, both of
which have been examined at three levels: community, society,
and lifestyles satisfaction (26). The findings provide incentive for
businesses to create new management technology and processes.
Despite first from apparent value of technical innovation, several
studies show that it can also lead to uncontrolled growth.
These elements have a significant impact on the ecosystem,
causing environmental and socioeconomic issues. Enhanced
resource consumption has a negative impact on the environment,
whereas a shortage of such supplies has a negative impact on
organizational performance, particularly in processes (26–28).

Natural resource depletion, pollutants, and environmental
deterioration have changed the present flow of technological
innovation and prompted the development of sustainable
alternatives (3, 6). Organizations are urged to design,
manufacture, and produce products and services that are both
valued and sustainable in order to counteract environmental
degradation; clients and consumers want such options in today’s
competitive global market (29). Technological innovation and
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organizational innovation plays a role in defining international
performance of SMEs. The study focused on independent
relationship of both of SMEs performance (30).

Despite the widespread interest in the role of technology
innovation in supporting a sustainable society, the extant
literature contains several theoretical and methodological
limitations. Theoretically, scholars have focused on the
weaker question, namely, whether technological innovation is
compatible with the pillars of sustainability or not? Instead of
looking at whether technological innovation is compatible with
the pillars of sustainability, they have only considered the impact
of technological innovation on each dimension apart from
sustainability, rather than combining the two. Consequently,
there is still a significant gap in technical innovation’s potential
to accomplish social and environmental sustainability in an
integrated framework. Because a small number of developed
and developing countries are at the forefront of technological
innovation, many developing countries, particularly the least
developed, geographically isolated, and tiny island developing
states, tend to encounter significant challenges in terms of
innovation and adoption of new technologies.

The independent variables of organizational innovation and
technological innovation showed significant results toward
SMEs performance (30), but left an open ended gap for
exploration of the mediating relationship of these variables
in achieving social and environmental sustainability regarding
SMEs. This study based on the gap analyzed the mediating role
of organizational innovation between technological innovation
and socio-environmental sustainability. Digital entrepreneurship
provides a platform for innovation to many entrepreneurial
activities, it was identified that there could be a significant
role of digital entrepreneurship in mediating the technological
innovation for achieving sustainability (31). Moreover, no
such research was found in past to determine the role of
technological innovation in SMEs of China for achieving the
social and environmental sustainability. To address these gaps
and limitations due to empirical studies of specific regions, this
research was designed with the following objectives.

1. To determine the role of attitude toward
technological innovation on achieving social and
environmental sustainability.

2. To evaluate the effects of mediation role between
organizational innovation and digital entrepreneurship.

REVIEW OF LITERATURE AND
HYPOTHESES DEVELOPMENT

This research was based on identifying different technological
innovation for achieving social and environmental sustainability.
The effects of attitude toward technological innovation to
achieve social and environmental sustainability were analyzed.
Moreover, mediating roles of organizational innovation and
digital entrepreneurship were also evaluated in this model (see
Figure 1). This model is based on some theories of sustainability
elaborated below.

Diffusion of Innovation Theory
One of the earliest social science ideas is E.M. Rogers’ Diffusion
of Innovation (DOI) Theory, which he created in 1962. It was
first used in marketing to describe how such an industry develops
traction and disperses (or travels) through a population or social
system over time. The eventual effect of this dissemination
is that individuals embrace a new concept, habit, or product
as part of a social structure. Adoption entails someone doing
something unique from what they formerly did (purchase or
use the new product, acquire and perform a new behavior, etc.).
Adoption depends on the perception of the concept, behavior,
or commodity as novel or unique. Diffusion is conceivable as
a result of this (22). Diffusion, according to Rogers, is the
process through which an invention is disseminated among the
members in a social system over time. The spread of innovations
hypotheses has a wide range of sources that span different fields
(32). Numerous researchers have incorporated broad diffusion
theories of technological innovation based on Rogers’ theory to
adopt and diffuse an innovation technology in higher education
institutions at both the macro and micro levels.

Rogers’ theory has been frequently employed in this respect
to explain why the acquisition and spread of innovation differs
among societies. Diffusion, as per Rogers, is “the process
by which an invention gets disseminated through particular
channels among the members of a social system over time,”
where the “innovation” might be anything that the adopters
perceive as novel. It is the most often cited theory in the
subject of innovation dissemination, and it is comprised of four
key factors of spread: invention, channels of communication,
timing, and the social structure (23). Many investigations,
hypotheses, and models in the subject of diffusion have been
based on this principle. Rogers’ idea has been utilized in a
number of researches to explain why some people absorb
technology innovation while others do not. In this regard,
Rogers claims that everyone follows a normal distribution
when it comes to technology adoption and diffusion. This
suggests that there is a bias toward the necessity to disseminate
technology without taking into account the repercussions
of doing so (33).

Furthermore, when an invention fails, the early adopters
are sometimes blamed instead of other aspects in the diffusion
process, such as the social structure in which they operate or
the qualities of the technology they utilize. Rogers claims that it
is an example of individual blame bias since technical progress
has a “propensity to agree with agents of change who advocate
innovations rather than the audience of prospective adopters.”
Personal adopters as participants in a social system, according to
Rogers, need not to accept an invention in the same way. Change
initiatives are focused on quick adoption and dissemination
in order to get instant outcomes without contemplating the
ramifications on the social structure. Rogers’ social system has
three basic keywords or concepts: adaptability with technology,
and tech enthusiasts (34). So, this theory provided basis for
technological innovation (35, 36), which leads to organizational
innovation and aid in achieving sustainability (37, 38), social
or environmental.
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FIGURE 1 | Conceptual model.

Relationship of Attitude Toward
Technological Innovation With
Socio-Environmental Sustainability and
Mediators
Attitudes may be developed internally and/or persuaded with

enough effort and time (39). Attitudes as a judgment process

influenced by emotional, opinions, and actions, which they
referred to as internal attitudes (40). Theme of the story is

sometimes referred to as an internal attitude since it involves
personal gains for personal ideas (41). Externally, persuasion

based on credibility, sympathy, and logic will refine and impose

arguments on people’s attitudes, affecting their moral duty (42).
In addition to the antecedents, external influences such as eco-

centrism and altruism are thought to impact attitudes (43). Those

working on sustainability studies have a diverse range of views
on technology. People range from those who see innovation
efficiency gains as the feature to bring up sustainability issues
to those who see them as the root of the problem; increasing
absolute resource consumption through rebound effects and
speeding up the disruption of natural ecosystem cycles by
introducing ever more alien substances. There are countless and
at first glance perplexing permutations and combinations of
attitudes in between these two situations (44).

Translating information into economic activity is what
innovation is all about. It is a multi-source activity of discovering,
understanding, and using new technologies and processes. This is

a key driving force of economic and performance improvement
and, as a result, of higher living standards (45). Since the 1820’s,
when Joseph Schumpeter first proposed the notion of innovation,
the performance of technology innovation, the separation of
innovation stages, the characteristics of technology innovation,
as well as its role have received a lot of attention. The link among
innovation and location has become a major focus of economic
growth research in the last two decades. SMEs will confront harsh
competitiveness from local and international enterprises in their
traditional home markets, as well as in their export industries, as
a result of increased globalization and different rules of the WTO
framework. In order to establish core competencies in industry,
technology is essential. Technology innovation is seen as a means
of boosting an economic growth of the country. SMEs are the
driving factor behind technological advancement (45).

Organizational innovation explains the application of new
and/or improved ideas and processes within the company’s
workplace, including such marketing and management systems
to cost savings and create value for the company and other
external stakeholders, whereas technological innovation deals
with the introduction of new products and processes directly
for clients or customers (46, 47). The existing research usually
treats technical and organizational innovation as two distinct
factors that influence organizational effectiveness. It is less
clear, however, how SMEs might profit from the synergy of
these two innovative capacities during internationalization.
Using a combination of technology and organizational advances
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to learn more about the dynamics of the foreign markets in
which they operate provides a learning platform for businesses.
Technological and organizational innovation work in tandem to
help SMEs in emerging economies improve their international
performance (30). This suggested a possible relationship between
technological innovation and organizational innovation.
Several other relationships in this regard between attitudes
toward technological innovation, digital entrepreneurship
and socio-environmental sustainability could have been
developed as suggested by (48, 49). So, we developed the
following hypotheses.

H1: Attitude toward technological innovation has an effect on
organizational innovation.
H2: Attitude toward technological innovation has an effect on
social sustainability.
H3: Attitude toward technological innovation has an effect on
environmental sustainability.
H4: Attitude toward technological innovation has an effect on
digital entrepreneurship.

Relationship Between Organizational
Innovation and Socio Environmental
Sustainability
Organizational innovation is sometimes referred to as
administrative or management innovation, and it may be
defined as “how managers do what they do.” Researchers defined
administrative innovation as “new ideas for the recruitment
of people, the distribution of resources, and the structure of
duties, authority, and incentives,” as opposed to “technological
innovation (50, 51).” Changes in organizational structures,
changes in people’s behaviors and attitudes, and new rules, roles,
and processes are all examples of organizational innovation
(52). Some people think of organizational innovation as a
result of product innovation, while others think of it as a
process. Researchers have associated the foregoing viewpoints by
suggesting that innovation should be characterized in terms of
both goods and processes, as well as the integration of processes
and outcomes (53, 54).

Others argue that in the past, the emphasis was only on
“technical innovation” in goods, procedures, and technology.
Some argue that management innovation should be included
in the notion of organizational innovation. The notion of
organizational innovation has become more wider in recent
years (55). Yet, much of the available research divides it into
only two categories: management and technological innovation
(which includes processes, strategies, organizations, strategies,
and operations). A few studies have been conducted in past
to analyze the relationship of organizational innovation with
environmental sustainability and found significant relationship
between the both such as (56). This suggested a possible
relationship in different perspectives as well. The mediating role
of organizational innovation has also been studied in many
contexts such as (57), in which partial mediation was found
between strategic agility and firm performance.

Another study analyzed the mediating impact of
organizational innovation between change oriented leadership

and the performance of the organizations by (58). The study
concluded that university performance was directly facilitated by
the organizational innovation. Another evidence was found for
its mediating role toward organizational performance with the
entrepreneurial leadership by (59). The results were significant
and proved its role as a mediator between these aspects. Although
there is not much evidence on mediating role of organizational
innovation between technological innovation and the social
and environmental sustainability, but these previous findings
suggested a probable role of being mediator between such
relationships. Hence, we formulated the following hypotheses
in achieving social and environmental sustainability in SMEs
of China.

H5: Organizational innovation has an effect on
social sustainability.
H6: Organizational innovation has an effect on
environmental sustainability.
H9: Organizational innovation mediates the relationship
of attitude toward technological innovation and
social sustainability.
H10: Organizational innovation mediates the relationship
of attitude toward technological innovation and
environmental sustainability.

Relationship Between Digital
Entrepreneurship and Socio Environmental
Sustainability
Governments, companies, and organizations are adopting or
increasing their usage of digital technology such as cloud
technology, machine learning, 3d printers, and edge technology
(60). Digital opportunities relate to new opportunities for action
in respect to a given user or usage environment that may be used
by entities such as entrepreneurs due to the distinctive qualities
of digital technology (61, 62). The journey of digitalization
results in innovative institutional mechanisms, introducing
unique values, practices, and institutions that change the game’s
existing norms and challenge current logic configurations (63).
Generally recognized and configurable digital components, like
as ERP (enterprise resource planning) systems, or standard-
setting digital infrastructures that coordinate the interaction of
players, such as product portals and blockchain technology, are
examples of these setups. Importantly, these powerful digital
developments have an impact on business structures. Scholars
contend that the technological affordances that come with
digital infrastructures and modules expand the alternatives
for generating, delivering, and collecting value and create
new paths for doing so (63, 64). Economic transformation
results in radically new company models that require certain
organizational capacities to be achieved successfully (65). Digital
technologies potentially use their own but nevertheless growing
logic which exists alongside with and affects the perception and
execution of previous interpretations by bringing new behaviors,
attitudes, and systems (66).

Digitization develops all around notions of connectedness,
accessibility, availability, access, adaptability, and inheritability
(62, 67). As digital entrepreneurship is relatively newer
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dimension in achieving sustainability of the organizations
socially and environmentally, it has great scope for tackling
the climate change and social setups problems. Innovative
responses to apparently intractable societal concerns have
been implemented by digital technology in entrepreneurial
enterprises as suggested by (68). These issues pertain to digital
sustainability in general. It presents a research agenda that creates
unique concerns for entrepreneurship, marketing strategies,
and environments, as well as new ways of thinking about
trust and institutional logics, by concentrating on the digital
toolset used by pioneering businesses. Digital entrepreneurship
has also been studies as a mediator between organizational
structures in recent past (69). It suggested its role of being
mediator in our concept of achieving socio-environmental
sustainability by utilizing the technological innovations. More
of the research has generally focused on mediating roles of
digital technologies for digital entrepreneurship instead of
evaluating digital entrepreneurship as mediators. Based on
the above discussion and probable relationships of digital
entrepreneurship, we suggest the following hypotheses.

H7: Digital entrepreneurship has an effect on
social sustainability.
H8: Digital entrepreneurship has an effect on
environmental sustainability.
H11: Digital entrepreneurship mediates the relationship
of attitude toward technological innovation and
social sustainability.
H12: Digital entrepreneurship mediates the relationship
of attitude toward technological innovation and
environmental sustainability.

METHODOLOGY

In this quantitative study, the owners of small and medium
enterprises (SMEs) situated in China had participated in this
study were approached in the duration of 2 months of November
and December 2021. It was a deductive approach following a
post-positivism philosophy of research measuring the effect of
independent variables on dependent variable. A convenience
sampling was used as the respondents were approached as per the
researcher’s feasibility considering a large number of SMEs, also
this is most commonly used sampling technique (70). The total
number of usable questionnaires returned from 400 distributed
questionnaires was 314 making a response rate of 78.5%. The
received questionnaires were filtered for the missing data or
outliers. All the items representing variables of the study were
measured on a five-point Likert scale.

Instrument Development
The instrument used in the present study for data collection
was questionnaire survey. Questionnaire used in this study was
consist of 36 items in total which were divided into six sections.
The first section of the questionnaire indicated the options for
the demography of the respondents and rest of the five sections
addressed the independent, mediating and dependent variables
of the study. It included age, gender, education and the age

TABLE 1 | Demographics analysis.

Demographics Frequency Percentage

Gender

Male 165 52.54%

Female 149 47.45%

Age

15–20 15 4.77%

21–25 64 20.38%

26–30 92 29.29%

31 and above 143 45.54%

Education

Bachelors 52 17.19%

Masters 230 73.24%

Ph.D. and others 32 10.19%

Age of organization (years)

1–5 132 42.03%

6–10 86 27.38%

>11 96 30.57%

of their organization. The second section of the questionnaire
included the scale of attitude toward technological innovation
which had 10 items adapted from (71). The second section had
the mediating variable of organizational innovation consisting of
6-item taken from (72). The second mediating variable of digital
entrepreneurship was adapted from (73) which consisted of 10
items. The dependent variables of environmental sustainability
mentioned in the fifth and sixth sections, respectively had five
items each that were adapted from (74).

Demographics Details
First, the data of demography of the respondents was analyzed
with frequency and percentage. The responses for gender were
categorized into males and females. Out of the total respondents,
165 were male and 149 were females. As for age, the highest
number of respondents were age of 31 years and above followed
by the category 26–30 year age (92 respondents) and category
21–25 year age (64 respondents). The responses showed that 32
respondents had Ph.D degree or other diplomas while highest
number of respondents had master’s degree (230 respondents)
followed by bachelors degree (52 respondents). The highest
number of SME’s had been operation for <5 years (132
respondents), 96 owners of SME’s had been working for 11 or
more years. The details are given in the Table 1.

DATA ANALYSIS AND RESULTS

Smart-PLS version 3 has been used for the analysis of the data
based on the partial least square structural equation modeling
(PLS-SEM). In this software, the data analysis is done through
measurement model estimation and structural model estimation.
In measurement model, reliability and validity of the data
obtained are checked using the tests Heterotrait monotrait
(HTMT) ratio, Fornell and Larcker criteria, average variance
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FIGURE 2 | Output of measurement model. ATI, Attitude toward technological innovation; OI, Organizational innovation; DE, Digital entrepreneurship; ES,

Environmental sustainability; SS, Social sustainability.

extracted (AVE), Cronbach alpha and composite reliabilities. In
structural model, the data is run for the rejection or acceptance
of the hypotheses. The statistics used in this regard are t-
statistics, p-values.

Measurement Model
The algorithm obtained from the measurement mode is
presented in Figure 2.

Results of factor loadings, AVE, Composite and Cronbach
alpha reliabilities have been mentioned in the Table 2. All the
values of the factor loadings are above 0.60 which is the threshold
and reliabilities are above 0.7 that is the cut off value (75). The
minimum value of the study obtained for reliabilities is 0.918.
AVE is ideally supposed to be more than 0.5, and all the values
in this study were reported above the threshold.

The discriminant validity of the data for the present study has
been checked with HTMT ratio and Formell and Larcker criteria.
The Table 3 shows the results for HTMT ratio. The acceptance
criteria for HTMT ratio is that all the values present in the grid

should be <0.85 (76). The highest value obtained for this grid
is 0.817 which is below the threshold. Similarly, the other test
used is the Fornell and Larcker criteria. The acceptance criteria
for Fornell and Larcker criteria are that the top most value in
each column should be the highest. The available table for results
shows that this criteria is met in Table 4.

Additionally, the r-square values for the social sustainability
variable have been found the highest 63% followed by
environmental sustainability 61%. Digital entrepreneurship has
explained the model fit 40% while organizational innovation has
shown the r-square values of 34%.

Structural Model
The hypotheses of the study are accepted or rejected based on
the results obtained from structural model in Smart-PLS. The
acceptance criteria of the hypotheses are based on the t-statistics
and p-values. The output for the structural model estimation has
been given in the Figure 3.
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TABLE 2 | Factor loadings, AVE and reliabilities.

Variables Factor Loadings Cronbach

alpha

Composite

reliability

AVE

Attitude toward ti1 0.827 0.940 0.949 0.651

technological innovation ti10 0.836

ti2 0.849

ti3 0.821

ti4 0.841

ti5 0.772

ti6 0.759

ti7 0.646

ti8 0.852

ti9 0.842

Digital entrepreneurship de1 0.741 0.920 0.932 0.579

de10 0.846

de2 0.851

de3 0.823

de4 0.751

de5 0.719

de6 0.722

de7 0.737

de8 0.695

de9 0.700

Environmental sustainability es1 0.837 0.913 0.935 0.743

es2 0.910

es3 0.798

es4 0.822

es5 0.935

Organizational innovation oi1 0.917 0.924 0.942 0.734

oi2 0.857

oi3 0.894

oi4 0.906

oi5 0.894

oi6 0.639

Social sustainability ss1 0.883 0.918 0.939 0.755

ss2 0.898

ss3 0.874

ss4 0.893

ss5 0.793

The results for the direct relationships of the study have
been given in the Table 5. All the hypotheses of the study have
been set for acceptance at p < 0.05. There are total eight direct
relationships of the study; of which seven have been accepted
and H7 regarding the effect of digital entrepreneurship on social
sustainability has been rejected while rest of the variables have
shown significant effects and t-statistics.

The first hypotheses (H1) regarding the effect of attitude
toward technological innovation has been accepted (β = 0.58,
t-statistics = 11.86, p < 0.001). The second hypotheses (H2:
attitude toward technological innovation has an effect on social
sustainability; β = 0. 50, t-statistics = 8.029, p < 0.001) and
third hypotheses (H3: attitude toward technological innovation

TABLE 3 | Fronell and Larcker criteria.

ATI DE ES OI SS

ATI 0.807

DE 0.639 0.761

ES 0.763 0.588 0.862

OI 0.584 0.432 0.551 0.857

SS 0.727 0.479 0.602 0.684 0.869

ATI, Attitude toward technological innovation; OI, Organizational innovation; DE, Digital

entrepreneurship; ES, Environmental sustainability; SS, Social sustainability.

TABLE 4 | HTMT ratio.

ATI DE ES OI SS

ATI

DE 0.650

ES 0.817 0.601

OI 0.626 0.444 0.591

SS 0.776 0.488 0.649 0.743

ATI, Attitude toward technological innovation; OI, Organizational innovation; DE, Digital

entrepreneurship; ES, Environmental sustainability; SS, Social sustainability.

has an effect on environmental sustainability; β = 0.57, t-
statistics = 9.109, p < 0.001) also showed significant results. The
fourth hypotheses (H4) regarding the direct effect of attitude
toward technological innovation has also been accepted (β =
0.63, t-statistics = 16.44, p < 0.001). The direct effect of
organizational innovation has also been found significant on
social sustainability (H5: organizational innovation has an effect
on social sustainability; β = 0.39, t-statistics = 5.66, p < 0.001)
and environmental sustainability (H6: organizational innovation
has an effect on environmental sustainability; β= 0.14, t-statistics
= 2.75, p < 0.05) have also been approved. Similarly, digital
entrepreneurship could find significant effect on environmental
sustainability (β = 0.39, t-statistics= 5.66, p < 0.005).

There are total four indirect or mediating effects measured
in this study. The two hypotheses for the mediating role
of organizational innovation have been approved i.e.,
H9: organizational innovation mediates the relationship of
attitude toward technological innovation and environmental
sustainability (β = 0.08, t-statistics = 2.42, p < 0.05) and H10:
organizational innovation mediates the relationship of attitude
toward technological innovation and social sustainability (β =
0.23, t-statistics = 5.66, p < 0.001) have been approved with
significant results. The first mediation of digital entrepreneurship
regarding environmental sustainability has been approved (β =
0.10, t-statistics = 3.13, p < 0.05) while the other mediation has
been rejected based on the results obtained. The indirect effects
of the variables have been reported in Table 6.

DISCUSSION

This innovative research in the field of technological innovation
provides as excellent platform for digital entrepreneurs of SMEs
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FIGURE 3 | Output of structural model. ATI, Attitude toward technological innovation; OI, Organizational innovation; DE, Digital entrepreneurship; ES, Environmental

sustainability; SS, Social sustainability.

of China and also provides useful insights about organizational
activities to the digital entrepreneurs worldwide to achieve social
and environmental sustainability goals. This research was divided
in to two segments of evaluation. In first part direct relationships
of organizational processes were analyzed and in the other part
indirect or mediated relationships were analyzed. The results
showed some interesting facts and proved the vitality of this
research model. Attitudes toward technology and innovative
technology play an important role in adoption for technologies
for innovative businesses. In this case of SMEs in China, they also
had a lot to offer as technology innovation is seen as a means
of boosting an economic growth of the country. SMEs are the
driving factor behind technological advancement (45). The first
hypotheses was about effects of attitude toward technological
innovation with organizational innovation which was significant.

A lot of researchers in the past have studied the both as
one unit considering technological innovation an integral part
of organizational innovation but many of them oppose the

connection between them and consider them totally apart
from each other (51, 55, 56). Not even a single research
analyzed the impact or effects of one on another. The results
of our study would provide a connecting link between the
both for future researchers. The second hypotheses was
about effects of attitude toward technological innovation
on social sustainability. The results showed significant
effects of the former on the later one. This indicated that
behavioral modification for attaining a specific attitude toward
technological innovation could produce positive impact
on doing the entrepreneurship leading to achieving social
sustainability which is considered as management of social
setup conducive for performing the entrepreneurship. The
previous researches didn’t identify the direct role of attitude
toward technological innovation with social sustainability. The
third and fourth hypotheses were about the effects of attitude
toward technological innovation and digital entrepreneurship
and environmental sustainability.
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TABLE 5 | The direct effects of the variable.

Paths H O M SD T-Statistic P-value Results

ATI → OI H1 0.584 0.588 0.049 11.860 0.000*** Accepted

ATI → SS H2 0.504 0.506 0.063 8.029 0.000*** Accepted

ATI → ES H3 0.578 0.574 0.063 9.109 0.000*** Accepted

ATI → DE H4 0.639 0.642 0.039 16.448 0.000*** Accepted

OI → SS H5 0.394 0.390 0.070 5.665 0.000*** Accepted

OI → ES H6 0.147 0.152 0.053 2.758 0.006* Accepted

DE → SS H7 −0.013 −0.008 0.039 0.321 0.749 Rejected

DE → ES H8 0.158 0.156 0.047 3.325 0.001** Accepted

p*** < 0.001, p** < 0.005, p* < 0.05, H, Hypotheses; O, Original Sample; M,

Sample Mean; SD, Standard Deviation; ATI, Attitude toward technological innovation; OI,

Organizational innovation; DE, Digital entrepreneurship; ES, Environmental sustainability;

SS, Social sustainability.

TABLE 6 | The indirect effects of the variable.

Paths H O M SD T-Statistic P-value Results

ATI -> OI -> ES H9 0.086 0.090 0.035 2.423 0.016* Accepted

ATI -> OI -> SS H10 0.230 0.228 0.041 5.633 0.000** Accepted

ATI -> DE -> ES H11 0.101 0.100 0.032 3.134 0.002** Accepted

ATI -> DE -> SS H12 −0.008 −0.005 0.025 0.320 0.749 Rejected

p** < 0.005, p* < 0.05, H, Hypotheses; O, Original Sample; M, Sample

Mean; SD, Standard Deviation; ATI, Attitude toward technological innovation; OI,

Organizational innovation; DE, Digital entrepreneurship; ES, Environmental sustainability;

SS, Social sustainability.

These hypotheses were also accepted and produced significant
results. This indicated a direct relationship of attitudes toward
technological innovation with all these four variables. The
possible reasoning is confined to the development of attitudes
for certain things which is a behavioral process and a lot of
researchers of the past have focused on this aspect as well
where attitudes play important roles in developing a sense
of innovation. These relationships were not analyzed before
but several other relationships in this regard between attitudes
toward technological innovations, digital entrepreneurship and
socio-environmental sustainability were developed in this study
as suggested by (48, 49). This research would yield positive
contribution while devising the relationship of these processes.

The fifth and sixth hypotheses were about the direct
relationships of organizational innovation with social
sustainability and environmental sustainability. These
hypotheses yielded significant results and proved a direct
and strong relationship to achieve the sustainability. These
kind of relationships in different perspectives were also studied
before in which impact of organizational innovation was studied
on achieving sustainable development as both these kinds of
sustainability are the components of sustainable development
(60, 61). This could be the nature of organizational innovation
as organizational innovation provide sustainable measures
for achieving sustainability in the organizations like SMEs.
The seventh and eighth hypotheses were about the direct
relationship of digital entrepreneurship with social sustainability

and the environmental sustainability. The results of seventh
hypotheses were non-significant and significant for the eight
hypotheses, indicating a strong relationship with environmental
sustainability and no relationship with social sustainability.

As digital entrepreneurship is relatively newer dimension
in achieving sustainability of the organizations socially and
environmentally, it has great scope for tackling the climate
change and social setups problems. Innovative responses to
apparently intractable societal concerns have been implemented
by digital technology in entrepreneurial enterprises as suggested
by (68). Digital entrepreneurship was not directly studied for
both components of sustainability before but our study indicates
that impact of digital entrepreneurship would be bifacial
in making environment more sustainable while performing
organizational processes in SMEs of China. The indirect
relationship of digital entrepreneurship with other processes
were suggested by (69). Based on these suggestion, mediating role
of digital entrepreneurship was studied in this research.

The mediating roles of digital entrepreneurship yielded
mixed results as digital entrepreneurship did not have direct
relation with social sustainability mentioned previously, it
also did not have any mediation between attitude toward
technological innovation and social sustainability. Although,
direct relationship between the both was significant indicating
no need of mediation for achieving social sustainability but
the mediating link of digital entrepreneurship suggested by
(69), was significant between attitude toward technological
innovation and environmental sustainability. The direct
relationship was also significant and proved the authenticity of
digital entrepreneurship in achieving environmental friendly
sustainability of the organizations as, digital entrepreneurship
contribute very less pollution to the environment in comparison
to existing organizational setups not utilizing digital means on
mass level.

The mediating roles of organizational innovation were
also studied in this research which provided full mediation
between attitude toward technological innovation and the
social and environmental sustainability. The mediating role
of organizational innovation were also studied before in past
by (62–64). The outcomes of these researchers indicated that
organizational innovations for achieving sustainability in the
organizations was significant for providing an indirect approach
for achieving the goals. Our research also found significant
results in terms of organizational innovation as it would enhance
the impact of attitude toward technological innovation toward
achieving social and environmental sustainability of SMEs.

THEORETICAL IMPLICATIONS

Many research studies have been conducted in the past that
have considered the technological and organizational innovation
as overlapping concepts, however, it had been opposed by few
researchers as suggested by (50, 51). No research in the past had
analyzed the impact of these two variables on one another. The
results in this study provide a link between these two variables.
Secondly, the effect of attitude toward technological innovation
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on digital entrepreneurship and environmental sustainability
confine the development of attitudes for certain things which are
the behavioral aspect, and a lot of researchers have focused on this
aspect as well, where attitudes play important roles in developing
a sense of innovation. However, these specific relationships
were not analyzed before. Hence, in this regard this study has
attempted to measure the relationships between attitudes toward
technological innovations, digital entrepreneurship, and socio-
environmental sustainability.

LIMITATIONS AND FUTURE DIRECTIONS

Despite novelty of the study, there have been few limitations
in the study. First of all, the owners of the SME’s have been
taken as population samples; however, this study should be
generalized considering the view of employees working in
organizations to get neutral and unbiased responses regarding
these variables. Secondly, measurement of attitude toward
organizational innovation is a new concept as these had been
considered overlapping the past researchers, therefore, further
validation is required in future if these are mutually exclusive
processes as suggested by present study. Third, the major
component of the sustainability is missing in this study, future
studies should focus on the proposition if economic sustainability
is also affected by the predicting variables used in this study.
Furthermore, the moderating roles of organizational climate,
brand equity, job satisfaction and self-efficacy are missing that
can be checked in the future studies.

CONCLUSION

A number of co-existing phenomenological perspectives have
a distinctive characterization on how to cope with the
sustainable development, ecological and climatic changes and
creating socio-ecological changes. In this study, the lens

of attitude toward technological innovation has been added
focusing on the entrepreneurial and organizational innovative
perspectives to attain environmental and social sustainability.
The study has shown interesting results from the data obtained
from the owners of SMEs in China. The data obtained
from the respondents had been screened for validity and
reliability of data then the hypotheses were tested using
Smart-PLS structural equation modeling (SEM). The results
had been interesting showing attitude toward technological
innovation has found strong positive effects on organizational
innovation, digital entrepreneurship, social and environmental
sustainability. Individually, organizational innovation had been
a strong mediator and predictor of social and environmental
sustainability while digital entrepreneurship could not find
significant results.
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In the last few decades, the world has faced some natural issues, due to which

economic growth faces a severe threat. Natural disasters like pandemic outbreaks and

man-made disasters like pollution emissions are very frequent in the current times, which

also influenced the economic growth, where the institutes could play a primary role

in economic growth stimulation. This study aims to analyze the association of public

health expenditures, institutional quality, renewable energy, and economic performance

in China. This study uses quarterly data covering the period from 1996Q1 to 2020Q4

and employs various time-series estimating approaches. The Augmented Dickey-Fuller

estimates asserted that all the variables are stationary at first difference. Also, the

Bayer-Hanck combined cointegration validates that all the variables are cointegrated.

Employing the three long-run estimators, i.e., Fully Modified Ordinary Least Square,

Dynamic Ordinary Least Square, and canonical cointegrating regression, the results

asserted public health expenditures and institutional quality (including government

efficiency and political stability) significantly enhances economic performance in China.

Whereas two indicators of corruption control and regulatory quality do not play any

significant role in promoting the economic performance of China. On the contrary,

renewable energy is found negatively associated with economic performance. Also,

the Pair-wise Granger causality validates mixed causal associations between the study

variables. As a developing and fossil energy-dependent economy, this study provides

relevant policy implications for maintaining economic growth and rebalancing economic

performance in China.

Keywords: economic performance, public health expenditure, institutional quality, renewable energy, China
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HIGHLIGHTS

- The nexus of public health, renewables, and economic
performance is analyzed.

- Quarterly data for China is utilized from 1996Q1 to 2020Q4.
- All the variables are found in the long-run

equilibrium relationship.
- Health expenditures and institutional quality enhance

economic performance.
- Renewable energy use adversely affects economic performance

in the country.

INTRODUCTION

The COVID-19 Pandemic outburst has raised many concerns
about the influence of public health and epidemics on real
economies. Public health is largely the discipline and art of how
society aims to enhance health. Having good health is a number
one asset of a strong nation, and it is a productive investment
than consumption expenditure (1). In a report, Boyce and Brown
(2) elaborated that the health sector is required for the stable and
smooth functioning of the economy. Health systems in a country
have a constructive impact on the economy’s performance. It
plays a necessary role in driving comprehensive and sustainable
development. The well being of citizens contributes to social
and economic prosperity that is important in the economy’s
long-term productivity. According to Wilkie and Young (3),
a healthy population is a crucial driver of labor productivity,
capital investment, and consistent economic growth. Besides,
the definitive goal of economic policy is to enhance the health
and well being of its people. Gross domestic product per
capita or GDP per capita, a measure of well being, increases
when the physical accumulation, technological improvements,
and proportion of labor efficiency increases. The proportional
correlation between income and health depicts that healthy
populations have higher productivity and laborers are robust
physically and mentally. They will have more incentives to
invest in their education and skill development that benefits
the economy wholly. They tend to save more, leading to an
increase in the investment ratio. A healthy and educated labor
force attracts foreign direct investment (4). Additionally, health
isn’t just related to the well being of nationals but also an
investment that enhances the chances of future productivity. A
healthy labor force works more proficiently, positively impacting
economic performance (1). The economy’s growth eliminates
many issues, and good public health plays a considerable role in
this economic growth.

Public health has been recognized as an important
determinant of development with an economic return. At
the same time, green growth is a necessary strategy for
the sustainable development of a country. According to
International Renewable Energy Agency (5), renewable energy
or green energy is advantageous in improving the well being
of humans and the country’s Gross domestic product. The
analysts suggest that increasing usage of renewable energy
will reduce the fossil fuel demand in the future and increase
capital-intensive renewables resulting in a positive impact on the

gross domestic product (globally). Increasing industrialization
has created many concerns environmentally and economically.
Due to this reason, countries’ health expenditure has risen,
which has a significant influence on economic growth. Khan (6)
determined that increasing renewable green energies reduces
carbon and greenhouse gas emissions, leaving an encouraging
image. Moreover, researchers of Harvard University claim that
green energies and technology helps in reducing the human
impact on climate change. Efficient energy and renewable energy
consumption can improve the climate change concerns and
public health (7). In the case of China, the government has made
progress where people’s standard of living and nutrition status
has enhanced. The three geographical regions have different
economic growth levels. And economic growth has a significant
impact on the public’s health (8). Further, China has grown its
GDP forty times than in the 90s. It is expected that China will
strengthen its ambitions and targets toward green energies and
technology as it was featured in the past months (9). However,
the Chinese public health expenditure shows fluctuations and
is lower than the developed economies. There is a dire need for
an efficient public health care system for the economy’s proper
functioning that helps improve the GDP (10).

The authors emphasize two models in this research study.
The first model explains that the domestic health expenses,
government effectiveness, renewable energy consumption, and
regulatory quality influence the Chinese economy’s Gross
domestic product or GDP. The second model enlightens the
effect of domestic health expenses, corruption control, renewable
energy consumption, and political stability on the economy’s
Gross domestic product (GDP). Studies like (11–13) elaborated
on the impact of governance, renewable energy consumption,
political stability, and government effectiveness on economic
growth and performance of the economy. An efficient form of
government enhances economic growth and improves market
efficiency. Likewise, political stability significantly enhances
economic growth, enabling them to make durable and reliable
economic policies for its progress.

GDP impacts the health of the economy, yet the focus of
this article is on the reverse that there is a substantial impact of
health on the performance of GDP. However, this study aims
to contribute to the literature in the following ways. First, its
main objective is to analyze the domestic health expenses (in
two different models) for GDP in the case of China. Health
is a necessary factor for sustainability, growth, and economic
development, and previously it was not extensively analyzed in
the studies. Instead, these studies focused on the environment,
energy, and economic growth sides. Healthy people are efficient
and are more productive for economic development (1).
Therefore, the present research covers the gap by examining
the public health influence on economic performance. The
explanatory factors like government efficiency, political stability,
and corruption control represent the role of governance in
China, while renewable energy consumption is used for green
energies to examine the impact of public health on GDP. This
is well thought-out input in the literature. Second, Institutional
quality variables have never been identified in prior literature for
examining the association between public health and economic

Frontiers in Public Health | www.frontiersin.org 2 March 2022 | Volume 10 | Article 864736194

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Huang et al. Public Health and Economic Performance

performance. This research is the pioneer in investigating the
role of governance by taking institutional variables in analyzing
public health’s influence on the economy of China. China has
become an active global leader in renewable energy production,
and soon it will lead to deployment and investment in renewable
energy internationally (14). This novel research will help analyze
the effect of renewable energy, governance, and public health
expenses on economic growth at the same time.

Now comes the organization of the article. The second section
is about a brief review of literature related to the research where
the association of public health and economic performance is
discussed; section Data and Methodology is about data and
methodology; section Results and Discussion deals with the
results; and lastly, section Conclusion and Policy Implications is
about conclusions and policy implications.

LITERATURE REVIEW

This segment is about reviewing the literature related to the
research study.

Relationship Between Public Health and
Economic Performance
To elaborate on the relationship between health and economic
performance, it is necessary to understand the meaning of health.
Health is not just the absence of illness; it is the ability of
the people to develop their potential because it impacts the
growth of the economy in several ways. Corresponding to human
capital, health affects labor productivity and production (15).
Health unswervingly impacts the level of productivity. As Barro
(16) stated, given the labor working hours, physical capital, and
experience, an enhancement in healthcare might increase labor
productivity. It will also lower the mortality rates and diseases
that directly impact the growth and development of the economy.
The healthier the labor, the more efficient they will perform,
directly proportional to economic prosperity. According to
Bloom and Canning (1), health is the investment that increases
the future productivity of individuals and the economy. The
mechanism by which health affects the workers’ productivity
leads toward the growth of the economy of any country. The
healthmarket is superior, and the provision of health facilities can
only be made by government intervention. In the case of China
from the year 2000 to 2017, the authors analyzed that economic
growth has a significant impact on the health of the public (8).
They used a panel threshold regression model that depicts that
public health enhances after the exceeded threshold level. There
is heterogeneity in different regions due to different regional
economic development. Likewise, individuals in good health are
efficient economically. The more one is healthier, the more there
will be saving rates. In their article, Bhargava et al. (17) examined
the determinants of economic growth. The model depicted that
life expectancy as a health indicator has significant effects on low-
income economies generally because of nutrition level, diseases,
and other factors like health infrastructure that affect health.
Moreover, in the 1990’s the public health experts and policy
analysts recognized the correlation between macroeconomic

indicators and health in the world bank development report
(18). They emphasized that government can help enhance the
health of the people of the country and prevent diseases that
are obligatory for economic development. Investing in health has
not only welfare effects but also boosts economic performance.
Healthier people have higher efficiency as it directly contributes
to labor productivity. It is commonly said that the growth of the
economy alleviates many issues. When countries become rich,
they acquire the resources to clothe, feed, and health facilities
for their people. Therefore, health influences the performance
of the economy positively, which is necessary for prosperity
and poverty alleviation (1). Similarly, Strittmatter and Sunde
(19) recommended that public health care facilities have a
significant impact on the dynamics of health. Additionally, their
outcomes suggested that this has a positive effect on aggregate
national income. In a research study, Wu et al. (20) examined
the measurement of health impact on economic growth in
Asian regions. They used the quantile-on-quantile estimation
technique to measure the health quantiles’ influence on quantiles
of growth of the economies. The findings were consistent with the
literature that healthcare’s positive and negative effects repeatedly
occur when growth rises in the countries.

Governance and Green Energies Affect the
Performance of the Economy
For the sustainable development of a country, green growth
is an exceptional strategy. In their article, Hussain et al. (21)
investigated the impact of green technology and the environment
on the gross domestic product (GDP) of the countries from
the year 2000 to 2020. Their findings suggest that green
technology has a substantial effect on green growth. High
GDP economies must manage their economic activities to
upsurge green growth for environmental protection. According
to International Renewable Energy Agency (5), renewable
energy or green energy is beneficial in improving the well
being of humans and citizens’ welfare beyond the GDP
(welfare is another best alternative to GDP). The scholars
found that utilizing low-carbon energy projects lessens the
carbon emissions and scaling up these projects can further
decrease the cost competitiveness (IRENA). The investment
in renewable energy technologies will significantly impact the
environment. Abolhosseini et al. (22) investigated that green
technologies are vital for reducing environmental emissions.
Qin et al. (23), Qin et al. (24) green energies help in limiting
carbon emissions and China is increasing renewable electricity
usage for achieving 2030 climate goals. Whereas, the authors
discovered that GDP growth increases carbon dioxide emissions.
Financial sustainability or higher GDP depends on energy usage
because the economy’s growth increases the energy level. Green
technologies have ecological advantages and economic and social
benefits alongside. Miśkiewicz (25), in their empirical findings,
confirmed that the new green technologies increase the efficiency
of energy and enhance the productivity of the economy. They
applied the bibliometric analysis and Granger causality tests for
estimation. The findings suggest that the government should play
an important role in investing in green technologies to better
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the environment and economy. Moreover, the debates on the
environmental Kuznets Curve highlighted that pollution could
be controlled by the role of government and renewable energy
consumption. The hypothesis states that there is a dynamic
association between the economy’s growth and environmental
quality. Environmental governance has become important in
achieving the green deal goals for sustainability. Simionescu et al.
(26), in their research of European countries from the year 2006
to 2019, depict that corruption control, a proxy of governance
effectiveness, in the long run, plays a vital role in enhancing
environmental sustainability. Shahzad et al. (27) suggested
that the role of government and institutional quality helps in
achieving environmental and developmental sustainability.

The Chinese government plays a priority role in renewable
energy investment. According to the Centre for strategic and
international studies (CSIS), China has ambitious goals in
the future for renewable energy to lead the world in the
deployment and investment in the renewable energy sector (14).
The empirical study in the case of China from the year 2000
to 2017 illustrates that the economic growth in the country
has a considerable influence on the health of the public. They
studied different regions, and the results were distinct due to
their heterogeneity. Beside the extended literature, the summary
of the literature review is provided in Table 1.

DATA AND METHODOLOGY

Data and Model Specifications
Following the prior literature and the study’s objectives, this
study uses seven variables. The focus variable is economic
performance and captured by gross domestic product (GDP)
since GDP measures the economy’s health by considering
production, consumption, investment, and expenditures, among
others. Besides, the literature widely used GDP as an appropriate
representative of economic performance (28, 29). Thus, this
study also proxied economic performance via GDP following
these studies. On the other hand, this study used public health—
captured by public health expenditures (HE). The quality of
health could be better assessed via expenditures on health, where
better health quality could enhance economic performance.
In order to stabilize economic growth and performance,
most of the developing economies rely on fossil fuel energy
consumption, which further fuels environmental degradation
(30, 31). However, scholars claimed that using renewable energy
could help rebalance economic growth and environmental
quality (32, 33). Therefore, this study uses renewable energy
consumption (REC) as an explanatory variable to analyze its
impact on economic performance.

Moreover, the governance or institutional quality could play
a substantial role in maintaining economic performance due
to rule and policies implications. In this sense, the current
study also aims to investigate the impact of institutional
or governance quality, which could be represented via four
indicators, i.e., government effectiveness (GEF), regulatory
quality (RQ), corruption control (CRC), and political stability
and violence control (PSV). Quarterly data for all the variables is

TABLE 1 | Literature summary table.

References Discoveries

Bhargava et al. (17) Depicted that life expectancy as a health

indicator has significant effects on low-income

economies

Bloom and Canning (1) Health affects the workers’ productivity leads

toward the growth

Lustig (15) Health affects labor productivity and production

Wilkie and Young (3) Gross domestic product has a substantial

impact on health outcomes

Strittmatter and Sunde (19) Public health care facilities have a significant

impact on health dynamics and aggregate

national income

Chiu (14) Economic growth in the country has a

considerable influence on the health of the

public

Khan (6) Increasing renewable green energies reduce

carbon and greenhouse gas emissions

Miśkiewicz (25) Pollution can be controlled by the role of

government and renewable energy

consumption

Sahlian et al. (12) An efficient form of government enhances

economic growth and improves market

efficiency

Wu et al. (20) Consistent with the literature that healthcare’s

positive and negative effects repeatedly occur

due to growth variability in the countries

Shahzad et al. (27) Government helps in attaining economic and

environmental stability

Qin et al. (23, 24) Green energies play a significant role in

mitigating environmental pollution i.e., carbon

and GHG emissions

Niu et al. (8) Economic growth has a significant impact on

the public’s health

Hussain et al. (21) Green technology and energy have a

substantial effect on green growth. High GDP

economies manage their economic activities to

upsurge green growth for environmental

protection

obtained for China, covering the period from 1996Q1 to 2020Q4.
Variables specifications and data sources are provided in Table 2.

Following Niu et al. (8) and Hussain et al. (21), this study
constructed the following two models:

Model 1

GDPt = f (HEt ,RECt ,GEFt ,RQt)

Model 2

GDPt = f (HEt ,RECt ,CRCt , PSVt)

The primary reason for taking the governance quality in two
models is to tackle the issue of model bias. Model 1 demonstrates
that GDP is the function of HE, REC, GEF and RQ, while Model
2 illustrates that GDP is the function of, HE, REC, CRC, and PSV.
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TABLE 2 | Variables specification and data source.

Variable Specification Data source

GDP The monetary value of all complete services and goods, measured in constant US$

2015.

https://databank.world-bank.org/source/world-

development-indicators

HE Domestic healthcare spending as a proportion of the economy (as measured by GDP,

i.e., % of GDP).

http://apps.who.int/nh-a/database

REC The percentage of renewable energy in total final energy use and measured as % of

total final energy consumption.

https://databank.world-bank.org/source/environ-ment-

social-and-governance-(esg)-data

GEF Measures perceptions of public services quality, the civil service’s independence from

political constraints, the policy development and execution quality, and the reliability

of the government’s commitment to such policies, measured as a percentile.

www.govindicators.org

RQ Measures public perceptions of the government’s capacity to establish and enforce

effective rules and regulations that allow and support the development of the private

sector, measured as a percentile.

www.govindicators.org

CRC Measures public perceptions of the amount to which public authority is used for

personal benefit, encompassing both grand and petty corruption and “capture” of the

state by elites and private interests, measured as a percentile.

www.govindicators.org

PSV Perceptions of the possibility of political instability and/or politically motivated

violence, including terrorism, are measured as a percentile.

www.govindicators.org

To empirically analyze the models, it should be transformed into
regression form, expressed as follows:

GDPt = α1 + α2HEt + α3RECt + α4GEFt + α5RQt

+ εt (1)

GDPt = β1 + β2HEt + β3RECt + β4CRCt + β5PSVt

+ εt (2)

The above equations reveal that GDP is economic performance,
HE is public health expenditures, REC designates renewable
energy consumption, GEF stands for government efficiency, RQ
indicates regulatory quality, CRC represents corruption control,
and PSV stands for political stability in China. Besides, α′s and
β ′s are the slopes, where α1 and β1 are the intercepts of Equation
(1) and (2), respectively. The subscript “t” indicates the time
period, while ε is the component for random error of the model.

Estimation Strategy
Descriptive Statistics

The first step to empirical investigation is to compute descriptive
statistics. Descriptive statistics helps summarize the data by
providing the mean, median, and range values, including the
minimum and maximum of each variable. Additionally, the
standard deviation is also evaluated, which indicates fluctuation
of observation from the mean value. In addition, statistics for
skewness and Kurtosis are also provided to demonstrate the
normality distribution of each variable under study.

Stationarity Testing

Following the computation of descriptive statistics for data under
examination, this research proceeds to test for stationarity or
the existence of unit root in the time variables. We used the
Augmented Dickey-Fuller (ADF) unit root test in this case.
The ADF unit root test introduced by Dickey and Fuller (34)
is efficient because it addresses the serial correlation challenge.
Since this test manages more complicated models, it is regarded
as more effective than the conventional Dickey-Fuller unit root

test. In Equation (3), the generic form of the ADF unit root test
might be given as follows:

yt = γ + φt + µyt−1 + et (3)

For analysis of the above equation, the ordinary least square
(OLS) approach could be used, expressed as follows:

1yt = (µ − 1) yt−1 + γ + θt + et (4)

Aside from the basic equation form, it is worth mentioning that
the chosen ADF unit root test comes in two varieties: with the
trend andwith the intercept. Furthermore, the null proposition of
the ADF unit root test is that the unit root exists in a time series.

Bayer-Hanck Combined Cointegration Test

After identifying the stationary or non-stationary behavior
of data, this study investigated the cointegration correlation
between different variables under consideration. In this sense,
the current study used the Bayer-Hanck combined cointegration
test, which combines the cointegration tests of Engle and
Granger (35), Johansen (36) Banerjee et al. (37), and Boswijk
(38). However, if such specifications are used independently,
the cointegration analysis may produce inconclusive findings
due to the explanatory power features of these tests (27).
As a consequence, we used the combined cointegration test
technique described by Bayer and Hanck (39) to improve
the cointegration analysis power and overcome doubtful or
ambiguous estimations. As per Shahzad et al. (27), this test
includes all preceding cointegration tests in a combined method
and offers conclusive and consistent results using Fisher F-
statistics. Furthermore, this test necessitates a distinct sequence
of integration, i.e., I(1). As a null hypothesis, the assumption
implies no cointegration between the study variables. However,
this null proposition might be rejected if the predicted values are
significant at any significance level, i.e., 1, 5, or 10%. In general,

Frontiers in Public Health | www.frontiersin.org 5 March 2022 | Volume 10 | Article 864736197

https://databank.world-bank.org/source/world-development-indicators
https://databank.world-bank.org/source/world-development-indicators
http://apps.who.int/nh-a/database
https://databank.world-bank.org/source/environ-ment-social-and-governance-(esg)-data
https://databank.world-bank.org/source/environ-ment-social-and-governance-(esg)-data
http://www.govindicators.org
http://www.govindicators.org
http://www.govindicators.org
http://www.govindicators.org
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Huang et al. Public Health and Economic Performance

the Bayer-Hanck cointegration Fisher’s standard equation is
as follows:

EG− J = −2
[

ln (PEG) + ln
(

PJ
)]

(5)

EG − J − Ba− Bo

= −2
[

ln (PEG) + ln
(

PJ
)

+ ln (PBa) + ln (PBo)
]

(6)

Where Equation (6) designates that PEG, Pj, PBa and PBo are
probability estimates for Engle and Granger (35), Johansen
(36), Banerjee et al. (37), and Boswijk (38) cointegration
tests, accordingly.

Long-Run Estimations

The long-run connection between variables has been established
using the Bayer and Hanck (39) combined cointegration
techniques. This enables the present research study to evaluate
the effects of each explanatory variable, namely HE, REC,
GEF, RQ, CRC, and PSV, on China’s economic performance.
We must employ an appropriate and impartial estimator(s)
in this sense. Hence, we applied three long-run estimation
methodologies, as suggested by Khan et al. (40). Among
these methods are Pedroni (41) dynamic ordinary least square
(DOLS), fully modified ordinary least squares (FMOLS), and
Park’s (42) Canonical Cointegrating Regression (CCR). The two
aforementioned techniques use distinct methodologies, namely
non-parametric (FMOLS) and parametric (DOLS). Since these
estimators have greater effectiveness in dealing with serial
correlation and endogeneity concerns, they are robust measures
of long-run estimates. Also, the DOLS operator effectively
estimates time series since it addresses the non-stationarity issue.
Both FMOLS and DOLS are expressed in the equation form
shown below:

∅̂ =
[

α

β̂

]

=

(

T
∑

t=2

Zt
´
Zt

)−1 ( T
∑

t=2

Zty
+
t − T

[

θ̂ +
´
12
0

])

(7)

Where Equation (7) is the standard form of FMOLS, employing

Zt =

´
(

´
Xt ,

´
Dt

)

. In studying the FMOLS approximation, the

long-run covariance matrix is essential.

yt =
´
Xtβ +

´
D1tγ1 +

r
∑

j=−q

△
´
Xt + jσ + v1t (8)

Where Equation (8) reveals the DOLS standard form, including
the expansion of cointegration regression while allowing for lags

△
´
Xt and leads due to the orthogonal error term cointegration

equation. The DOLS estimator implies that by combining the r
leads and q lags of different regression coefficients, the long-run
connection between e1t and e2t maybe detected.

As stated previously, the CCR estimating technique is
entirely a regression-based approach. However, this strategy is
economical and plays an important role in resolving the linear

regression component (43). As a result, the determination of
precise lags and lead orders is one of the most significant
challenges for the under-discussion technique. In general,
the CCR estimators might be expressed in the form of an
equation below:

yt
∗ =

´
βpqz

∗
pqt + µ∗

pqt (9)

Where both y∗t and z∗pqt . The above equation is the stationary
conversion of yt and zpqt , respectively.

Pairwise Granger Causality Test

The regression method is commonly used to depict “simple”
correlation, whereas Granger (44) claimed that causality
in economics could be assessed by measuring the means
of predicting values of one time-series given prior values
of another time-series. Nonetheless, the long-run estimators
provide important empirical results, yet these approaches are
limited in demonstrating the causal specifications between GDP
and regressors. Therefore, the current study used the Granger
causality test, which was established by Granger (44). This test
is efficient since it can be run on either I(0) or I(1) data. To assess
the null hypothesis of the stated test, which states that z does
not Granger cause x, it is necessary to determine the right lagged
values of x to incorporate in a univariate autoregressive model
of x.

xt = θ1 + θ2xt−1 + θ3xt−2 + . . . + θmxt−m + εt (10)

The autoregression is expanded by incorporating lagged values of
z, given below:

xt = θ1 + θ2xt−1 + θ3xt−2 + . . . + bpzt−p + . . .

+ bqzt−q + θmxt−m + εt (11)

The lagged values of z, which are singly significant, based on their
t-statistics, are preserved in this approach, as they cumulatively
offer the power of prediction to the regression based on the F-
test. In this case, p is the shortest lag length, and q is the longest,
such that the lagged value of z is important in the preceding
regression augmentation. If no lagged z values are preserved in
the regression, this will accept the null proposition that z does
not Granger cause x.

It is noteworthy that all the equations used in this study are
adapted from the original studies of the authors’ proposed tests,
as mentioned with each specification employed.

RESULTS AND DISCUSSION

In this section of the article, results and their elucidation are
discussed. Table 3 represents the descriptive statistics of the
variables used in the study.Table 4 shows the unit root test results
to analyze whether the outcomes are stationary or not, Table 5
is about the cointegration results Bayer-Hanck (39), Tables 6, 7
are empirical long-run estimates of the Model 1 & 2, and Table 8

shows the pairwise granger causality results of the study. Then a
summary of the discussions is briefed at the end.
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TABLE 3 | Descriptive statistics.

GDP HE REC CRC GEF PSV RQ

Mean 7.26E + 12 1.942360 18.27155 42.55504 59.12864 31.99202 44.20462

Median 6.46E + 12 1.879487 14.00580 44.78902 58.03561 30.46017 44.27178

Maximum 1.49E + 13 3.018888 30.53718 53.40818 73.23947 44.14894 50.97087

Minimum 2.01E + 12 0.967205 11.33820 33.17073 43.16940 25.59242 34.18367

Std. Dev. 4.17E + 12 0.802624 7.232003 5.861273 7.281592 4.543164 4.396306

Skewness 0.399982 0.099237 0.737315 −0.125500 0.332895 0.490237 −0.492710

Kurtosis 1.791468 1.306116 1.809698 1.642881 2.382994 2.054428 2.549348

Sum 7.26E + 14 194.2360 1827.155 4255.504 5912.864 3199.202 4420.462

Observations 100 100 100 100 100 100 100

TABLE 4 | Unit root testing.

Variables Augmented Dickey-Fuller

I(0) I(1)

GDP −1.6006 −1.8869*

HE 1.2283 −2.2454**

REC −1.5568 −4.6369***

CRC 0.1912 −1.9884**

GEF 1.7563 −2.3901**

PSV −0.0092 −4.1098***

RQ 0.2917 −4.5308***

Significance is indicated by 10, 5, and 1% through *, **, and ***. I(0) is for level, and I(1) is

for the first difference.

TABLE 5 | Bayer-Hanck cointegration analysis.

Engle-granger (EG) Johansen (J) Banerjee (Ba) Boswijk (Bo)

−1.8174 78.8175*** −0.7939 104.6554***

EG-J EG-J-Ba-Bo

55.3393*** 110.6928***

Significance is indicated by 10, 5, and 1% through *, **, and ***.

Descriptive Statistics and Unit Root Tests
As the first step of the analysis, the descriptive statistics of the
research show the average values of Gross domestic product
(GDP), Health expenditure (HE), renewable energy consumption
(REC), Corruption control (CRC), Government efficiency (GEF),
political stability (PSV), and regulatory quality (RQ). The
median, maximum, and minimum values are also made known
in the table. The median values are somehow nearby to their
average values depicting the balancing point of the data. The
standard deviation represents the volatility of the data and how
much data spread around its mean values. Skewness and Kurtosis
illustrate the normality and symmetry of the data, whether the
data is normal or not. They range from+ 2 to−2 and+ 7 to−7
for skewness and Kurtosis, respectively (45). The skewness and
values of Kurtosis of the research variables range between the

TABLE 6 | Empirical results of model-1.

Dep. Var. GDP Coefficients [Std. error]

FMOLS DOLS CCR

HE 0.339***

[0.0354]

0.314***

[0.0472]

0.339***

[0.0318]

REC −0.029***

[0.0034]

−0.032***

[0.0043]

−0.029***

[0.0032]

GEF 0.027***

[0.0028]

0.027***

[0.0029]

0.027***

[0.0025]

RQ 0.0094

[0.0032]

0.0001

[0.0033]

0.0010

[0.0030]

Constant 27.693***

[0.2219]

27.797***

[0.2537]

27.684***

[0.2279]

Significance is indicated by 10, 5, and 1% through *, **, and ***. The standard error is

provided in the brackets.

TABLE 7 | Empirical results of model-2.

Dep. Var. GDP Coefficients [Std. error]

FMOLS DOLS CCR

HE 0.521***

[0.0921]

0.513***

[0.0577]

0.522***

[0.0858]

REC −0.037***

[0.0104]

−0.036***

[0.0065]

−0.037***

[0.0098]

CRC −0.0025

[0.0064]

−0.0018

[0.0040]

−0.0022

[0.0059]

PSV 0.018***

[0.0054]

0.014***

[0.0033]

0.018***

[0.0049]

Constant 28.619***

[0.1497]

28.717***

[0.0938]

28.623***

[0.1479]

Significance is indicated by 10, 5, and 1% through *, **, and ***. The standard error is

provided in the brackets.

above-mentioned range. The overall values of the data describe
that the data is symmetrical and normally distributed.

After the descriptive analysis of the data, the stationarity tests
results of the data in the time series are shown in Table 4 of
this section below. Several financial and economic series show
trending behavior in the mean. In added words, they have unit
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TABLE 8 | Pairwise granger causality tests.

Null hypothesis F-statistics Prob

HE ; GDP 35.8618*** 4.E-08

GDP ; HE 15.0445*** 0.0002

REC ; GDP 195.256*** 7.E-25

GDP ; REC 29.1418*** 5.E-07

GEF ; GDP 22.6830*** 7.E-06

GDP ; GEF 1.26342 0.2638

RQ ; GDP 26.2672*** 2.E-06

GDP ; RQ 3.38463* 0.0689

CRC ; GDP 160.922*** 3.E-22

GDP ; CRC 7.88824*** 0.0060

PSV ; GDP 76.6741*** 7.E-14

GDP ; PSV 9.74871*** 0.0024

Significance is indicated by 10, 5, and 1% through *, **, and ***.

roots and are non-stationary in the mean values. Unit root tests
are applied to determine the first difference stationarity in time
series analysis. Usually, the non-stationary trendy data depicts
that there is some association in the long run. Additionally, the
unit root is also termed as the pre-testing test for cointegration
analysis in the econometric time-series study. They called unit
root because, in the null hypothesis, the root is equal to one
(46). The Augmented Dickey-Fuller test is applied for testing unit
root for the residuals. The test findings depict that the data is
stationarity at first difference. Renewable energy consumption,
political stability, and regulatory quality are stationary at a
one percent level of significance, health expenditure, corruption
control, government efficiency are significant at a five percent
level of significance, whereas only GDP is significant at a ten
percent level of significance. The coefficients of the first difference
are negative but statistically significant. The more the negative
value depicts a stronger unit root, the more the null hypothesis
will be rejected.

Bayer-Hanck’s Cointegration
Bayer-Hanck’s (39) cointegration analysis is used to investigate
whether the research variables are cointegrated in the long run
and infer causality. The conventional regression analysis does
not infer causation. In Table 5, the Bayer-Hanck test is applied
to determine the cointegration between the variables. Table 5
of the results discussion shows Bayer-Hanck cointegration tests
outcomes along with EG-J and EG-J-Ba-Bo. For improving the
influence of the cointegration test, the new test is based on
combining the (35) (EG), (36) (J), (37) (Ba), and (38) (Bo)
tests. The previous cointegration tests frequently reject one
while the other does not reject, thereby complicating the overall
interpretation. The traditional Bayer-Hanck cointegration was
anew projected by Bayer-Hanck (39). The new test combines
different cointegration tests for more decisive, reliable, and
robust findings. The combined EG-J value shows that we will
reject the null hypothesis at a 1 percent significance level.
The value of value EG-J-Ba-Bo shows a significant value at
1 percent, rejecting the null hypothesis. The overall statistical

findings of this new Bayer-Hanck (39) cointegration test show
that there is cointegration among the variables in the long run.
Thus, there is an influence of public health expenditure (other
explanatory variables alongside) on the economy’s performance.
Therefore, we move toward the empirical result discussion in the
succeeding tables.

Long-Run Estimates
The objective of the research is to investigate the influence
of health on the economy’s performance. The previous results
depicted that there is cointegration among the variables in the
research study. The long-run estimates in the following tables for
both models are based on three cointegration estimates, i.e., Fully
modified ordinary least squares (FMOLS), dynamic ordinary
least squares (DOLS), and canonical cointegrating regression
(CCR). These estimators perform better than other econometric
estimators. Tables 6, 7 represent the empirical outcomes of
Model 1 and Model 2.

In model 1, the coefficient values of health expenditure,
renewable energy consumption, and government efficiency are
statistically significant at a one percent level of significance.
The long-run estimates are positive and statistically significant
except for renewable energy consumption, which is negative
and statistically significant in the long run. The findings of
the first model depict that health expenses and government
efficiency positively influence the economy’s performance, i.e.,
the GDP. A percentage increase in these variables will improve
the performance of the economy. Likewise, renewable energy
consumption has a negative but significant impact in the long
run. The results are similar across the three estimators. In
model 2, the coefficients of health expenditure and political
stability positively influence the gross domestic product, i.e.,
economic performance. Renewable energy consumption has a
negative but statistically significant connection to the country’s
economic performance. Correspondingly, corruption control has
negatively related to the performance of the economy. The
outcomes are identical across all three cointegration estimates.

The findings of both models (1 & 2) show that expenditure
on public health has a positive influence on the economy’s
performance. Improved public health increases labor
productivity, and the economy will perform better. Statistically
significant impact on the dynamics of health has a positive
effect on aggregate national income, i.e., the economic growth
(19) & (20). Moreover, renewable energy confirms an inverse
impact on the economy’s performance as the results show
there is no proportional direction between renewable energy
consumption and economic growth, i.e., GDP. Several authors
have explained the asymmetrical relation between green energy
and the economy’s economic growth (47) & (48).

Pairwise Granger Causality Test
Causality is termed cause and effect between variables. The
pairwise granger causality test determines whether one variable is
predictable over the other variable in the model. In simple words,
it is applied to examine causality between two variables (variable
pair). Granger causality is not a real casual association among
variables, but it is an estimationmethod that assists in forecasting
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the other variable better (49). For instance, if any two variables
are cointegrated, then one Granger causes the other, or it can be
vice versa.

The null hypothesis of the granger causality states that there
is no Granger cause (;) between the variables. The hypothesis
is rejected when the value is less than the significant level
either it is at 1, 5, or 10% level of significance. The 12 pairs
of variables are modeled in the research for granger analysis.
Two variables (pair) are analyzed to determine their interaction.
The f-statistics and probability values of the variable pair in
Table 8 shows that the values are statistically significant, and
the null hypothesis is rejected except when GDP ; GEF. The
test findings represent that is causality among the variables in
predicting the behavior of the other variable. The findings suggest
that most of the variables pair have bi-directional Granger
causality. There is bi-directional causality between HE and
GDP, GDP and HE, REC and GDP, GDP and REC, RQ and
GDP, GDP and RQ, CRC and GDP, GDP and CRC, PSV and
GDP, & GDP and PSV. For illustration, the health expenditure
and gross domestic product have bi-directional causality. The
response in GDP occurs due to changes in health expenses, and
health expenses of the public vary due to changes in the GDP.
Likewise, a change in political stability causes a change in the
GDP of the economy and vice versa. All pairs in the model
are Granger cause except the 6th model pair GDP and GEF.
These variables have unidirectional causality that improvement
in government efficiency causes a change in the GDP while there
is no granger cause vice versa here. This means that changes
in GDP have not helped improve the government efficiency in
the country.

Summary Discussion
The descriptive statistics of the data represent that the variables
are balanced with normal distribution. At that point, determine
the stationarity of the variables by Augmented Dickey-Fuller
tests. The variables showed stationarity in the first difference.
The negative values depict that there is stronger existence
of unit root and lead to rejection of the null hypothesis.
Later, for cointegration analysis, a combination of cointegration
methods is applied for examining the association between the
variables in the long run (39). This newly proposed method
gave reliable estimates that led to the conclusion that there
is cointegration in the long run. The empirical examination
of both models showed that improved public health could
increase labor productivity, and the economy will perform
better. The long-run approximations were identical in all three
(FMOLS, DOLS & CCR) cointegration estimates. Enhancing
the public health expenses increases economic development.
The research findings showed consistent results with (19, 20,
50). At the same time, there is a negative but statistical
association between renewable energy and the economy’s
Gross domestic product. These findings were consistent with
literature as presented by Baz et al. (48), Chen et al. (51),
and (47). According to the researchers, due to the feedback
hypothesis, energy consumption has an inverse impact on
economic performance in developed economies, while due to

the conservation hypothesis, it has a negative association in
poorer economies. After the cointegration analysis, the last
step of analysis is Granger causality. The pairwise Granger
causality illustrates that public health expenditure and the role
of governance can help improve the economy’s performance.
The overall results reveal that there is an existence of
Granger cause among the variables that help predict the
other variable.

CONCLUSION AND POLICY
IMPLICATIONS

To conclude all, public health is a topic of concern for
past years. Health reforms in various cities of China have
made the country powerful in economic development (50).
This article argues whether there is the influence of public
health on economic performance and the government plays
part in achieving economic development. Theoretically, the
role of governance and green technologies are partners
in achieving economic development. The research, however,
applies cointegration and granger causality to determine this
relationship. We emphasized two models in this research
study. The first model comprises domestic health expenses,
government effectiveness, renewable energy consumption, and
regulatory quality while the second model demonstrates the
effect of domestic health expenses, corruption control, renewable
energy consumption, and political stability on the GDP of
the economy.

The findings of the research were consistent with (19, 47,
50, 51). First increasing the expenditure on public health
will help in boosting the performance of the economy.
The findings are backed by this statement. The better the
labor the more competently they will perform which is
directly proportional to economic prosperity. For the reason
that certainly, the health impacts the performance of the
economy which is essential for prosperity, and it is a priceless
asset of every nation. Second, according to the results,
renewable energy consumption and economic performance
(GDP) have an inverse relationship. The negative relationship
between them reveals that the role of renewable energy
is lesser than other factors of development. According to
researchers, the negative association occurs usually in those
countries where there is no role of institutions. Third, the
effective form of government and political stability impact
the quality and improvement in a sustainable form of
government (26).

The implications and suggestions include the public health
development in the country and green technology with
proper infrastructure sideways can be useful in achieving
the long-term green goal objectives and sustainable progress.
These cannot be attained without government intervention
with effective laws, regulations, and policies that expressively
enhance economic growth that enables to make durable
and reliable economic and environmental strategies for the
progress of the country. These results have vital significance
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in policymaking for promoting economic development
efficiently. Further, this might provide insights for academics
to apply this analysis to other countries, and different
variables and economic indicators can be used to observe
the relationship.
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The current study investigates the impact of economic growth, carbon emission,

temperature, and environmental technology on public health in GCC countries. Panel

data from 1990 to 2020 is used, and the panel unit root test is used to check the

stationarity of the data. After cointegration analysis, the ARDL estimation technique

checks the long-run and short-run association between variables. The results have

proved that economic growth enhances exposure to PM2.5 and mortality but helps in

increasing life expectancy. Likewise, carbon emission also enhances exposure to PM2.5

and mortality but improves life expectancy. As far as temperature is concerned, although

it increases the exposure to PM2.5, it also increases life expectancy. It is also found that

environmental technology enhances exposure to PM2.5. For policy implication, the study

reports that investment in research and development and modifications the energy mix

are key measures to enhance the public health in GCC countries.

Keywords: public health, sustainable environment, sustainable growth, GCC, ARDL

INTRODUCTION

Increased temperature and carbon emission are major culprits behind most health issues in Gulf
Corporation Council (GCC) countries (Bahrain, Iraq, Kuwait, Oman, Qatar, Saudi Arabia, and
the United Arab Emirates). The reason is the abundance of oil and petroleum resources used for
energy purposes in these countries. However, it has been proved that fossil fuel combustion is the
major source of carbon emission. Also, the climate of this region is inherently hot, creating a vast
majority of health-related issues. The issues due to carbon emission and a temperature range from
skin irritation to lungs problem and even mortality due to exposure to harmful gasses and extreme
temperature (1–3). GCC countries are spending a huge amount of money on health, and this can
be seen in Figure 1, showing growth in health expenditure in these countries in recent years. This
increase in expenditure can be attributed to health issues created by environmental degradation.
To curb the harmful effects of environmental issues, spending on healthcare is very high in all
countries, and environmental issues are the major reason behind this. Though, many initiatives are
taken by these countries to diversify the economy from oil to non-oil sector (4). Still it is noted
that due to global warming, the temperature in these states is expected to rise substantially in the
coming year, which will create more health issues. This situation calls instant attention to this issue
so that public health in this region can be protected in the coming future. Yet, the reasons behind
public health issues and increased healthcare expenditure in GCC are neglected in the literature.
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Examining the determinants can help to introduce possible
solutions; hence, it is essential to use empirical data and come
up with practical solutions.

Previously researchers have tried to explore the environmental
factors creating issues for public health (1–3, 5–7) and some
practical solutions are also advised based on research (8–11)
suggest that forests can play a significant role in improving public
health. They assert that harmful gasses from the atmosphere
are captured through trees, and also, forests can cool down the
environment by attracting more rains. Also, Shuai et al. (12)
found that technology and income level can play a vital role in
enhancing public health by reducing carbon emissions. Sarwar
et al. (13) and Sarwar et al. (14) have reported the nexus between
economy, environment and public health.

Although researchers provide some solutions to improve
public health, declining public health and increasing health
expenditure are still present in GCC countries. The current study
is an effort to check the determinants of public health so that
important policy implications can be advised based on results.
In this regard, there are four major contributions to this study;
firstly, it is examining the impact of sustainable economic growth
on public health in the GCC context. Economic growth can
improve or decline public health through high-income levels and
environmental degradation by the combustion of fossil fuels (15–
18). The economies of GCC countries are dependent on the oil
sector, and the abundance of oil resources makes it a major source
of energy. This makes these economies grow through oil exports,
as well to use non-renewable energy for public need which is
responsible for higher emission in GCC countries. Resultantly,
the public health degrades due to the high emission of greenhouse
gasses. It has been proved that an excessive amount of carbon
in the atmosphere destabilizes the environment, which adversely
affects human health and increases hospitalization and deaths
(19–22). Previously, few studied attempted to examine the nexus,
however, as far our limited knowledge, the study is the pioneer
which empirically investigated this nexus using GCC data.

The second contribution is exploring the association between
environmental temperature and public health in GCC countries.
It is a fact that these countries have hot climates compared
to the rest of the world. But researchers argue that extreme
weather, either hot or cold is dangerous for health (2, 6, 23).
Extremely hot temperature results in multiple health issues,
including skin diseases (2, 6, 23). However, it is still unknown
how extreme temperature in GCC countries affects the public
health. The current study takes the initiative and uses data
from GCC countries to investigate the impact of temperature on
public health.

The third contribution is filling the research gap in terms
of the effect of environmental innovation on the public health
of GCC countries. Although some researchers checked the
significance of environmental technology on human health (24,
25), empirical studies lack in terms of GCC countries. To fill this
gap, the study uses data from GCC countries and explores this
relationship. Technical advancements in the environment can
enhance health by reducing carbon emissions (26) and effectively
managing environment-related data (25). GCC countries can
also benefit from environmental technology in the reduction of

health expenditure and enhancement in public health. However,
empirical results are needed to put forward policy implications,
and the current study is a forerunner in this sense.

Hence, based on the discussion above current study has
four major objectives. First, to check the impact of economic
growth on public health in GCC countries. Second to check the
association between carbon emission and public health. Third to
check the nexus between temperature and public health. The last
objective is to investigate the importance of environment-related
technology for public health in the GCC context.

LITERATURE REVIEW

Economic Growth and Public Health
Economic growth and the public go hand in hand. When the
economy grows, it improves public health by providing better
health facilities and high income to get healthy and nutritious
food. Researchers try to explore this nexus, and in this regard
Erdogan et al. (27) used data from 25 OECD countries from 1970
to 2007. Their analysis proved that economic growth and public
health in terms of mortality rates are significantly and negatively
related. Hence, they concluded that the mortality rate reduces
when countries get rich and powerful.

Similarly, Lu et al. (28) used Chinese data from 2002 to 2014
to know if economic growth in China affects its population’s
health by reducing the mortality rate. This study shows that
although China’s economy is grown significantly, it is reducing
the mortality rate in the country. In the same line, Pakistani
data is explored by Wang et al. (22), who used data from
1995 to 2017 to investigate if the economic growth of Pakistan
is beneficial for public health in a country. Using the ARDL
approach, they found that economic growth enhances health
expenditure. Hence, overall public health enhances ultimately.
A recent study by Niu et al. (17) also found that the economic
growth of China has a significant threshold effect on public health
in China. They assert that improvement in public health is seen
after the threshold.

Carbon Emission and Public Health
Public health is also severely affected due to adverse
environments, and high carbon emission is the major factor.
Dong et al. (29) used provincial data from China from 2002 to
2017 to check if carbon emission affects public health. Their
analysis proved that the long-term health impacts of carbon
emissions are negative and that a major percentage of patients
increases due to a 1% increase in carbon emissions. Another
study by Wu et al. (30) used city-level data to explore the impact
of carbon peaking on health outcomes. They found that reducing
carbon emission is essential to improve public health. The high
amount of carbon in the atmosphere increases public health
expenditure due to higher health issues. Bi and Hansen (31)
conducted research in Australia and found that health issues
and health expenditures significantly increased because carbon
emissions are increasing in the country. In the same line, Wang
et al. (22) used Pakistani data from 1995 to 2017 and applied
ARDL to check the association. Their results prove that public
health is negatively affected due to the increased concentration

Frontiers in Public Health | www.frontiersin.org 2 March 2022 | Volume 10 | Article 887680205

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Khan et al. Sustainable Environment and Public Health

FIGURE 1 | Distribution of healthcare expenditure growths in the Gulf Cooperation Council between 2010 and 2017, by country, 2022.

of carbon in the atmosphere of Pakistan. Niu et al. (17) used
quantile regression to check the nexus between carbon emission
and public health in the Chinese context. They also assert that
due to rapid economic growth and a high amount of fossil fuel
consumption, the health of the population is severely affected
due to carbon emission. Similarly, Chen et al. (32), Liu and Guo
(33) and Zhao et al. (34) also addressed the relationship between
carbon emission and public health.

Temperature and Public Health
High temperature is also considered dangerous for health, and it
increases the mortality rate as well. Ostro et al. (6) investigated
this relationship from major countries from 1983 to 2006. They
note that elevated temperature proved to be the major cause of
deaths not only in the past but also in the future. Temperature
can increase the mortality rate due to adverse effects on health.
Also, Rauf et al. (7) used data from Pakistan to check the
impact of excessive heat on the health of residents. Their analysis
shows that heatwaves in Pakistan negatively affected the health
of the country’s residents. Another study by Campbell et al. (5)
conducted a global systematic review to check the impact of
severe temperature events on health outcomes. They found that
a high mortality rate is associated with increased temperature.
The effect of temperature is not only in terms of heat, but
cold temperature also affects health similarly. To check this
Gasparrini et al. (23) investigated data from different countries
and found that cold temperature is more dangerous for health
than hot temperature. Hence, hot or cold temperature leads
to a high mortality rate. Additionally, Yang et al. (2) tried to

explore the impact of temperature variability on different health-
related issues. They proved that temperature played a vital role in
different health outcomes and deaths due to disease.

Technology and Public Health
Countries worldwide are struggling to mitigate the negative
impacts of climate change and global warming on human
health. It is noted that technical advancements in the
environment enhance human health by reducing emissions
and temperature. Researchers are trying to explore the
significance of environment-related technology for public
health and, in this context Hussain et al. (24), tried to check
the implications of environment technology for healthcare in
multiple countries. They assert that environmental expenditures
improve public health; however, in this process, healthcare
expenditure enhances. Another study by Comess et al. (25) also
found that technical advancements in the environment improve
public health. They suggest that data gathering and analysis can
enhance the understanding of the environment externalities,
which can be used to alter the improvements in public health.
Jiang et al. (26) used data from BRICS economies to check the
effect of green technology on health outcomes in these countries.
Their results prove that life expectancy is significantly enhanced
due to green technology.

In view of the previous literature, it appears that existing
literature misses the context of GCC; some of the studies used the
world level data, some for specific country or regions. Whereas,
the nexus between sustainable economic growth, sustainable
environment and public health, for GCC countries, is missing.
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Blair et al. (35) examined the dynamics of public health in
Arab world, in theoretical perspective, instead of empirical
examination. However, the current study is an attempt to
investigate the missing gap which provide important policy
implication to curb the public health issues.

DATA AND METHODOLOGY

Data
The current study aims to check the impact of economic growth,
carbon emission, temperature, and environmental technology
on public health. The annual data for GCC countries including
Bahrain, Oman, Qatar, Kuwait, Saudi Arabia, UAE from 1990 to
2020 is used for analysis. The Organization for Economic Co-
operation and Development (OECD) is used to collect the data,
and definition along with information regarding data sources is
presented in Table 1.

The basic models of current study are as follows:
Model 1

Exposure = β0 + β1EG+ β2CO2 + β3TEMP + β4TECH + εit (1)

Model 2

DEATH = β0 + β1EG+ β2CO2 + β3TEMP + β4TECH + εit (2)

Model 3

LIFE = β0 + β1EG+ β2CO2 + β3TEMP + β4TECH + εit (3)

Where, Exposure represents the exposure to PM2.5, EG is the
economic growth. CO2 is the carbon emission from air transport
per capita (tons). TEMP and TECH are Temperature and
Environment-related technology, respectively. Death and Life
are Mortality from exposure to ambient PM2.5 (Per 1,000,000)
inhabitants and Life expectancy at birth (years).

Methodology
Cross-Sectional Dependence

The analysis of cross-sectional dependence is essential before
further analysis of panel data through the CSD test (36). There
are chances that spatial or spillover can be between countries’
panels, which results in cross-sectional dependence. The basic
assumption is the cross-sectional independence of error terms in
panels of countries. But there are chances that CSD exits between
these panels data models, and inconsistent estimation errors can
occur by ignoring this dependence (37).

Following equations is used for CSD test:CD =
√

2T
N(N−1)

(

∑N−1
i=1

∑N
j=i+1ρ ij

)

→ N(0, 1)

The null hypothesis in the CSD test is no cross-sectional
dependence. The distribution of this test is two-tailed N (0,1),
where N is∞ , and T is large.

TABLE 1 | Data source.

Variables Definition Source

Dep Var

EXPOSURE Exposure to PM2.5 OECD

DEATH Mortality from exposure to ambient PM2.5 (Per

1,000,000 inhabitants)

OECD

LIFE Life expectancy at birth (years) OECD

Indep Var

EG Real GDP OECD

CO2 CO2 emissions from air transport per capita (Tons) OECD

TEMP Annual surface temperature, change since

1951–1980 (Number)

OECD

TECH Development of environment-related technologies,

% all technologies (Percentage)

OECD

Dep Var and Indep Var stand for dependent and independent variables, respectively.

OECD is Organisation for Economic Co-operation and Development (source: https://data.

oecd.org/).

Unit Root Test

Unit root tests are essential to check the stationarity of the
data, which is essential for meaningful estimation. There are
four types of unit root tests used in literature, including Pesaran
and shin, ADF, Phillips-Perron, and LLC tests. In all these
tests, the structure of the tests is almost the same, which is
as follows:

yit = (ρi − 1) γyit−1 +
∑Pi

j=1
γijyit−j + δmidmt + Vit , m = 1, 2, 3(4)

Where:
dmt = Deterministic component, and if the value of ρ =0, Y

has unit root for individual (i). But if ρ < 0, then Y is stationary.
In Levin-Lin-(Chao) (LLC) test null hypothesis is presented

as H0 : γ = 0, whereas an alternative hypothesis is presented as
HA : γ < 0. The basic assumption in this test is the similarity of
all cross-sections.

In Pesaran and Shin test, null and alternative hypothesis takes
the following form:

H0 : γ = 0 (For all values of i)
HA : γ < 0 (for at least one i)
In this test, the ADF test is run for each cross-section. Hence,

the t-test for γ takes the below-mentioned form.

t =
1

N

N
∑

i−1

ti ∼ N (0, 1) if T → ∞ followed by N → ∞ (5)

In this equation, although T and Pi can be different for I, different
combinations of these will have different critical values.

Pedroni Cointegration

When two or more non-stationary variables have a long-run
association, it is called cointegration. Checking cointegration
is essential because it enables the researchers to know if there
is a stable long-run relationship between the variables of the

Frontiers in Public Health | www.frontiersin.org 4 March 2022 | Volume 10 | Article 887680207

https://data.oecd.org/
https://data.oecd.org/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Khan et al. Sustainable Environment and Public Health

TABLE 2 | Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

EXPOSURE 192 4.065 0.147 3.681 4.454

DEATH 192 5.859 0.220 5.163 6.371

LIFE 192 4.329 0.023 4.210 4.388

EG 192 12.570 0.848 9.806 14.285

CO2 192 7.430 0.733 4.742 8.930

TEMP 192 0.172 0.528 −3.772 0.935

TECH 192 2.734 0.374 1.502 4.320

EXPOSURE, DEATH, and LIFE represents the Exposure to PM2.5, Mortality from exposure

to ambient PM2.5 (Per 1 000 000 inhabitants) and Life expectancy at birth (years).

EG mentions the economic growth, CO2 is the carbon emission. TEMP and TECH are

representing the temperature and technology.

TABLE 3 | Correlation.

EXPOSURE DEATH LIFE EG CO2 TEMP TECH

EXPOSURE 1

DEATH −0.1633a 1

LIFE 0.3111a −0.5464a 1

EG −0.0722 0.0362 0.0086 1

CO2 0.0713 −0.3783a 0.1599a 0.0143 1

TEMP 0.2880a −0.1809a 0.5292a 0.2307a −0.0949 1

TECH 0.2345a −0.0234 0.0714 −0.1790a −0.0836 0.2247a 1

EXPOSURE, DEATH and LIFE represents the Exposure to PM2.5, Mortality from exposure

to ambient PM2.5 (Per 1 000 000 inhabitants) and Life expectancy at birth (years).

EG mentions the economic growth, CO2 is the carbon emission. TEMP and TECH are

representing the temperature and technology.
aShows the level of significance.

study. In this study, cointegration test is used where the null
hypothesis mentions the non existence of cointegration. The
following equation is used to check the cointegration:

yit = αi + δit + βixit + εit (6)

Where the value of t = 1,. . . .., T and value of I = 1,. . . .., N. T
represents the number of observations whereas N. Co-efficient
presents a number of panel members presented by βi, which can
be different for each member.

ARDL Test

Several econometric techniques can be used to check the long-
run association between variables, including fully modified OLS
regarding the univariate cointegration (38, 39) and multivariate
methodology (40, 41). Although, benefits in terms of less small
size bias and provision of more than a single cointegration
association makes Johansen approach a valid option. However,
the basic requirement for this approach is the same order of
integration for all variables.

The Autoregressive Distribution Lag (ARDL) approach
presented by Pesaran et al. (42) and Pesaran and Smith (43) is
used in this study due to its ability to solve the problems related
to the Johansen approach. There are some major advantages

of the ARDL approach against other approaches, including the
accommodation of serial correlation and endogeneity, hence
providing robust results. The same level integration for all
variables is not required, but only stationarity of variables is
enough in the ARDL method. Also, the ARDL approach can be
applied to small sample sizes, and long and short-run associations
can be estimated simultaneously through the ARDLmethod. Due
to these advantages, the ARDL approach is best to estimate the
relationships of this study.

The ARDL form of Eq (1), (2), and (3) take following form:

1Exposuret = βo + β1Exposure, t−1 + β2EGt−1

+ β3CO2t−1 + β4TEMPt−1 + β5TECHt−1

+
n

∑

k=1

γ1kExposure, t−k +
n

∑

k=0

γ2kEGt−k

+
n

∑

k=0

γ3kCO2t−k +
n

∑

k=0

γ4kTEMPt−k

+
n

∑

k=0

γ5kTECHt−k + YT (7)

DEATHt = βo + β1DEATH, t−1 + β2EGt−1 + β3CO2t−1

+ β4TEMPt−1 + β5TECHt−1

+
n

∑

k=1

γ1kExposure, t−k +
n

∑

k=0

γ2kEGt−k

+
n

∑

k=0

γ3kCO2t−k +
n

∑

k=0

γ4kTEMPt−k

+
n

∑

k=0

γ5kTECHt−k + YT (8)

LIFEt = βo + β1LIFE, t−1 + β2EGt−1 + β3CO2t−1

+ β4TEMPt−1 + β5TECHt−1

+
n

∑

k=1

γ1kExposure, t−k +
n

∑

k=0

γ2kEGt−k

+
n

∑

k=0

γ3kCO2t−k +
n

∑

k=0

γ4kTEMPt−k

+
n

∑

k=0

γ5kTECHt−k + YT (9)

Where, is the difference, YT shows error term, β0 reflects the
constant, β1, β2 to β5 represents the estimation coefficients, γ1
to γ5 used for dynamics of error correction in ARDL model.

RESULTS AND DISCUSSION

Preliminary Analysis
Tables 2, 3 presents the results of descriptive statistics and
correlation analysis. It can be noted that the highest mean value
corresponds to economic growth, whereas the lowest mean value
is for temperature. As far as the volatility is concerned, economic
growth is highly volatile, whereas life expectancy is least volatile.
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TABLE 4 | Cross-sectional dependence.

Variable CD test p-value

EXPOSURE 0.74 0.458

DEATH 1.22 0.222

LIFE 3.42 0.701

EG 0.64 0.523

CO2 0.39 0.693

TEMP 9.06 0.647

TECH 0.63 0.528

Null hypothesis is cross-sectional independence. The p-values are insignificant, confirming

that the null hypothesis is not rejected.

TABLE 5 | Unit root test.

Im-Pesaran-Shin unit-root test

Variables At level p-value A difference p-value

EXPOSURE −2.775 a 0.003 −10.034a 0.000

DEATH −2.987a 0.001 −9.077a 0.000

LIFE −4.672a 0.000 −11.345a 0.000

EG −4.359 a 0.000 −10.502a 0.000

CO2 0.563 0.713 −4.422a 0.000

TEMP −5.651a 0.000 −12.350a 0.000

TECH −8.505a 0.000 −8.437a 0.000

LLC unit root test

EXPOSURE −1.935b 0.026 −7.489a 0.000

DEATH −0.615 0.269 −5.322a 0.000

LIFE −1.095 0.137 −11.345a 0.000

EG −1.282 0.100 −4.568a 0.000

CO2 0.317 0.625 −5.579a 0.000

TEMP −2.753a 0.003 −6.857a 0.000

TECH −4.795a 0.000 −8.613a 0.000

EXPOSURE, DEATH, and LIFE represents the Exposure to PM2.5, Mortality from exposure

to ambient PM2.5 (Per 1,000,000 inhabitants) and Life expectancy at birth (years). EG

mentions the economic growth, CO2 is the carbon emission. TEMP and TECH are

representing the temperature and technology.
a,b mentions the level of significance at 1% and 5%, respectively.

The results of correlation analysis show that economic growth is
not correlated with all public health indicators. However, carbon
emission is significantly and negatively correlated with death but
significantly and positively correlated with life expectancy. In the
case of temperature, it is significantly and positively correlated
with exposure and life expectancy but significantly and negatively
correlated with death. Technology is positively correlated with
exposure only.

Cross-Sectional Analysis

There are chances that geographical interdependence exists
between the countries under analysis (44, 45). Hence, cross-
section dependence can be there. This can be due to spatial and
spillover effects besides other unobserved factors. Ignoring this
factor of interdependence can lead to biased and inconsistent
estimation; hence cross-sectional dependence test is essential.

There are different tests to check cross-section dependence,
including the LM test (46) and the scaled LM test (47). However,
this study uses the Pesaran CD test, and Table 4 presents the
results. It is evident that all values are insignificant, showing no
cross-section dependence. Hence, the null hypothesis of cross-
section independence is accepted, and the alternative hypothesis
is rejected.

Unit Root and Cointegration Analysis

The results regarding the panel unit root tests are presented in
Table 5. Two unit root tests are used, including the Im-Pesaran-
Shin unit root test and the LLC unit root test. The Im-Pesaran-
Shin unit root test shows that all variables except carbon emission
are stationary at level, but all variables are stationary at first. In
the case of the LLC unit root test, the majority of variables have
unit root at level, but at first, no unit root is present regarding
all variables. Hence, it can be said that at the first difference, all
variables in the panel series have no unit root. The integration of
variables in the panel series is I (1) order.

As all variables are stationary at a level, exploring the
cointegration between variables is necessary. Pedroni
cointegration is used in this study to check the long-run
association between variables, as followed by Sarwar et al. (48)
andWaheed et al. (49), and results are reported in Table 6. It can
be noted that six out of seven statistics are significant at a 1%
level of significance. This indicates that the null hypothesis of
no cointegration is rejected and there is a long-run relationship
between the study variables.

ARLD Estimation

Long-Run Analysis
Cointegration tests suggests that the ARDL approach is
appropriate to check the long-run and short-run association
between variables. Hence, the ARDL approach is used for
estimation, and Table 7 shows the results. In the long run, it
can be seen that in all models, economic growth is significantly
and positively associated with public health at a 5% level of
significance in Model 1 and 3 and a 1% level of significance
in Model 2. Hence, it can be said that economic growth
increases exposure to PM2.5 and mortality but enhances the
life expectancy. Zheng et al. (50) also found that economic
growth can increase exposure to PM2.5. But results regarding
the economic growth and mortality are against the findings of
Dadgar and Norström (51). The reason could be the train of
GCC countries, industrial development of GCC countries in
recent years, which causes the higher PM2.5. This leads to a high
mortality rate. The result regarding the economic growth and
life expectancy is consistent with the findings of Niu et al. (17).
This positive association is due to prioritizing the improvement
in the healthcare sector in GCC countries. The spending on the
healthcare sector in GCC is about US$ 104.6 billion currently,
which is 6.6% higher since 2017.

The coefficient of carbon emission is positive and significant
at a 1% level of significance in all models. It can be seen that
carbon emission increases exposure to PM2.5 also, suggest that
carbon emission is the main culprit behind increased PM2.5
exposure. Likewise, carbon emission is also significantly and
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TABLE 6 | Pedroni cointegration.

Model 1 Model 2 Model 3

Stat Weighted stat Stat Weighted stat Stat Weighted stat

Panel v-Statistic −0.781 −0.537 −0.679 −1.134 −0.966 −2.415

Panel rho-Statistic −3.990a −3.702a −3.714a −3.319a −3.601a −3.970a

Panel PP-Statistic −8.767a −8.656a −9.784a −11.356a −10.35a −13.075a

Panel ADF-Statistic −3.689a −3.286a −4.346a −4.488a −4.72a −4.573a

Group rho-Statistic −3.345a −3.167a −3.340a

Group PP-Statistic −13.745a −15.279a −14.77a

Group ADF-Statistic −4.246a −4.741a −4.602a

ashows the level of significance at 1%.

TABLE 7 | ARDL estimation.

Long run Model 1 Model 2 Model 3

EG 0.033b 0.433a 0.091b

CO2 0.041a 0.121a 0.015a

TEMP 0.271a −0.212 0.064a

TECH 0.107a 0.037 0.003

Short-run

D EG 0.029 −0.052 0.098

D CO2 −0.034 0.002 −0.004

D TEMP −0.008 −0.023 0.006

D TECH 0.018 −0.003 0.004

C 1.072a −0.132 1.537a

ECT −0.361a −0.197c −0.366a

EXPOSURE, DEATH and LIFE represents the Exposure to PM2.5, Mortality from exposure

to ambient PM2.5 (Per 1,000,000 inhabitants) and Life expectancy at birth (years).

EG mentions the economic growth, CO2 is the carbon emission. TEMP and TECH

are representing the temperature and technology. C and ECT are constant and error

correction terms respectively.
a,b,cMentions the significance level at 1% and 5%, respectively.

positively related to mortality, consistent with the findings.
However, carbon emission is significantly and positively related
to life expectancy showing that carbon emission enhances life
expectancy. This result contrasts with many previous studies
(17, 29, 30). One possible explanation of this positive association
is improvement in overall health is explained by Gangadharan
and Valenzuela (52), who assert that healthcare gains cancel
the environmental losses due to improvement in income level.
The same is true for GCC countries where the income level is
improved significantly, which improves the quality of health. Due
to improvement in the standard of living through high income,
life expectancy improves despite increased carbon emission.
Also, a high-income level enables the residents of these countries
to get better treatment from foreign countries, including the US
and Europe and this also improves life expectancy.

In the case of temperature, the coefficient is positive and
significant in Model 1 and 3 at a 1% significance level. This
suggests that temperature enhances the exposure to PM2.5

TABLE 8 | Pairwise Dumitrescu-Hurlin panel causality test.

Model 1 Model 2 Model 3

Zbar-stat Zbar-stat Zbar-stat

EG does not homogeneously cause PH 1.273 −0.226b 4.252a

PH does not homogeneously cause EG 5.529a 2.949a 1.067

CO2 does not homogeneously cause PH 0.859a −0.725a 1.835 c

PH does not homogeneously cause CO2 6.411 6.264 −0.889

TEMP does not homogeneously cause PH −1.537 −0.713 −0.789

PH does not homogeneously cause TEMP 0.388 0.131 −0.773

TECH does not homogeneously cause PH −1.138 −0.064 −0.406

PH does not homogeneously cause TECH −0.772 0.139 0.504

EXPOSURE, DEATH and LIFE represents the Exposure to PM2.5, Mortality from exposure

to ambient PM2.5 (Per 1 000 000 inhabitants) and Life expectancy at birth (years).

EG mentions the economic growth, CO2 is the carbon emission. TEMP and TECH are

representing the temperature and technology.
a,b,cMentions the level of significance at 1% and 5%, respectively.

but improves life expectancy, which is against the findings of
Yang et al. (2), Ostro et al. (6) and Gasparrini et al. (23).
The reason could be the adaptive behavior of people in GCC
countries. The climate of these countries is inherently hot;
hence people get accustomed to hot weather. Also, adaptive
behavior, including clothing and staying indoor, reduces the
harmful impacts of temperature, including mortality. Likewise,
modified and effective cooling devices are installed at homes and
offices now due to improvement in income level, which protects
the population from harmful impacts of high temperature.
Hence, besides an increase in temperature, life expectancy tends
to improve.

Technology is significantly and positively related to public
health in only Model 1 at a 1% significance level. This result
is against the findings of Jiang et al. (26) and Hanzl (53), who
suggest that technological improvements in the environment
enhance public health. Efforts are made in GCC countries to
change the overall energy mix by including renewable sources.
But still, fossil fuels are the major source of energy. The industrial
and transportation sector is dependent on fossil fuels, leading
to a high concentration of PM2.5 in the atmosphere (1) despite
making technical progress related to the environment.
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Short-Run Analysis
In the short run, all variables in all models are insignificantly
related to public health. Although in one model, economic
growth is negatively related to public health. In contrast, carbon
emission is negatively related in two models, which shows that
carbon emission can reduce public health in the short run. The
same is true for temperature because temperature proves to be
a public health issue in the two models. Technology is positively
related to the majority of the models showing that environmental
technology can enhance public health. The contributing factors
regarding public health are not shown to be important in the
short run.

Dumitrescu-Hurlin Panel Causality

Table 8 presents the results of the Pairwise Dumitrescu-Hurlin
panel causality test, which is the advanced version of the Granger
test, to check if causality is present between study variables. It
can be seen that there is causality between economic growth and
public health because, in the majority of models, the Zbar value is
significant. The causality from carbon emission to public health is
present due to significant Zbar statistics, but there is no causality
from public health to carbon emission. In the case of temperature
and public health, no causal relationship is there. The same is true
for technology and public health.

CONCLUSION

The current study aims to explore the determinants of public
health in GCC countries from 1990 to 2020. After conducting
the unit root and cointegration test, the ARDL approach explores
the long-run and short-run association between variables. It is
noted that all variables are significantly related to public health
only in the long run. Economic growth proved to be an enhancer
of exposure to PM2.5 and mortality, improving life expectancy.
Also, carbon emission is significantly and positively related to
all public health measures. Carbon emission enhances PM2.5
exposures and increases the mortality rate. But more carbon
emission results in high life expectancy. Likewise, temperature

and environmental technology also add to GCC countries’ public
health measures.

In light of these findings, some major policy implications
are as follows: the government should try to improve the
quality of treatment available in the country. When people travel
abroad for treatment, healthcare costs increase as authorities of
government agencies pay this cost. A new economic development
pattern should be followed to reduce the harmful impacts of
economic growth on health. Decelerating economic growth
is not an option, but the link between PM2.5 concentration
and economic growth should be decoupled. To do this, an
intensive growth pattern should be followed instead of an
extensive pattern. Policymakers should introduce environmental
policies to reduce the risk related to air pollution due to
economic growth. Policymakers should divert investment toward
research and development efforts to introduce upgraded and
environmentally friendly products, including cooling devices. It
will reduce the harmful impacts of carbon emission and help
cope with the increasing temperature of the region. Healthcare
spending can also be reduced by reducing imported and branded
products. Value-added devices and generic drugs are used in
developed countries, but GCC countries miss this, increasing
overall health expenditure. Revising the overall energy mix is
also a valid option to reduce the harmful impacts of increasing
heat and carbon emission. In this regard, using renewable
energy sources, including wind and solar power, will reduce
health-related issues.
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Our study explores the impact of financialization on carbon emissions by utilizing

diverse financialization proxies, particularly for China. We examine the impact of

financialization, institutional quality, globalization, natural resources, trade openness,

and renewable and nonrenewable energy consumption on environmental pollution

over the period 1996–2017 by utilizing dynamic autoregressive distributed lag (ARDL)

simulations. The empirical findings of the study indicate that institutional quality,

trade, globalization, natural resources, and renewable energy consumption significantly

decrease environmental pollution in the long run, while foreign direct investment and

financialization have neutral effects on carbon emissions. Our findings demonstrate

that a 1% increase in institutional quality, trade, IFDI, renewable energy, and

globalization leads to a decrease in CO2 emissions by 0.198, 0.016, 0.075, 0.010,

and 0.072%, respectively. Even though financialization indexes contributed insignificantly

to environmental degradation, other explanatory variables significantly affected carbon

emissions through indirect effects of financialization. Financialization indexes behave in

a similar context, and these proxy indicators are good parameters to understand the

complex nature of financialization. Moreover, in order to achieve low carbon emissions

and sustainable development, countries need viable financial institutions that focus on

green growth by promoting clean production process strategies to ensure the reduction

of CO2 emissions.

Keywords: financial development, CO2 emissions, institutional quality, renewable energy, sustainability

development

INTRODUCTION

Global warming has emerged as a challenging environmental issue in recent decades (1–4) and it
may terribly affect the health of human beings (5–8). Over the last two decades, environmental
degradation has become a serious challenge worldwide that has forced researchers, scholars,
and policy makers to think properly about environmental issues and provide environmentally
friendly policies (6–8). Such a rise in the worldwide temperature due to global warming
and its harmful effects on the environment caused the arrangement of a United Nations
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convention on climate change in 1992. Later, the Kyoto
Protocol convention was arranged in 1997 and subsequently,
the Paris Contract session was convened in 2015 to reduce
global warming by imposing environmental restrictions on gas
emissions. Environmental degradation arises due to emissions
of greenhouse gases and thus, it has become a serious issue
worldwide in environmental disputes (9). Carbon dioxide (CO2)
emits approximately 75% of greenhouse gases (10). The world’s
top 10 carbon-emitting countries represent almost 67% of the
total emissions of the world, and China is included among the
top 10 carbon-emitting countries of the world (2). Accordingly,
strict disciplinary measures are needed to reduce CO2 emissions
from top pollution-emitting countries.

China has undergone marvelous economic development
since it opened its borders for international capital flows in
recent decades. Hence, this rapid economic development of the
Chinese economy severely affected the environment and gave
rise to environmental pollution. A lot of empirical studies have
investigated the various determinants of environmental pollution
particularly in the case of China (11, 12). Industrial development
is highly associated with environmental issues and empirical
evidence confirms that a large number of industries emit huge
amounts of greenhouse gases in China (13). At the present time,
there is roughly 50% of annual greenhouse gas emission growth
in China and it must be urgently evaluated by environmental
protection regulations or must be regulated by the Chinese
laws of environmental sustainable development. China started
the policy to develop environmental institutions in 1972 and
the Chinese government sent an official delegation to attend
the United Nation conference on environmental development
and sustainability in 1972 which was held in Stockholm1. Local
environmental regulations were enforced in China in 1989
when the environmental protection law was approved by the
National People’s Congress of People’s Republic of China. Up
until now, 29 laws have been formulated by the National People’s
Congress and its standing committee of P.R. China regarding
environmental protection and sustainable development. China’s
first political priority is to develop a pollution-free environment.
Recently in China, large scale environmental policies have
been implemented at the national level, such as the 2015
Environmental Protection Law, 2017 Environmental Protection
Tax Law, and 2018 Environmental Protection Tax Law (14).

The Chinese government is persistently working hard to
minimize the harmful effects of industrial development on
environmental sustainability as per reports of different 5-
year plans (FYPs). Economic development and sustainable
environment is the core agenda of China (15). The Chinese
supreme legislature body approved an environmental resolution
on climate change within the context of environmental challenges
in 2009 (16). The International Energy Agency (IEA) presented
a critical analysis report and confirmed that the Chinese
government has significantly launched environmental protection
policy measures at national, provincial, and lower district levels
in order to attain the targets of green energy and sustainable

1https://www.cfr.org/backgrounder/chinas-environmental-crisis (accessed on 10

July 2018).

environment (17). The Chinese government has the realized
harmful effects of gas emissions from inefficient power plants
in its 5-year plans and strictly enforced environmentally friendly
policies to reduce carbon emissions and environmental pollution.
The FYPs are developed by the Chinese government, and
environment protection strategies were the top priority of
government officials, scholars, and environmental experts in
the different 5-year plans of China (18). The environmental
protection laws (EPLs) of China highlighted environmental
challenges and provided effective environmental planning and
effective legislative and institutional settings in the context of
the environmental governance system of China. The EPLs are
designed to deal with environmental challenges, highlighting the
shortcomings in the environmental system, and propose better
solutions for a sustainable environment (19).

China has achieved a lot of economic development in
the recent decades but, alternatively, this rapid economic
development adversely affected the environment and raised a lot
of environmental challenges and issues for China (20). As per
the latest statistical reports, China has become the world’s largest
CO2 emitter and energy consumer (21). Its energy consumption
per unit of GDP is twice the world’s average and per capita
CO2 emissions have increased by 40% of world’s average. The
growth rate of CO2 emissions in China has risen more than
11 percent per annum (22). Accordingly, this rapid increase
of CO2 emissions in the last couple of years might result in
environmental degradation of the Chinese economy (23, 24).
Empirical literature has keenly emphasized the significance of
the relationship between environmental pollution and economic
growth (25–28). The economic rationality and validity of the
environmental Kuznets curve (EKC) hypothesis is widely debated
while exploring the environment-growth nexus (29–35) and
energy-environment-growth nexus in the long run and short run
(7, 36, 37).

Some empirical studies, such as Boutabba (38), Bekhet et al.
(39), Gokmenoglu and Sadeghieh, (40), Wang et al. (41),
and Shahbaz et al. (42), considered financial development as
a key explanatory variable, and empirical findings of these
studies strongly supported the fact that financial development
determines changes in carbon emissions. The recent literature
has focused on investigating the impact of financialization
on environmental development (38). Different scholars have
diverse opinions on the nexus between financial development
and environmental degradation. A lot of empirical studies
conclude that financial development aggravates environmental
degradation (41, 43–48). A stable financial system not only
increases the efficiency of the financial sector but also contributes
toward rapid economic development of a country (44, 49–
51). The development of the stock markets and financial
institutions reduces financing expenses and eases the liquidity
requirements of firms, thus it help firms to invest in new
projects to expand production, stimulate energy demand and
thus, in turn, can give rise to environmental pollution (52–
54). Financial markets encourage the public to borrow loans
from financial institutions and buy heavy weight vehicles
that can be the principal cause of the increase in carbon
emissions (44).
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Conversely, other schools of thought argue that
financial development reduces environmental pollution
by employing energy-efficient technology (20, 50, 55–
63). With advancement of technology, financial markets
developed globally and turned in to multinational corporations.
Financial markets promote investment activities and monitor
performance of the companies. The principal role of the
financial sector is to bring lenders and borrowers close
to each other with the purpose of efficient utilization
of capital in a profitable way. Financial markets play
a key role in the economy development of a country
(64). Financial institutions especially banks and stock
exchanges utilize public deposit funds and savings for
investment purposes in a productive way and thus, in
turn, contribute toward economic development of a
country (65).

The prime contribution of this empirical study is to
familiarize readers with the diverse financialization proxies
which are introduced by IMF in order to understand and
explore more comprehensively the impact of financialization
indexes on carbon emissions particularly in the case of
China. A large number of previous empirical studies have
used a single proxy to denote financial development. For
example, a study of Al-Mulali et al. (30) focused on the
European region and investigated the impact of financial
development on carbon emissions. They employed domestic
credit to the private sector (% GDP) proxy variable to
denote financial development. There are many empirical
studies, such as Ahmed (66) and Haseeb et al. (67) for
BRIC countries; Ali et al. (68) for Nigeria; and Kayani
et al. (69) for emitter countries, which have employed
a simple and single proxy variable to denote financial
development. These empirical studies found a positive impact
of financial development on environmental degradation. On
the other hand, using the same proxy variable to denote
financialization, some empirical studies, such as Jalil and
Feridun (20) for China; Shahbaz et al. (70) for South
Africa; Shahbaz et al. (71) for Malaysia; Nasreen and Anwar
(72) for low-, middle-, and high-income countries; Lee
et al. (73) for OECD; Abbasi and Riaz (10) for Pakistan;
Dogan and Seker (74) for top renewable energy countries;
and Gill et al. (75) for Malaysia, concluded that financial
development unfavorably and negatively affects environmental
issues. Henceforth by employing the same proxy variable to
denote financialization, some empirical studies, such as Ozturk
and Acaravci (76) for Turkey; and Seetanah et al. (9) for
Small Island Developing States, found an insignificant impact
of financial liberalization on environmental degradation in the
long run.

Many empirical studies, such as Ziaei (77) for European,
East Asian, and Oceania countries; Ali et al. (68) for Nigeria;
and Jiang and Ma (78) for developed, emerging, and developing
countries, have used an alternative simple proxy variable
(domestic credit provided by financial sector) to investigate
its impact on environmental issues. Additionally, some of
the recent empirical studies applied several other proxy
variables to denote financial development for robustness

checks. For example, Tsaurai (79) employed three different
proxies of financial development in his analysis for Africa.
These three different financialization proxy measures employed
are broad money, domestic credit to financial sector, and
domestic credit to private sector by banks. Katircioglu and
Taşpinar (80) used four different proxies, such as liquid
liabilities; broad money supply; domestic credits to the
banking and private sector; and ratio of commercial bank
assets to central bank assets plus commercial bank assets,
and they found an adverse impact of financial liberalization
on carbon emissions for Turkey. Shoaib et al. (51) employed
five different proxies, such as stock market capitalization;
domestic credit to private sector; stock market turnover ratio;
bank z-score; and bank net interest margin, to investigate
the impact of financial development on environmental
pollution for developed and developing countries and
found a favorable impact of financial development on
carbon emissions.

The fact that the above mentioned empirical studies utilized
more than one proxy for financial liberalization index is quite
motivational because these indicators of financialization may not
comprehensively cover the complex nature of financialization
(65). In order to overcome the limitation of single proxies of
financial liberalization, our study fills this gap by employing
multiple or diverse indices of financial development (65), thus
to the best to our knowledge, this is the first study that
extends the literature by utilizing multiple or different indices of
financialization particularly in the case of China. These indices
summarize the state of financial markets and institution in terms
of depth2, access3, and efficiency4 (81, 82). The diversity of
the financial structure proposes multiple indicators to measure
the effects of financial development across countries (2). Amin
et al. (2) tried to explore the impact of financialization on
carbon emissions by utilizing a comprehensive index of nine
different financial index proxies for the top 10 carbon-emitting5

countries based on panel data studies. However, it is widely
recognized that any potential inference drawn from these cross-
country studies provides only a general understanding of the
linkage between the variables, and thus are unable to offer
much guidance on policy implications for each country (23).
Hence, the focus of this research is to investigate the impact
of financialization on carbon emissions by employing multiple
or different financialization proxies6, particularly in the case
of China.

A few empirical research studies, such as Xiong and Qi (84),
Jalil and Feridun (20), and Zhang (50), explored the impact
of financial development on carbon emissions by employing
simple proxy variables for financialization, particularly in the
case of China, but we extend the contribution of these empirical

2Size and liquidity.
3Ability of enterprises to obtain financial services.
4Ability of institutions to provide their financial services at the lowest possible cost

with optimum returns.
5China is also included among the top 10 carbon-emitting countries.
6We had to remove some proxies from the financialization index due to omitted

variable bias in the model; these novel financialization proxies were introduced by

(83).
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studies by introducing multiple indexes of financialization
proxies in order to explore more comprehensively the impact
of financialization on carbon emissions, particularly in the case
of China. Xiong and Qi (84) provided valuable insight between
financial development and carbon emissions by incorporating
interesting variables in the model but this study was narrowly
focused at the Chinese provincial level and also employed a
single proxy for the financialization index. Accordingly, we
are conceptualizing key variables such as institutional quality,
globalization, FDI inflows, and natural resources in order to
reduce the problems of omitted variable bias in our proposed
study. These variables are significantly ignored in the prior
works of Zhang (50), and Jalil and Feridun (20) because
empirical study of Tamazian and Rao (57) confirm the role
of improved governance in reducing environmental problems.
Equally, empirical literature, such as Frankel and Romer (85),
Bhattacharya et al. (86), Sharif et al. (87), also confirm the
significant role of FDI inflows, natural resources, and renewable
energy in reducing environmental problems. Moreover, our
analysis is robust as we are utilizing an updated dataset for the
rapidly growing economy of China from 1996 to 2017 annually,
and also we are applying the most robust dynamic autoregressive
distributed lag (ARDL)7 methods to control the endogeneity,
multicollinearity, and autocorrelations issues for the time series
dataset of our empirical research study and thus this advanced
methodology is not applied in the prior works of Xiong and Qi
(84), Jalil and Feridun (20), and Zhang (50).

Our study contributes to the existing literature in several
ways. Firstly, it introduces financialization by utilizing various
proxies that have never been utilized before for China. Secondly,
the impact of institutional quality has been ignored in earlier
literature, our study identified the impact of institutions on
environmental degradation. Thirdly, we have employed an up-
to-date econometric methodology.

The remainder of the study is as follows. Section Model,
Data, and Econometric Methodology defines the model, data,
and methods; Section Results and Discussion explores the
empirical results and discussion; and Section Conclusion and
Policy Recommendations presents the conclusion of the study
and policy implications.

MODEL, DATA, AND ECONOMETRIC
METHODOLOGY

This study investigates the role of institutional quality,
financialization indexes, FDI, natural resources, trade openness,
globalization, and renewable and non-renewable energy
consumption on carbon emissions for China from 1996 to 2017
annually. Inspired by the work of Al-Mulali et al. (30), we have
extended our model by adding some important variables.

CO2t = β1 + β2GOVt + β3 FD Indext + β4TRADEt + β5 IFDIt

+ β6 RENRGYt + β7NONRENRGYt + β8 NRSOURCESt

+ β9 GLOBALt + εt (1)

7Dynamic autoregressive distribution lag simulations methodology.

where CO2 emission is an environmental indicator; GOV is
the governance index, FD Index is the financial development
index, TRADE is trade openness, IFDI is a foreign direct
investment inflow, RENRGY is renewable energy consumption,
NONRENRGY is non-renewable energy consumption,
NRSOURCES is natural resources, and GLOBAL is the
globalization index. The description of all indicators is reported
in Table 1. The summary statistics of all the variables are
reported in Table 2 which demonstrates the mean, maximum,
minimum, and standard deviation values of the variables.
The results of descriptive statistics depict positive trends for
all the variables. These variations seem sufficient for further
empirical estimation.

As per the results in Table 2, the mean value of carbon
emissions is 4.91 and its range starts from the minimum value of
2.51 and ends with the maximum value of 7.32. Financialization
index proxies (FDIX, FIIX, FMIX, and FMDIX) assume an
average value of 0.4545 (FDIX), 0.1818 (FIIX), 0.5454 (FMIX),
and 0.4545 (FMDIX) with the minimum value of these proxy
indexes starting from a value of 0 and up to a maximum value
of 1. The average value of the governance index (GOV) is zero,
the GOV index range starts from a minimum value of 0 and ends
with a maximum value of 1. The mean values of FDI inflows
(IFDI) and TRADE are 3.46 and 46.06, respectively. The average
values of renewable energy (RENRGY) and nonrenewable energy
(NONRENRGY) are 19.20 and 84.77, respectively. The average
values of globalization index and natural resources are 84.65 and
1.22, respectively.

Econometric Methodology
Jordan and Philips (88) developed a new dynamic stimulated
ARDL method namely the dynamic ARDL simulations
approach to overcome the complications in short- and long-run
examinations of the original ARDL approach. The dynamic
simulations ARDL approach estimates and predicts the
probability change of the regression and on one regressor,
while keeping other regressors unchanged. On the other
hand, the Pesaran ARDL approach only examines the long-
run and short-run linkage between variables. Although the
implementation of the ARDL approach is very convenient,
its dynamic form accepts the first difference and multiple
lags of both regressor and regression (88). To estimate the
dynamic ARDL simulations, all the variables in the econometric
model must be stationary at the first difference I(I), and there
should be cointegration among all indicators (37, 88). This
method uses multivariate normal distribution to simulate
the vector of parameters 5,000 times. The equational form
of the dynamic ARDL simulations approach is presented in
equation (1).

1yt = ∅0Yt−1 +∅1(X1)t−1 + . . . +∅k(Xk)t−1

+
∑m

k=1
σi1(y)t−1 +

∑ni

l=0
∂ij1(x1)t−j+ . . . .

+
∑nk

l=0
∂kj1(xk)t−j+µt (2)

In equation (1), y demonstrates the variation in the dependent
variable; ∅0 is the intercept; t-1 is the maximum p-value

Frontiers in Public Health | www.frontiersin.org 4 March 2022 | Volume 10 | Article 849946217

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Ameer et al. Impact of on Financialization on Carbon Emission

TABLE 1 | Variables description.

Abbreviations Variable name Definition and scale of measurement Source

CO2 Carbon dioxide

emissions

Metric tons WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

GOV GOV stands for

institutional quality

index

GOV is extracted by applying principal component (PCA)

methods. GOV is an aggregated index of six individual

governance indicators (rule of law; control of corruption;

regulatory quality; government effectiveness; political stability

and no violence; voice and accountability)

WGI, World Bank https://databank.worldbank.org/

source/worldwide-governance-indicators

FD Index Financial

development index

FD Index stands for different proxies of the financialization

index, such as financial development index (FDI), financial

institutional index (FII), financial markets index (FMI), and

financial markets depth index (FMDI). These proxy indexes

are utilized to measure the diverse nature of financial

development and these multiple financialization proxies are

introduced by the International Monetary Fund (IMF)

IMF website https://www.imf.org/en/Data

TRADE Trade openness (% GDP) WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

IFDI Foreign direct

investment inflows

(% GDP) WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

RENRGY Renewable energy

consumption

(% of total final energy consumption) WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

NONRENRGY Non-renewable

energy

consumption

(% of total final energy consumption) WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

NRSOURCES Natural resources Coal WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

GLOBAL Globalization Globalization calculated in indexes WDI, World Bank https://databank.worldbank.org/

source/world-development-indicators

of the regressor; nk shows the number of lags; 1 is the
first difference; t is the time period, while µ is the error
term. The null hypothesis of no cointegration H0 =
∅0 + ∅1 + . . . + ∅k = 0 is checked against the
alternate hypothesis HA = ∅0 + ∅1 + . . . + ∅k 6=
0. The null hypothesis of no co-integration is rejected
if the calculated value of F-statistics is greater than its
critical value.

1 ln (CO2)it = β01 ln(CO2)it−1 + α11 ln(GOV)it

+ δ11 ln(GOV)it−1 + α21 ln(FD)it

+ δ21 ln(FD)it−1 + α3 1 ln (TRADE) it

+ δ3 1 ln (TRADE)it−1 + α4 1 ln(IFDI)it

+ δ4 1 ln (IFDI)it−1 + α5 1 ln(RENRGY)it

+ δ5 1 ln (RENRGY)it−1 + α6 1 ln(NONRENRGY)it

+ δ6 1 ln (NONRENRGY)it−1

+ α7 1 ln(NRSOURCES)it

+ δ7 1 ln (NRSOURCES)it−1 + α8 1 ln(GLOBAL)it

+ δ8 1 ln (GLOBAL)it−1 + εit (3)

The novelty of our study is that it employs the dynamic
ARDL approach based on dynamic simulations which has
recently been added to the existing literature by Sarkodie
et al. (37).

TABLE 2 | Summary statistics.

Variable Obs Mean Std. dev. Min Max

CO2 22 4.91 1.92 2.51 7.32

GOV 22 0.000 1.43 −2.69 2.12

FDIX 22 0.4545 0.5096 0 1

FIIX 22 0.1818 0.3947 0 1

FMIX 22 0.5454 0.5096 0 1

FMDIX 22 0.4545 0.5096 0 1

TRADE 22 46.06 10.22 32.42 64.47

IFDI 22 3.46 0.965 1.34 4.72

RENRGY 22 19.20 7.75 11.33 30.53

NONRENRGY 22 84.77 3.80 78.93 88.89

NRSOURCES 22 1.22 1.250 0.067 4.83

Global 22 84.65 1.44 81.4 86.6

RESULTS AND DISCUSSION

Before applying the dynamic ARDL simulations approach, the
first step is to check the stationarity of all variables, that is, the
dependent variable should be stationary at first difference I(1),
while all independent variables must be stationary at level or at
the first difference, i.e., I(0) or I(1).

This study applies augmented Dickey-Fuller (ADF) and
Phillip-Perron (PP) unit root tests to check the stationarity of all
variables. The results of unit root tests in Table 3 demonstrate
that all variables are stationary at first difference I(1).
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TABLE 3 | Unit root test results.

ADF Phillips–Peron

Variable level First difference level First difference

CO2 −1.221 −2.434*** 2.423** −1.235**

GOV −1.220 −2.646*** −1.996** −4.464***

IFDI −0.173 −2.499*** −1.544 −4.631***

TRADE −2.058** −1.667** −0.173* −3.128***

RENRGY −1.833** −1.628** −2.622** −1.331*

NONRENRGY −2.183** −1.778** 1.887 −1.519*

FDIX −0.386 −5.119*** −0.354 −10.231***

FIIX −0.243 −3.082*** 0.000 −4.359***

FMIX −1.065 −5.119*** 0.000 −4.359

FMDIX −0.386 −2.646*** −0.354 −10.231***

GLOBAL −1.851** −2.114** 1.991 −5.138***

NRSOURCES −1.225 −2.831*** −1.346 −7.888***

*, **, and *** represent 1%, 5%, and 10%, respectively.

Dynamic ARDL Simulations
The results of the dynamic ARDL simulations are reported
in Table 4. The governance has a negative relationship with
CO2 emissions which implies that an increase in the quality
of institutional quality leads to a decrease in CO2 emissions
in China. Our empirical estimations are consistent with the
findings of Tamazian and Rao (57) which supported the role
of improved governance in reducing environmental problems.
Establishment of stable financial, economic, and environmental
institutions contributes to green energy, thus helping to mitigate
environmental degradation. It can be said that the expansion of
government spending and development of institutional quality
stimulate economic activities in an economy, attract foreign
direct investment and trade, which ultimately strengthens the
scale effects on carbon emissions.

The negative and significant relationship between trade
and CO2 emissions implies that international trade helps
to mitigate environmental degradation. A potential reason
is that China’s higher economic growth rate and increased
income have reduced trade barriers, which ultimately leads
to improve environmental quality. Furthermore, China has
improved its manufacturing structure. Due to the increased
demand for traded goods, low-polluting goods produced in
China have greatly contributed to the reduction of CO2

emissions. Our findings are consistent with Chen et al.
(89), Yazdi and Beygi (90), Hao and Liu (91), and Shahbaz
et al. (70).

The coefficient of foreign direct investment (IFDI) shows
insignificant results in the long run while it depicts a positive and
significant relationship in the short run. The negative coefficient
of renewable energy consumption (RENRGY) demonstrates
that a rise in the share of renewable energy consumption
adversely affects CO2 emissions in China. In China, with
increasing concerns regarding health environmental costs of
CO2 emissions, RENRGY must become an effective substitute
for fossil fuels (such as oil, coal, and natural gas). Our

TABLE 4 | Results for dynamic ARDL simulations.

Regressors Model 1 Model 2 Model 3 Model 4

Lagged CO2 −0.5456**

(−3.77)

−0.4530**

(−4.05)

−0.2155

(−1.79)

−0.5456**

(−3.77)

GOV −0.1988**

(−5.00)

−0.0804

(−1.42)

−0.1542**

(−4.03)

−0.1988**

(−5.00)

1 GOV 0.1439

(2.44)

0.00087

(0.03)

−0.0312

(−2.39)

−0.0401

(−2.64)

FDIX 0.3453

(2.06)

1 FDIX 0.1439

(2.44)

FIIX −0.1630

(−1.53)

1 FIIX −0.13683

(−1.31)

FMIX 0.4166

(2.90)

1 FMIX 0.2705

(2.64)

FMDIX 0.3453

(2.06)

1 FMDIX 0.1439

(2.44)

TRADE −0.01648**

(−3.84)

−0.02074**

(−5.13)

−0.0162**,

−5.39

−0.0164**

(−3.84)

1 TRADE 0.0018

(0.320)

−0.0017

(−0.25)

0.0116

(2.70)

0.0018

(0.32)

IFDI −0.0759

(−2.26)

−0.03410

(−0.88)

−0.0595,

−2.06

−0.0759

(−2.26)

1 IFDI 0.0788*

(3.44)

0.0806

(2.79)

0.1188**

(5.54)

0.0788*

(3.44)

RENRGY −0.1017**

(−5.21)

−0.0976*,

−3.19

−0.0656,

−2.47

−0.1017**

(−5.21)

1 RENRGY 0.0759

(2.07)

0.0044

(0.12)

0.0182

(0.46)

0.0759

(2.07)

NONRENRGY 0.1210

(1.75)

0.1088

(1.90)

0.0138

(0.35)

0.1210

(1.75)

1 NONRENRGY 0.3819**

(5.29)

0.2338*

(3.09)

0.3370**

(4.76)

0.3819**

(5.29)

NRSOURCES 0.1722

(2.70)

0.0603

(0.75)

0.2413**

(4.20)

0.1722

(2.70)

1 NRSOURCES 0.0688

1.59

0.0246

(0.61)

0.0867*

(3.19)

0.0688, 1.59

GLOBAL −0.0728

(−3.12)

−0.0367,

−1.27

−0.09018**,

−4.02

−0.0728*,

−3.12

1 GLOBAL 0.0512

(2.21)

0.0064 0.25 0.0372

(1.56)

0.0512, 2.21

CONS 1.396

(0.27)

−0.7771,

−0.12

9.348 2.37 1.396, 0.27

Breusch–Godfrey

LM

0.2016 0.1442 0.2376 0.2016

Breusch–Pagan

(heteroscedasticity)

0.3995 0.3995 0.3995 0.3995

Skewness and

Kurtosis (normality)

0.3288,

0.2629

0.0387,

0.9344

0.3512,

0.2378

0.3288,

0.2629

***, **, and * denote 1, 5, and 10% levels of significance. 1 denotes the value of the

coefficient of the explanatory variables in the short run. T-values are in parenthesis ().
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results are similar to those of Anwar et al. (92), Wang et al.
(41), and Bekun et al. (93), who found that an increase
in the demand of energy and enormous consumption of
non-renewable energy sources exerts an adverse impact on
the environment.

The impact of natural resources on CO2 emissions is positive
and significant for China. Abundant natural resources minimize
the need for fossil fuel energy; in addition, these results are
related to the use of China’s own energy sources (such as natural
gas and renewable energy), which emit fewer emissions than
fossil energy sources. The coefficient of globalization shows a
negative and significant relationship with CO2 emissions in
China. Shahbaz et al. (94) argued that globalization adversely
affects CO2 emissions through income effect, scale effect,
and technique effect. In addition, this also confirms the
Chinese government’s willingness and concern to reduce carbon
dioxide emissions by adopting environmental policies with rapid
economic growth.

Empirical results show that financialization indexes8 (FDIX,
FMIX, and FMDI) positively but insignificantly contribute
toward environmental pollution except FIIX9. Conversely,
FIIX reduces environmental pollution but the effects are
insignificant. Even though financialization indexes contributed
insignificantly to environmental degradation when we analyze
the separate impact of each financialization index on carbon
emissions in model 1, model 2, model 3, and model 4, other
explanatory variables10 significantly affected carbon emissions in
all models through indirect effects of these financial indicators.
We notice that financial indexes affected carbon emissions
indirectly through other explanatory variables in model 1,
model 2, model 3, and model 4 as all of the explanatory
variables significantly affected carbon emissions in the models
of our proposed study. As per estimations, we notice that
financialization development indexes are quite similar in nature
and behave in a similar context, and these proxy indexes can be
utilized to measure the diverse nature of financial development.
Our empirical estimations are parallel to those by Seetanah
et al. (9) and Ozturk and Acaravci (76) who found neutral
effects of financialization on environmental degradation in the
long run.

The results of the diagnostic tests are presented in Table 4.
The diagnostic tests are applied to check the consistency of
econometric models. The results of the Breusch-Godfrey LM
test demonstrate that no serial correlation was found in the
model. The results of Breusch-Pagan show the absence of
heteroscedasticity in the model. To check the normality of
the dataset, we have applied skewness and kurtosis tests. The
results demonstrate that normal distribution existed under the
null hypothesis.

8Financial development index (FDIX); financial market index (FMIX); financial

markets depth index (FMDIX).
9Financial institutional index (FIIX).
10Institutional quality; natural resources; trade liberalization; globalization;

renewable energy.

CONCLUSION AND POLICY
RECOMMENDATIONS

In recent decades, global warming has emerged as a challenging
issue that may cause deterioration of sustainable development
across the globe. Over the last couple of decades, CO2

emissions have widely and significantly contributed to global
warming which ultimately heinously affects climate change and
increases environmental pollution across the globe. Accordingly,
it is quite interesting to explore those factors which widely
contributed to carbon emissions and environmental pollution.
This empirical study explores the impact of diverse financial
development indexes, institutional quality, trade, globalization,
natural resources, and renewable and nonrenewable energy
consumption on carbon emissions for China over the period
1996–2017 annually.

This empirical study has applied advanced methodology;
namely, dynamic time series ARDL simulations proposed by
(88). The dynamic ARDL simulations overcome limitations
in the already existing ARDL approach model. This approach
used 5000 simulations of the vector of parameters by utilizing
multivariate normal distribution. The study examined the impact
of financialization indexes, institutional quality, globalization,
natural resources, and various other environmental factors, for
instance, renewable and nonrenewable energy consumption,
foreign direct investment, and trade on environmental
degradation. Empirical results conclude that institutional
quality, globalization, natural resources, trade, and renewable
energy consumption significantly and negatively contributed
toward carbon emissions, while foreign direct investment and
nonrenewable energy consumption had neutral effects on CO2

emissions. Even though financialization indexes contributed
insignificantly to environmental degradation, other explanatory
variables significantly affected carbon emission in all models
through indirect effects of these financial indicators.

Financialization indexes affected carbon emissions indirectly
through other explanatory variables in model 1, model 2,
model 3, and model 4. We infer from our empirical results
that financialization indexes are quite similar in nature and
behave in a similar context, and these proxy indicators are good
parameters to analyze the diverse nature of financialization.
Based on our empirical results, this study provides some
important policy implications. Firstly, institutional quality
significantly decreases carbon emissions, thus, researchers must
formulate strong policies to strengthen financial and local
institutions in order to significantly reduce environmental
pollution. The lack of environmental protection policies in
financial institutions has led to increased CO2 emissions.
Therefore, it is recommended to strengthen financial institutions
and adopt environmentally friendly policies to decrease CO2

emissions. The establishment of stable financial, economic,
and environmental institutions contributes to green energy,
thus helping to mitigate environmental degradation. The
findings of the study demonstrate that globalization, natural
resources, trade, and renewable energy consumption contribute
toward the reduction of environmental pollution in China
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which promotes sustainable development. In order to promote
an eco-friendly environment, policy makers and public
institutions should follow global environmentally friendly
laws and promote a globalized business environment in
order to significantly attract foreign companies and global
investors; thus, subsequently, more globalized environmental
laws and environmentally friendly policies can significantly
reduce environmental issues. In order to maintain a
high-quality environment, policy makers must establish
consistency between environment and economic policies
through utilization of natural resources and globalization. Our
findings demonstrate that a 1% increase in institutional quality,
trade, IFDI, renewable energy, and globalization leads to a
decrease in CO2 emissions by 0.198, 0.016, 0.075, 0.010, and
0.072%, respectively.

As far as the limitations of the current study are concerned,
we had to remove some financialization proxies due to omitted
variable bias or model misspecification error. Henceforth, we
can further extend this study by adding all of the nine diverse
indexes of financialization proxies11 in order to comprehensively
understand the role of financialization in terms of environmental
degradation, particularly for China. Additionally, the dataset
of our empirical study comprises information from 1996 to

11These diverse indexes of nine financialization proxies are introduced by

International Monetary Fund (IMF).

2017 annually, which is another limitation of our study.
Thus, we can further extend our study by overcoming these
limitations by utilizing all nine indexes of financialization proxies
and using updated datasets (conditionally depends upon the
availability of datasets) in order to derive more interesting policy
implications particularly in the case of China. Additionally, this
is a single country analysis, we suggest that future studies can
be extended to a larger sample of countries in order to obtain
broader conclusions.
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Based on the date of the main pollutant discharge and the change of pollutant

concentration in Z city, this study performed the statistical analysis of the concentration

data in excel. The data covers 3 years from 1 January 2015 to 31 December 2017.

An exposure-response relationship model was used established to evaluate the health

hazards caused by air pollution and the corresponding economic losses, further analyzing

the relationship between air pollution, health hazards, and economic benefits. The results

of the study showed that the changes in SO2 and NO2 concentrations in Z City from

2015 to 2017 have a great influence on the mortality rate of the local population,

respiratory mortality, the rate of internal medicine of outpatients, and the rate of chronic

bronchitis disease. The economic losses between 2015 and 2017 caused by PM10,

the primary pollutant in the air, were 3.9 billion, 3.5 billion, and 2.9 billion respectively,

accounting for 3.60%, 2.88%, and 2.09% of Z City’s GDP, which were enormous.

Finally, countermeasures of feasible treatment and in government performance were

put forward.

Keywords: air pollution, health hazard, economic losses, governance performance, public health

INTRODUCTION

Since the time of reform and the opening up in China, Z City, as known as “Greentown,” has
developed prosperously with its unique geographical advantages and convenient transportation
advantages. However, in recent years, the smog has shrouded the “Greentown,” and Z City has been
suffering from air pollution for a long time. Air pollution not only seriously affected the physical
and mental health of the residents in Z City but also caused certain economic losses, influenced the
prosperous and contented life of citizens. Therefore, it is necessary to study and evaluate the health
hazards and economic losses caused by the air pollution in Z City.

LITERATURE REVIEW

Health Hazard Evaluation of Air Pollution
Taking many foreign scholars’ researches as examples, in Austrian schoolchildren, Horak et al. (1)
discussed the evidence of adverse effects of certain air pollutants on health. They thought particulate
matter and ozone exposed in the air are related to the increasing mortality rate of respiratory and
cardiovascular diseases and the in-patient number.
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Kim and Kim (2) linked environmental air pollution with
children’s poor health, and their study found that air pollution
not only has an impact on preterm birth but also has a certain
relationship with infant mortality. He also proposed advice on
air pollution to the government to promote effective protection
of children’s health.

Cesaroni et al. (3) believed that the increased non-accidental
mortality was associated with long-term exposure to NO2 and
PM2.5, and long-term exposure to air pollution has a greater
impact on cardiovascular, respiratory, and lung cancer mortality
than other causes of death. Regarding the risk relationship
between related lung cancer mortality of PM2.5 and PM10, Cui
et al. (4) showed that the increased risk of getting lung cancer
is related to prolonged exposure to environmental particulate
matter (PM).

Through many years of research, Jiang et al. (5) pointed
out that China and western developed countries have certain
differences in air quality, and cannot directly use western
evaluation criteria to evaluate the health hazards caused by air
pollution in China.

In the long-term research, the data conforming to the status
quo of China’s air quality were explored gradually, which led to
a theoretical foundation and significant reference for evaluating
and analyzing the health hazards and economic losses caused by
China’s air pollution.

Liu et al. (6) studied the relationship between PM10 and
PM2.5 in air and the health problems, such as acute mortality,
respiratory disease incidence, and cardiovascular mortality in
the population, and improved the research on health hazard
evaluation of air pollution in China.

Chen et al. (7) studied and evaluated the damage caused by the
air pollutant PM10 to the health of residents in 113major cities in
China and provided a reference for evaluating the health hazards
of residents in other Chinese cities.

The Research on Economic Losses
Caused by the Air Pollution
Jakarta is one of the most polluted cities in the world, and its
air pollution exceeded the safety limitation set by the World
Health Organization. Napitupulu et al. (8) pointed out that it
was estimated that the health losses caused by air pollution in
Jakarta in 1999 amounted to 220 million US dollars. Therefore,
the government planned to launch a plan to control vehicle
emissions in 2001. Air pollution, while affecting people’s physical
andmental health, also increases defensive medical expenditures,
directly or indirectly, and causes certain losses to people’s
social welfare.

Forslund et al. (9) provided a theoretical framework for
measuring welfare and estimated that the negative health effects
of nitrogen dioxide emissions account for 0.6% of Sweden’s GDP.
Research has also shown that 65% of taxes currently on nitrogen
dioxide in Sweden were reasonable.

To evaluate the socio-economic impact of air pollution, Nam
et al. (10) proposed a comprehensive evaluationmethod based on
computable general equilibrium (CGE). A study of 18 Western
European countries showed that the annual air pollution damage

in Europe in 2000 was about 220 billion euros (about 3% of total
consumption). Compared to the rest of the world, even the places
where air quality was relatively high, the health damage caused by
air pollution was still enormous.

Kan et al. (11) studied the health effects of air pollution on
Shanghai residents and evaluated the economic losses caused by
air pollution. Studies have shown that the economic losses caused
by PM10 on the health of Shanghai residents in 2001 were 5.15
billion yuan (RMB), accounting for 1.03% of Shanghai’s GDP.

It can be seen that the economic loss caused by air pollution
in developed cities was still very serious. Hu (12) and Zhang (13)
studied the impact of air pollution on human health in Qingdao
and Lanzhou, respectively. The human capital method was used
to estimate the economic losses caused by air pollution in the two
cities, which were 353 million yuan (RMB) and 474 million yuan
(RMB), respectively. From the perspective of regional space, it
can be found that air pollution has caused considerable economic
losses to both the eastern and western cities of China. It can be
said that the span of air pollution in China is very huge, and the
economic losses caused are also considerably large.

Lv and Li (14) studied the health and economic losses caused
by PM10 and PM2.5 pollution in the Beijing–Tianjin–Hebei
region. The results showed that the total health and economic
losses caused by PM10 and PM2.5 pollution to Beijing-Tianjin-
Hebei were 139.93 billion yuan (RMB) and 134.29 billion yuan
(RMB), and these losses accounted for 2.26 and 2.16% of the GDP
of the Beijing–Tianjin–Hebei region in 2013, respectively. It can
be seen that atmospheric particulate pollution has caused great
economic losses to the residents of the Beijing–Tianjin–Hebei
region, of which PM10 was especially more harmful.

Generally speaking, air pollution directly or indirectly caused
economic losses to China’s regional development, and these losses
cannot be underestimated. It is imperative to control air pollution
and reduce economic losses.

Research on Government Performance
Performance management is an important management tool
for businesses and government departments. Kloot and Martin
(15) pointed out that the driving force for public sectors
around the world to reform is focused on the measurement
of public sector organization performance, especially for
local governments. Local governments are more focused on
primary goals and outcomes and they lack attention to
the decisive factors of secondary goals and organizational
performance. Bell et al. (16) identified that accountability
results can help decision-makers design the most effective air
quality control policy, but in many cases, such research was
hampered by enormous uncertainties. It can be seen that
the accountability system has an important impact on the
manager’s decision-making. Although it faces certain challenges,
it is still an important way of performance management. The
contemporary performance system is gradually improving, but
it is extraordinarily complicated.

Robinson and Moynihan (17) discussed the tense relationship
between performance systems and the complexity of modern
governance and identified themeaning and issues of research and
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practice. Low carbon governance is one of the crucial ways of air
pollution control.

Wang (18) believed that on the one hand, China lacks an
evaluation index system for low-carbon governance performance
currently, especially for local government. On the other hand,
low carbon governance is a dynamic process, but for local
government’s low carbon governance performance, China’s
dynamic evaluation is still insufficient.

In addition, the essential differences between different
local governments in performance appraisal should be
considered. Finally, the factors affecting the performance of
local governments on low carbon governance should take into
account the external environmental factors and the factors of
the government organization itself. For many years, China’s air
pollution was dominated by smog. The long-term mechanism
for seeking to manage the smog crisis is the focus of research of
experts and scholars.

Meng (19) put forward the governance performance
countermeasures of the local government to control air pollution
by studying the work of air pollution control by Shangqiu
Municipal Government of Henan Province from the aspects,
such as government’s strengthening joint prevention and control,
vigorously developing public transportation, and controlling
pollutant emission.

After reviewing some of the literature, it was found that
most of the literature at home and abroad have certain
similarities in the evaluation of health hazards and economic
losses due to air pollution. There are various measurements to
control air pollution. More attention must be attached to air
pollution control.

RESEARCH ON THE CURRENT SITUATION
OF AIR QUALITY IN Z CITY

This study firstly introduced the development courses of Z City
and then analyzed the situation of pollutant discharge and the
variation trend of concentration of major pollutants, and at last
analyzed the current situation of Z City’s air quality and the
causes of pollution.

General Conditions of Z City
Geographical Environment

Geographically, Z City is located between 112◦42′ and 114◦14′

east longitude, 34◦16′ and 34◦58′ north latitude to the north of
central Henan Province. It is located in the southern part of the
North China Plain and downstream of the Yellow River. The
terrain is high in the southwest and low in the northeast. It is
situated in the transition zone between the second and third steps
of China’s landform.

Climate Environment

Z City belongs to the northern temperate continental monsoon
climate with four distinctive seasons. The annual average
temperature is around 15.6◦C; the hottest month is August and
the monthly average temperature is 27.3◦C; January is the coldest
month, with the monthly average temperature of 0.2◦C. The

annual average rainfall is 640.9mm and the frost-free period lasts
for 209 days. The annual sunshine time is about 1,869.7 hours.

Social Environment

The total area of Z City is 7,446 square kilometers, with 6 districts,
1 county, and 5 county-level cities under the administrative
jurisdiction. According to the Statistics Bureau of Z City, the
resident population of Z City in 2017 was 98.81 million, with
a total production value of 136.27 billion US dollars. The per
Capita GDP is $13,902. Among them, the added value of the
primary industry was 2.33 billion US dollars, the added value
of the secondary industry was 56.67 billion US dollars, and
the added value of the tertiary industry was 62.1 billion US
dollars. In the whole year, the industrial added value of industrial
enterprises above the designated size decreased by 13.2%, and the
comprehensive energy consumption was 17.853 million tons of
standard coal.

To understand better the economic development of Z City in
the past 5 years, this study derived the relevant data through Z
City’s Statistical Year Book and statistics of the GDP per capita
from 2013 to 2017 and analyzed the economic development trend
of Z city more intuitively, which is shown in Figure 1 below.

In Figure 1, the per capita GDP of Z City from 2013 to 2017
was $10,160, $10,681, $11,525, $12,554, and $13,902, respectively.
We can see that in these 5 years, the GDP per capita of Z City
increased yearly, and the amount of growth from 2013 to 2017
was 521 US dollars, 844 US dollars, 1,029 US dollars, and 1,348
US dollars, respectively. Among them, the annual growth rate
in 2014 was relatively small, which was increased by only 5.10%
over 2013 and the largest growth rate was in 2017, which had
risen by 10.73% more than the previous year. Obviously, the
overall economic development of Z City in the mentioned 5 years
was excellent.

Analysis of the Current Situation of Z City’s
Air Quality
Overview of Major Pollutant Emissions

This study firstly analyzed the annual emissions of sulfur dioxide,
nitrogen oxides, and smoke (powder) dust in Z City based on
environmental statistics’ annual reports and identified the source
of air pollutants. See Table 1 for details.

To analyze the annual trend of emissions of major pollutants
in Z City more intuitively, a line chart of pollutant emissions was
drawn in accordance with Table 1, as shown in Figure 2.

It can be seen from Figure 2 that the main pollutants of Z
City were nitrogen oxides from 2011 to 2016. The emissions of
nitrogen oxides in Z City increased in 2011 and 2012 and showed
a downward trend for four consecutive years after 2013. The
secondary pollutant was SO2 and the emissions were relatively
stable from 2013 to 2015. In 2012, its emissions began to decline
year by year. Although the emission of smoke (powder) dust was
the lowest in the past years, it showed a growth trend from 2013
to 2015. There was a dramatic downward trend till 2016. The
emissions of nitrogen oxides, sulfur dioxide, and smoke (powder)
dust all dropped dramatically in 2016 which were very close,
and according to the data, they all had dropped below 50,000
tons. This is because in 2016, Z City had strictly controlled the
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FIGURE 1 | Z City’s per capital GDP trends from 2013 to 2017.

TABLE 1 | Major pollutant emissions of Z City from 2011 to 2016 (Unit: ton).

Years

pollutants 2011 2012 2013 2014 2015 2016

Sulfur dioxide 116,870.4 119,453 118,100 104,621.6 94,882.61 22,942.71

Nitrogen oxides 210,232.5 216,123 197,400 178,315.2 152,484.90 33,813.90

Smoke (Powder) 53,011.64 39,007.9 48,756.85 62,591.46 67,189.03 21,096.99

dust

discharge of major pollutants and achieved good results, which
was conducive to improving the status of Z City’s air quality.

Analysis of the Annual Atmospheric Change Trend of

Pollutant Concentration

From Table 2, the concentration of PM10 in Z City’s atmosphere
from 2013 to 2017 was 171, 158, 164, 143, and 118 µg/m3

respectively, which were far above the standard of the air quality
of China and did not conform to the requirements for the
secondary concentration limitation of 70 µg/m3, which was
specified in Ambient air quality standards (GB 3095-2012).

During the 5 years, the concentrations of PM2.5 were 108, 88,
93, 78, and 66 µg/m3 respectively, which also failed to meet the
requirements of Ambient air quality standards (GB 3095-2012),
according to which the secondary concentration limitation of
PM2.5 should be 35 µg/m3. While, the concentration of SO2

in these 5 years were 58, 41, 32, 28, and 20 µg/m3 respectively,

which reached the second level specified in Ambient air quality
standards (GB 3095-2012), according to which the secondary
level concentration limitation of SO2 should be 60 µg/m3. In
2017, the concentration of SO2 was almost up to the first level
concentration limitation.

The concentration of NO2 in Z City’s atmosphere from 2013
to 2017 were 51, 49, 54, 53, and 52 µg/m3, respectively, which
were above the secondary concentration limitation of NO2 of 40
µg/m3 specified in Ambient air quality standards (GB 3095-2012)
in China. In summary, themain pollutants in Z City’s atmosphere
were PM10, PM2.5, NO2, and SO2. These pollutants posed a
potential threat to the physical and mental health of the citizens
of Z City. It can be seen that the current situation of Z City’s air
quality was still not optimistic. Controlling air pollution is a long-
term process, which needs the public to paymore attention to and
never slacken off.

To be more intuitive in the analysis of the Interannual
variations of major pollutants in Z City, the annual trend of
each pollutant was plotted according to Table 2, as shown in
Figure 3 below.

From Figure 3, we can find out that the trends of the
concentrations of PM10 and PM2.5 in Z City were approximately
the same from the year 2013 to 2017. Among the inhalable
particulate matter in Z City in 2013, the concentrations of PM10
and PM2.5 was the highest in 5 years; in 2014, the concentration
was decreased; in 2015, it rebounded and showed an upward
trend; since 2016, the concentration of inhalable particulate
matter decreased for two consecutive years. The concentration
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FIGURE 2 | Interannual variations of major pollutant emissions in Z City from 2011 to 2016.

change of NO2 in Z City from 2013 to 2017 was relatively stable,
but it has shown a trend of slow increase in the past 3 years,
indicating that the emission of NO2 in Z City has increased in
the past 3 years because fewer control measures were taken. In
the past 5 years, the concentration of SO2 in Z City has shown a
downward trend, especially in 2014, when it declined the most
and the concentration dropped by about 29% compared with
the concentration in 2013. It can be seen that although the air
quality of Z City has shown an improving trend in recent years,
the air pollution was still very serious, and the effectiveness of
air pollution control was still not stable. The road ahead for air
pollution control in Z City is still long and tough.

Analysis of the Causes of Air Pollution in Z City

Climatic Factor
Z City has a marked continental monsoonal climate and it is in
the mid-latitude region. The four seasons are distinct and the
temperature is moderate. It is hot and rainy in summer and cold
and dry in winter. In winter, the winds are less, lacks rain and
snow, is prone to inversion weather, and the air fluidity is poor,
which is not conducive for the diffusion of pollutants, resulting
in their accumulation.

Social Factors
On the one hand, Z City’s energy structure is dominated by
coal, accounting for about 73% of energy consumption; on the
other hand, Z city has a large number of cars and large vehicle
exhaust emissions; in addition, the density of population and

TABLE 2 | Concentration of atmospheric particulate pollutants of Z City from

2013 to 2017 (Unit: µg/m3 ).

Years

pollutants 2013 2014 2015 2016 2017

PM10 171 158 164 143 118

PM2.5 108 88 93 78 66

SO2 58 41 32 28 20

NO2 51 49 54 53 52

construction in ZCity is relatively high, and all these factorsmake
the air liquidity weaken and aggravate air pollution. Furthermore,
other pollutants, such as factory exhaust gas and construction site
dust, have aggravated air pollution.

Analysis of the Physical Health Status of Z City

Residents

To evaluate the relationship between air pollution in Z City and
its impact on the residents’ health, it is necessary to understand
the health status of Z City residents. This study searched the
archived death-related data of the residents through the network
and analyzed the causes of death from 2011 to 2017. The causes
and dynamic trends of residents in Z City are shown in Table 3

and Figure 4.
It can be seen from Table 3 and Figure 4 that from 2011 to

2017 cardiopathy has been themain cause of death in Z city. It has
been increasing year by year since 2013. Cerebrovascular disease
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FIGURE 3 | Interannual variations trends of the concentration of inhalable particulate matter in Z City from 2103 to 2017.

is the second leading cause of death and cancers are the third. The
trends of these three causes of death have been the same basically
since 2013. Respiratory diseases are the fourth leading cause of
death, and their trends are relatively stable. The proportion of
people who died from injuries in Z City was relatively small.
In conclusion, the cause of death in Z City is mainly due to
cardiopathy, cerebrovascular disease, and cancer, which is not
related to the lifestyle, but related to their living environment.

EMPIRICAL STUDY ON THE
RELATIONSHIP AMONG AIR POLLUTION,
HEALTH OF RESIDENTS, AND ECONOMIC
LOSSES OF Z CITY

In this study, the exposure–response relationshipmodel was used
to evaluate the harm caused by air pollution to the physical health
of residents in Z City in 2015, 2016, and 2017. Based on the
outputs, we combined it with the economic value of the unit
health effect in known research and the corresponding impact on
residents’ health and economic losses caused by air pollution was
calculated further.

Research Model Settings
Health Hazard Assessment Methods

In this study, the exposure–response relationship model derived
from epidemiological studies at home and abroad was used to
evaluate the health threats caused by air pollution in Z city.
The exposure–response relationship model is associated with
the change in air quality and adverse health outcome, which
is the key to quantitatively assess the health hazards caused by
air pollution. Since the epidemiological study of air pollution is

TABLE 3 | Statistics on the causes of death of Z City residents.

Years

causes 2011 2012 2013 2014 2015 2016 2017

Cardiopathy 25.54% 28.32% 25.38% 26.78% 26.91% 27.57% 28.44%

Cerebrovascular

disease

21.95% 22.85% 20.52% 20.16% 19.47% 19.99% 20.86%

Cancers 20.30% 18.19% 18.59% 19.11% 18.46% 18.79% 18.96%

Respiratory

diseases

9.13% 9.28% 10.27% 11.11% 10.57% 10.44% 10.01%

Injuries 7.44% 7.99% 8.83% 7.64% 7.45% 7.52% 7.01%

based on the proportional hazard model of Poisson regression,
assuming the population health effect value at a certain particle
concentration is:

E = exp[β × (C− C0)]× E0 (1)

E = P× e (2)

In the equations,
β—The coefficient relationship of Exposure-reaction between

particulate contaminants and a certain adverse health outcome,
which refers to each change in particulate matter.

1 ug/m3, The increased proportion of the adverse
health outcome.

C—Actual concentration of particulate matter, unit: ug/m3.
C0—Threshold concentration value without health effect,

unit: ug/m3.
E–Population health effects under polluted conditions

unit: case(s).
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FIGURE 4 | The Trends of death cause of Z City population.

E0—Population health effects under clean conditions
unit: case(s).

P—The number of the exposed population, that is, the number
of permanent residents in the study year unit: person(s).

e—Baseline incidence: the average incidence of individual the
adverse health outcome in the population, units: 1/100,000.

1E—The health effect attributed to atmospheric particulate
contamination, i.e., the difference between E and E0.

Estimation Method of Economic Loss

At present, the estimation of economic losses of atmospheric
particulate pollution mainly includes the Willingness to Pay
Method, the Human Capital Method, and the Disease Cost
Method.Multiplying the unit value of the adverse health outcome
by the corresponding health effect is the economic loss of the
population in the adverse health outcome. The calculation model
used in this study is as follows:

ECal = P∗ed(E− E0)
∗HCmu (3)

In Equation (3),
ECal—Economic losses arising from residents’ health hazards

resulted from atmospheric particulate pollutants, unit: Yuan.
Ped—The total number of exposed population, unit:

Person (s).
HCmu—Unit economic value of each adverse health outcome,

unit: Yuan.

Analysis of Health Hazard of Air Pollution
Data Source

Exposed Population
In this study, the population in Z City belongs to the exposed
population. However, due to the large population flow in Z City,
the number of permanent residents in Z City from 2015 to
2017 was taken as the exposed population for the assessment of
the health hazard caused by atmospheric particulate pollution
in the calculation. The specific data comes from the Z City
Statistical Yearbook of Z City. From 2015 to 2017, the
resident population of Z City was 9,569,000; 9,724,000; and
9,881,000, respectively.

Exposure–Response Relationship
The exposure–response relationship correlates the change in
particulate matter pollution with the change in adverse health
outcomes, which is the key to quantitatively evaluate the
health hazard of particulate matter pollution. The selection
of exposure–response relationship coefficient β has to take
into account the sensitivity of race and ethnic groups, the
atmospheric particulate matter pollution, and the difference
in the degree of air pollution at home and abroad, and
these should be analyzed by using epidemiological data
in China. Only when there is no relevant information
in China, similar research data in other countries would
be substituted.
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TABLE 4 | Exposure-response relationship coefficient and baseline incidence of

relevant adverse health outcomes.

The adverse health

outcomes

Exposure-response

relationship coefficient

(Average and 95%CI)

Baseline

Incidence (e)

Total mortality 0.00430 (0.00260, 0.00610) 0.00522

Respiratory mortality 0.01430 (0.00850, 0.02010) 0.00042

The in-patient number

for cardiovascular

disease

0.00070 (0.00031, 0.00109) 0.01428

The number of patients

with chronic bronchitis

0.00450 (0.00127, 0.00773) 0.00148

The number of asthma

patients

0.02100 (0.01450, 0.03000) 0.00627

The number of internal

medicine of

outpatients.

0.00090 (0.00012, 0.00168) 0.5156

Selection of Pollution Factors
Since the concentration of CO and O3 in Z City from 2015 to
2017 was lower than the first-level concentration limitation of
each pollutant specified in Ambient air quality standards (GB
3095-2012), its impact on human health is not big. Therefore,
this study selected PM2.5, PM10, SO2, and NO2 as the main
pollution factors when evaluating the health hazards caused by
atmospheric pollutants in the urban residents of Z City.

Threshold Concentration Value
This study uniformly uses the first-level concentration limitation
specified in Ambient air quality standards (GB 3095-2012)
as the evaluation reference value for the health damage and
value assessment of air pollutants in Z City. The first-level
concentration limitation of PM10, PM2.5, SO2, and NO2 are
40, 15, 20, and 40 ug/m3, respectively. The actual pollutant
concentration can be obtained through relevant statistics and
weather reports.

Adverse Health Outcome
It relatively lacks data on the baseline incidence rate of the ZCity’s
population and unit economic value of adverse health outcomes
after comprehensively considering the current epidemiological
research status in China combined with the actual situation
of the Z City. The study evaluated the following six adverse
health outcomes: total mortality, respiratory mortality, in-patient
number of cardiovascular disease, the number of patients with
chronic bronchitis, number of patients with asthma, and the
number of internal medicine of outpatients.

Baseline Incidence Rate and Correlation Coefficient
Since the health baseline data of residents of Z City was difficult
to obtain, some data in this study uniformly adopted the adverse
health outcome average rate of Chinese urban residents.

Evaluation Steps

The correlation coefficient and the baseline incidence of each
adverse health outcome of Z City is shown in Table 4 (20–25).

TABLE 5 | Baseline number of each adverse health outcome from 2015 to 2017

[unit: case (s)].

Adverse health outcomes 2015 2016 2017

Total mortality 49,950 50,759 51,579

respiratory mortality 4,019 4,084 4,150

The in-patient number for cardiovascular disease 136,645 138,859 141,101

The number of patients with chronic bronchitis 14,162 14,392 14,624

The number of asthma patients 59,998 60,969 61,954

The number of internal medicine of outpatients. 4,933,776 5,013,694 5,094,644

According to Equation (2), the baseline incidence rate “e” of
Z City and the annual total population “P” (the total population
data involved in this study have been given in the exposed
population data) can be used to calculate the baseline number “E”
of the next adverse health outcomes at the annual contaminant
concentration of Z City from 2015 to 2017. The result is shown
in Table 5.

It can be seen from Table 5, among the number of baseline
occurrences of the six diseases caused by atmospheric particulate
matter pollution in Z City from 2015 to 2017, the number
of internal medicine of outpatients was the largest, which was
related to the baseline incidence. The second is the in-patient
number for cardiovascular disease, the third is the number
of patients with asthma, the total mortality rate and chronic
bronchitis cases are fourth and fifth, respectively, and respiratory
mortality is at the sixth place.

Analysis of Results

According to Equation (1), the population health effect value was
calculated under the threshold concentration of urban residents
of Z City from 2015 to 2017. The calculated baseline occurrence

number “E” and the population health effect value “E
′′
0 under

the threshold concentration was used to obtain the attribution
occurrences number “1E” of adverse health outcomes of Z City,
where the difference between the baseline occurrence number
and health effect value at the threshold concentration is equal to
1E, and the calculation result is shown in Table 6 as follows:

As can be seen from Table 6, the total number of deaths
in Z City caused by PM2.5 was 14,233; 1,2046; and 10,157,
respectively. The number of respiratory deaths was 2,702; 2,745;
and 2,149; respectively. The in-patient number for cardiovascular
disease was 7,261; 5,991; and 4,948, respectively. The number
of patients with chronic bronchitis was 4,192; 3,553; 2,999,
respectively. The number of asthma patients was 48,336; 44,731;
and 40,724, respectively. The number of internal medicine of
outpatients was 334,474; 276,367; and 228,559, respectively.
Among them, the number of internal medicine outpatients is
the largest, which means, the incidence influenced by PM2.5 is
the highest in the general population. Generally speaking, the
incidence of adverse health outcomes affected by PM2.5 showed
a trend of decreasing year by year, which was mainly related to
the change in PM2.5 concentration in Z City. It can be seen that
there is a certain correlation between air pollution in Z City and
the health hazard to the residents.
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TABLE 6 | City health loss caused by pollutants in Z City (cases).

Main pollutants Year Total mortality Respiratory

mortality

The in-patient

number for

cardiovascular

disease

The number of

patients with

chronic

bronchitis

The number of

asthma patients

The number of

internal

medicine of

outpatients

PM2.5 2015 14,233 2,702 7,261 4,192 48,336 334,474

2016 12,046 2,425 5,991 3,553 44,731 276,367

2017 10,157 2,149 4,948 2,999 40,724 228,559

PM10 2015 20,643 3,337 11,361 6,056 55,559 520,997

2016 18,163 3,148 9,659 5,338 53,959 443,878

2017 14,697 2,790 7,498 4,329 49,912 345,379

SO2 2015 2,512 634 1,143 744 13,365 52,998

2016 2,076 14 14,991 169 2,983 4,932,639

2017 0 0 0 0 0 0

NO2 2015 2,918 729 1,333 865 15,283 61,776

2016 2,760 693 1,258 818 14,566 58,318

2017 2,594 654 1,180 769 13,801 54,726

From 2015 to 2017, the number of internal medicine of
outpatients in Z City was the largest among the six diseases
caused by PM10, followed by the number of patients with
asthma. The third was the total number of deaths, the in-patient
number for cardiovascular disease and chronic bronchitis cases
was fourth and fifth, and respiratory mortality was at the sixth
place. Taking the year 2017 as an example, the number of internal
medicine of outpatients was 345,379, the number of patients
with asthma was 49,912, and the total number of deaths was
14,697. The three adverse health outcomes were in the top
three. Comparing them with the annual trend of the number
of patients from various adverse health outcomes from 2015
to 2017, the prevalence rate of various diseases in Z City has
generally declined year by year, that is to say, the air quality of

Z city has improved in the past 3 years.

From 2015 to 2017, the adverse health outcomes of Z City have

varying levels of sensitivity to SO2. The total number of deaths

caused by SO2 in Z city was 2,512; 2,076; and 0, respectively. The

number of respiratory deaths was 634, 14, and 0, respectively. The
in-patient number for cardiovascular disease was 1,143; 14,991;
and 0, respectively. The case of chronic bronchitis was 744, 169,
and 0, respectively. The case of asthma was 13,365; 2,983; and
0, respectively. The number of internal medicine of outpatients
was 52,998; 4,932,639; and 0, respectively. In summary, with
the decline of SO2 concentration in Z City from 2015 to 2017,
the number of each adverse health outcome affected by SO2

also showed a trend of decreasing year by year. The various
health losses caused by SO2 in 2017 are all 0 because the SO2

concentration in Z City was equal to the threshold concentration
value, which was just up to the first level of air quality standard
in China.

From 2015 to 2017, the total number of deaths caused by
pollutants in Z City was 2,918; 2,760; and 2,594, respectively. The
number of respiratory deaths was 729, 693, and 654, respectively.
The in-patient number in hospitals for cardiovascular disease
was 1,333; 1,258; and 1,180, respectively. The number of chronic

TABLE 7 | Economic value and evaluation method of each adverse health

outcome in Z City (Unit: ten thousand dollars).

The adverse health

outcome

Unit economic value

/ten thousand Yuan

The evaluation

methods adopted

Total mortality rate 14.92 Willing-to-pay

evaluation method

Respiratory mortality

rate

13.28 Willing-to-pay method

The in-patient number

for cardiovascular

disease

0.16 Cost of illness

evaluation method

The number of patients

with chronic bronchitis

5.97 Willing-to-pay

evaluation method

The number of asthma

patients

0.001 Willing-to-pay method

The number of internal

medicine of outpatients

0.004 Willing-to-pay

evaluation method

bronchitis was 865, 818, and 769, respectively. The cases of
asthma were 15,283; 14,566; and 13,801, respectively. The
number of internal medicine outpatients was 61,776; 58,318; and
54,726, respectively. In summary, the number of adverse health
outcomes affected by NO2 also decreased with the decrease of
NO2 concentration in Z City.

Taking the internal medicine outpatients caused by various
pollutants in 2017 as an example, 228,559 cases were caused by
PM2.5, 345,379 cases were caused by PM10, 0 cases were caused
by SO2, and 54,726 cases were caused by NO2. It can be seen that
PM10 among the four pollutants is themost harmful to the health
of Z City citizens, followed by PM2.5; NO2 is ranked the third,
and SO2 is the fourth.

For example, the concentrations of PM10, which is the most
harmful to human health, in Z City were 164, 143, and 118
ug/m3, respectively from 2015 to 2017. The total population was
9,569,000; 9,724,000; and 9,881,000, respectively. The death toll
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TABLE 8 | Economic losses caused by various pollutants in Z City, from 2015 to 2017 (ten thousand) Unit: US dollar.

Major pollutants Year Total

mortality

rate

Respiratory

mortality

rate

The in-patient

number for

cardiovascular

disease

The number of

patients with chronic

bronchitis

The number of

asthma patients

The number of

internal medicine of

outpatients

Its

proportion

in GDP

PM2.5 2015 212,436 35,887 1,127 25,028 30 1,498 2.53%

2016 179,784 32,214 930 21,210 27 1,237 1.94%

2017 151,595 28,542 768 17,904 25 1,023 1.47%

PM10 2015 308,107 44,322 1,763 36,158 34 2,333 3.60%

2016 271,091 280,151 1,499 31,869 33 1,987 2.88%

2017 219,362 41,814 1,164 25,844 31 1,546 2.09%

SO2 2015 37,493 8,418 177 4,445 8 237 0.47%

2016 30,986 182 2,327 1,011 2 22,086 0.47%

2017 0 0 0 0 0 0 0

NO2 2015 43,556 9,686 207 5,162 9 277 0.54%

2016 41,188 9,203 195 4,882 9 261 0.46%

2017 38,716 8,693 183 4,590 8 245 0.38%

TABLE 9 | Air quality status of reaching the standard in Z City from 2013 to 2017.

Year 2013 2014 2015 2016 2017

Days reaching the standard (days) 128 163 138 159 201

Rate of reaching the standard (%) 35.10 44.70 37.80 43.40 55.06

was 44,000, 53,000, and 55,000, respectively. The total death toll
of the population attributed to PM10 was 20,643; 18,163; and
14,697, respectively. That is to say, among the 44,000 deaths in
2015, 20,643 deaths were related to the pollutant PM10. Similarly,
18,163 deaths in the 2016 death toll were associated with PM10,
and in 2017, 14,697 deaths were associated with it. The number
of internal medicine outpatients caused by PM10 from 2015 to
2017 was 520,997; 443,878; and 345,379, respectively, which also
showed a downward trend. Obviously, the number of adverse
health outcomes affected by PM10 showed a decreasing trend,
which was basically consistent with the downward trend of
PM10 concentration.

Research on Economic Loss Caused by Air
Pollution
Data Source

On the basis of the existing research results for calculating the
economic loss of air pollution in China, we use the same method
adopted by theWorld Bank combined with the relevant statistical
data of the General Survey of Health Services in China, and this
study calculated the unit value of each adverse health outcome
caused by air pollution in Z City and assessed economic losses.

Evaluation Steps

Themethod adopted in this study, the willingness to pay method,
monetized the pollution hazard of major pollutants in air and
was combined with the disease cost method to supplement

the adverse health outcomes lacking partial willingness of
paying price.

Table 7 summarized the adverse health outcomes associated
with atmospheric particulate matter pollution in Z City, the
evaluation methods used, and the unit economic value of the
disease.

As we can see from Table 7, urban residents are more willing
to pay to prevent dying of the population and respiratory deaths,
respectively, at $149,200 and $132,800, followed by chronic
bronchitis, which is $59,700, while, they spent the lowest on
internal medicine, only $40.

The Analysis of Results

Combining the data in Tables 6, 7, the study evaluated the health
hazard of urban residents caused by air pollution in Z City and
used Equation (3) to calculate the health economic loss values of
various diseases caused by selected pollution factors in Z City. As
shown in Table 8.

It can be seen from Table 8 that the changing trend of the
economic losses caused by various pollutants and the health
effects were basically the same. According to the statistics of the
Statistics Bureau, the GDP of ZCity from 2015 to 2017 was 109.18
billion US dollars, 121.1 billion US dollars, and 136.27 billion
US dollars, respectively. The economic losses caused by various
pollutants in Z City were as follows: the economic losses caused
by PM2.5 accounted for 2.53%, 1.94%, and 1.47% of the GDP
of the year, respectively; the economic losses were 3.9 billion
US dollars, 3.5 billion US dollars, and 2.9 billion US dollars,
respectively, accounting for 3.60, 2.88, and 2.09% of the GDP of
the year, respectively; the health losses caused by SO2 accounted
for 0.47, 0.47, and 0% of the GDP of the year, respectively; the
economic losses caused by NO2 accounted for 0.54, 0.46, 0.38%
of the GDP in the year. Overall, the economic losses caused by
PM10 to Z City were greater than other pollutants, while the
economic losses caused by SO2 are relatively small, especially in
2017, and there were no losses caused by SO2
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FIGURE 5 | The trend of reaching standard rate of Z City’s air quality.

In general, with the improvement of air quality in Z City,
the corresponding economic losses also decreased accordingly.
Therefore, air pollution has a certain negative impact on the
economic development of Z City, and the economic losses on
urban transportation and construction caused by air pollution
cannot be underestimated at the same time. It is imperative
to control air pollution and alleviate the economic losses of
Z City.

GOVERNMENT PERFORMANCE ON AIR
POLLUTION CONTROL IN Z CITY

In recent years, because of the efforts from many parties, the
air pollution control of Z City has achieved certain results.
This aspect showed that in the strategic framework of China’s
“Twelfth Five-Year Plan,” the municipal government of Z
City developed the economy while vigorously improving
regional environmental quality, controlling air pollution,
making overall plans for regional economic, and environmental
development to improve people’s livelihood. Besides, Z City
Government strictly carried out the requirements of the
Ten Measures for Air Pollution Prevention and Control,
was committed to energy conservation and emission
reduction in Z City, and actively fulfilled the performance
assessment task of atmospheric environment remediation.
However, the control of air pollution will take a long
time. It is necessary to guard against arrogance and not
be in a hurry to succeed or violate the objective laws of
economic development.

Based on the relevant data of the Environmental Protection
Bureau of Z City and the Statistical Yearbook, this study
concluded that the air quality compliance status of Z City from

2013 to 2017 reached the standard (air quality reaches the Second
level or above) and analyzed the current situation of air quality
control in Z City, as shown in Table 9.

It can be seen from Table 9 that it took only 128 days to reach
the standard in the year 2013 in Z City, and the reaching rate was
35.10%. In 2014, the time of air quality reaching the standard in Z
City was 163 days, which was 35 days more than in 2013, and the
reaching rate increased by 9.6%. In 2015, the air quality of Z City
deteriorated, and the time of air quality reaching the standard was
only 138 days, which was 25 days less than that of 2014. In 2016,
the air quality of Z City improved compared with the previous
year. In 2016, the time of air quality reaching the standard was
159 days, which was 21 days longer than that in 2015, and the
reaching rate increased by 15%. In 2017, the time of air quality
reaching the standard in Z City was 201 days, which was 42
days more than the previous year and the growth rate was 26%.
Overall, in the 5 years, Z City’s air quality standards and reaching
rates have shown an increasing trend, which indicates that the
government and relevant departments of Z City have paid much
attention to the air pollution control process and achieved certain
results. Especially in 2017, the government’s efforts and results
in air pollution control were even more obvious than at any
other year.

According to Table 9, the line chart shows that the annual
variation trend of the Z City’s air quality reaching rate can be
analyzed more intuitively.

We can see from Figure 5 that during the period from 2015 to
2017, the air quality reaching the rate of Z City has been basically
an upward trend, reaching an optimal level in 2017. When the
economic growth of Z City was improved during the 2 years, it
also paid attention to the treatment of air quality. Therefore, the
policies and regulations on air pollution control and air pollution
prevention and control in the past few years have important
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referential significance for better prevention and control of air
pollution in the future.

CONCLUSION

This study comprehensively analyzed the emission of air
pollutants, the variation trend of pollutant concentration, the
causes of pollution in Z City, and the health status of residents in
Z City, evaluated the health hazards and economic losses caused
by air pollution in Z City, and helped the residents to have a
deeper understanding of the harm of air pollution, and improve
the awareness of self-protection. In the past few years, the air
quality of Z City is worrying, but the government of Z City, the
enterprises, and the people of Z City are very concerned about
air pollution. With the joint efforts of all sectors of society, the
emission of air pollutants in Z city has gradually decreased, the
concentration of air pollutants has decreased, and the air quality
compliance rate has increased year by year, showing a trend
of improvement. Combined with the health damage assessment
caused by air pollution in Z City, the economic damage caused
by air pollution in Z city was evaluated. The research shows that
the causes of air pollution in Z city are multifaceted, including
geographical and meteorological factors as well as social and
economic development factors. Air pollution not only brings
inconvenience to people’s life, production, and work, but also
seriously threatens the health of urban residents, causing certain
economic losses and greatly reducing the happiness of residents
in Z City. Studying the current situation of air pollution control
in Z City and putting forward a feasible control suggestion

based on the research results contributes to improving the urban
environment of Z City and promoting its economic development.

In recent years, the Z City government has adopted a series of
strict control measures to strengthen the control of air pollution,
which has achieved certain results. The air quality is improving
day by day with a stable and positive trend, but the current
results do not reach the second-level standard of the national
environmental air quality standard. There is still a long way to
go to fight air pollution, and the environmental movement is still
in a tough position. Joint and constant efforts are highly required.
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The Belt and Road Initiative (BRI) can play a significant role in the sustainable development

of South Asia if appropriately implemented. Apart from the economic, trade, and cultural

benefits of this colossal infrastructure, less is known about its environmental impact on

South Asia. This study looks closely at the potential impact of the BRI on the South Asian

environment. This research is based on the government-issued environmental policies,

peer-reviewed literature, media articles, and reports. It has been suggested that the BRI

could have a negative impact on the South Asian environment, which provided if does

not consider the Paris agreement with its partners in the region. The study suggests

that partner countries should adopt the BRI project to the principles of environmental

impact assessment.

Keywords: Green Belt Road, CPEC, green technology, Paris agreement, South Asia

INTRODUCTION

Belt and Road Initiative (BRI) is an unprecedented investment of multi-billion dollars over 4.4
billion people of 138 countries connecting China with Europe through road and sea, such as the
ancient Silk Road. The literature has discussed its economic, geopolitical, and cultural implications
in detail in the context of South Asia, but less attention has been paid to its environmental
implications. Its activities (methods, practices, technologies, and chemicals) can be hazardous or
beneficial to the environment of South Asia.

It is fact that the first step of the whole BRI project is construction, whether these are
roads, rail lines, airports, seaports, dried ports, special economic zones (SEZ), industrial parks,
excavations, minings, gas pipelines, cement productions, or steel productions. All infrastructural
and constructional activities directly or indirectly affect the environment except Digital Silk Road,
Clean Silk Road, and Green Silk Road. Besides that, mega constructions are full of risks and
uncertainties qualitatively and quantitatively and produce a considerable volume of waste and
energy emissions, which are harmful to the environment (1).

World Bank report says about BRI environmental impact that “such kind of large transportation
projects exposes countries and local communities to environmental and social risks as BRI routes
passing through Cambodia-Kyrgyzstan-Laos increased carbon dioxide (CO2) emission 7% in total
[(2), p. 7].” Considering that BRIs are still spreading status, the researchers, Governmental and non-
Governmental organizations are worried about its environmental implications. For South Asian
partner countries, it will be a challenge to foster their economies while protecting their environment
by applying policies such as “Green Belt and Road” and “Ecological Civilizations” as adopted by
China (3).
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It is about ever-growing scholarship on BRI’s environmental
aspect that did not heed opportunities associated with
environmental challenges. This paper aims to contribute to
the extant literature and debates about the ecological impact
of BRI on South Asia. The specific focus is to investigate the
environmental gray areas and suggest potential green technology
(GT) and policies to the partner countries to counter the negative
impact of BRI.

The article is divided into four sections to know the
implications of BRI in South Asia. The first section reviews the
overall environment of South Asia. Second, it assesses China’s
domestic environmental initiatives and its impact. Third, it
highlights BRI’s impact on the environment of South Asia.
Fourth, it elaborates the finding’s drawbacks and provides policy-
related recommendations to partner with China to bridge
environmental components with construction.

RESEARCH QUESTIONS

What are the possible Positive and negative impact of
construction? Then, how South Asian Economies can avoid
negative impacts of developmental works while carrying on
BRI projects?

BRI AND SOUTH ASIA NEED AND
IMPORTANCE

In spite of the high potential capabilities of business and
trade of South Asian countries, the unavailability of cross-
border infrastructure, non-connectivity, ineffective trade, and
the lack of cross transit transport facilities led the countries to
their minimum advantage [(4), p. 184]. Back in 2009, Asian
Development Bank (ADB) suggested in a study that from
2010 to 2020, Asia needs to invest more than $8 trillion in
transportation, power, telecommunication, water supply, and
sanitation on average $750 billion per year in more than 32
countries out of 45 countries of Asia [(5), p. vii]. Then in 2017,
ADB suggested $26 trillion for Asian development until 2030. In
which $14.7 trillion were mentioned for infrastructure, $8 trillion
for transportation, $2.3 trillion for telecommunication, $800
billion for water and sanitation, and remaining for energy and
power [(6), p. 6], [(5), p. vii]. World Bank made it clear that if the
infrastructure is available and the investors are interested, then
prosperity is inevitable, “the largest source of external finance in
many developing countries is an investment which has potential
to drive significant growth, it facilitates technological transfer,
promote market competition can create stable jobs, enhance
productivity and can provide a conducive environment for home
investments [(7), p. 17)].” One of the studies mentioned that
infrastructure is the backbone of mobility, every country requires
it, even if it is developed or underdeveloped, like if Germany
today did not patch to the idea of enhancing its infrastructure,
then it may lose its standard in the race of industrialization, and
if it joins BRI, it could renew its infrastructure as China did [(8),
p. 12].

The infrastructure and foreign investment helped the
developed countries, and they took advantage of free trade and
investments in infrastructure development and its maintenance
[(9), p. 301]. Asia can do the same with Chinese and other
investments, because it is becoming an essential destination for
the Global economy due to its fast growth potential. Asia needs
peaceful development for its economic revitalization, and for
that, BRI is the right choice at the right time [(10), p. 63]. Then,
according to World Bank, the BRI can be beneficial for job
creation and local skill development, especially in South Asia
[(7), p. 6]. The assumption of WB was verified with numbers
when President Xi Jinping confirmed that “BRI created more
than 200000 local jobs in the partner countries [(11), p. 61].”

It is assumed that BRI transport projects will increase trade
between 2.8 and 9.7%with the partner countries and 1.7 and 6.2%
for the whole world [(2), p. 14]. China is currently contributing
30% of share to the total global infrastructure, and according
to the Global Infrastructure Hub (GI-Hub), it is a moderate
investment, with continuity and fluctuations between electricity
and rail infrastructure. Chinese investment is similar to the
Global required average investment [(12), p. 76]. Although
demand for global infrastructure is increasing day by day, and by
2040 globally, there will be a need for more than $94 trillion for
infrastructural development [(13), p. 180]. World Bank further
mentioned that “BRI transport infrastructure can reduce travel
times for economies along the affected transport corridors by
up to 12 percent, reducing trade costs and increasing trade by
an estimated 2.8% to 9.7% for corridor economies and 1.7–
6.2% for the world [(7), p. 5].” Keeping in view the need and
expectation of BRI, one can say that it provides opportunities
for trade and investment. It will also create jobs and increase
consumption; besides that, it will develop infrastructure and
political association among China and partner countries. It will
have a significant impact on the economic growth of Asian
Economies along with other macroeconomic variables, such as
imports, political stability, and corruption (14). No doubt it may
bring dramatic changes to the life of unprivileged people, create
opportunities for better health, develop educational services,
and may improve social conditions, but such types of activities
may also bring their challenges, such as sustainability, climate
change, pollution, and other environmental implications [(5),
p. 3]. That is why detailed work is necessary to carry out its
environmental impact.

Before going into detail about the environmental implications
of BRI for South Asia, our paper tried to explain the difference
between Clean Silk Road and Green Silk Road. The earlier is
an initiative to control malpractices and ensure transparency.
In 2019, a Thematic Forum on Clean Silk Road of the second
Belt and Road Forum for International Cooperation was held in
Beijing, with the motto to fight against corruption under United
Nations Convention for BRI projects [See for detail (69)]. Green
Silk Road, as its name, is conveying greenery. It tries to make
all the activities under BRI environment friendly. Xi Jinping
Outlined Green Silk Road in these words “We should uphold the
concept of green development, advocate a low-carbon, recyclable
and sustainable lifestyle, and strengthen ecological cooperation
to make it a part of our life so that we can join hands in achieving
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FIGURE 1 | Higher numbers denoting insecurity, compared with Canada: (16).

FIGURE 2 | Higher numbers denoting insecurity, compared with Qatar: (16).

the United Nations Sustainable Development Goals by 2030 [See
for detail (15)].”

Overall Environment Issues of South Asia
Here, we present the region’s environmental sustainability,
energy security, and energy equity, to give us a clear picture of
South Asia’s BRI needs and anticipated risks. The energy security
(the resilience of energy infrastructure) of South Asian countries
is shallow; out of 101 countries, Bangladesh is 85, Nepal 94,
Pakistan is 83, India is 40, Sri Lanka is 55, and at the topper of
the ranking is Canada, which is number 1 (Figure 1).

South Asian countries, according to the World Economic
Council (WEC), criteria for energy equity (which is the provision
of universal access to reliable and affordable energy for home and
commercial use), are lower in rankings, Bangladesh 89, Nepal 88,
Pakistan 90, India 82, and Sri Lanka 74, respectively. The topper
in the list is Qatar, with number 1 (Figure 2). This chart shows
that the mentioned countries are in dire need of energy for their
domestic use.

South Asia for environmental sustainability is at high risk
because it emits numerous gases that affect air and water.
The energy consumption of South Asian countries is not
environmentally friendly and directly impacts climate change
(the detailed discussion in BRI and South Asia’s need and

FIGURE 3 | Higher numbers denoting insecurity, compared with Switzerland:

(16).

importance). Here, we showed a comparative environmental
ranking of South Asian Countries (Figures 3, 5).

South Asian Countries in the World Energy Council list
ranking of 2021 are at 87 Bangladesh, 96 Nepal, 90 Pakistan, 75
India, and 60 Sri Lanka. The first country for the overall ranking
is Sweden, with an 84.2 score in the 5th trilemma (healthy energy
the system, which is equitable and environmentally sustainable
and carefully managed) on energy security rank 19th on energy
equity ranking, and 2nd on environmental sustainability rank
[(16), Figure 4].

As compared to 2020, the year 2021 showed progress of South
Asian countries (Figure 5).

It is the fact that the environment has been affected by
economic development. First, it deteriorates the environment
by economic growth, and then, it improves the environmental
effects by improving technologies, rules, techniques, and
forestations. It is expected same from south Asia (17). Before
going into detail, we put here the present situation of the
South Asian environment through a comparative analysis chart.
According to the comparative Environmental Performance Index
(EPI), South Asian countries are prone to risks. Out of 180
countries, South Asian countries rank between 107 and 178
[Figure 6: (18)].

Here, we share the point of view of one of the respondents
of a qualitative study, who concluded that out of total BRI
projects, 22% is Hydropower, 19% is rail infrastructure, and 19%
is manufacturing, which is highly prone to the negative impact
on the environment (19).

China Domestic Environmental Initiatives
Chinese policy about the green environment is evident, which
is mentioned by Xi Jinping to the participants of the Belt
and Road Forum for International Cooperation in Beijing “We
should peruse the new vision of green development and a
way of life and work that is green, low-carbon, circular and
sustainable.” Efforts should be made to strengthen cooperation
in ecological and environmental protection and build a sound
ecosystem to realize the goals set by the 2030 Agenda for
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FIGURE 4 | Countries comparative chart of trilemma score.

FIGURE 5 | Countries year-wise comparision (2020–2021).

FIGURE 6 | South Asian Environment Performance Index (18).

Sustainable Development (SDG) [(20), p. 252]. GT, innovative
ideas, green trade, financing, and investment in green growth are
some mechanisms that can accelerate achieving SDGs. Sources

claim that the Chinese government is determined to provide
financial help in implementing the Paris agreement to BRI
countries (3).
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But the question is how many countries of South Asia
are intends to implement Paris agreement for green agendas.
Xi Jinping made a speech to the Central Committee of the
Communist Party of China for the 13th five-year plan, for
economic and social development, at the Fifth Plenary session of
the 18th CPC Central Committee in October 2015, where he said
that we must promote effective control of ecology and address
growing resources constraints, serious environmental pollutions,
and ecological degradation. He further explained that “we need
to save energy, water, land resources, reduce pollutant emissions
and raise the growth level model by Green Economy [(21), p.
421].” It gives a complete picture to the BRI partner countries
of South Asia that they can also consider the “dual control”
and avoid hazardous emissions. The green shift is necessary to
develop a beautiful China by phasing out of polluting industry
and reducing emissions by restoring degraded ecosystems (22).
By passing the environmental protection act and imposing a ban
on China’s natural forests in northeastern provinces (22).

THE IMPACT OF THE CHINESE IN-LAND
ENVIRONMENTAL POLICIES

Chinese investment in environmental regulations can induce
innovation in cleaner technologies (23). Some Chinese banks
under the environment protection bureau can halt the loans
or grants if their activities threaten unfavorable environmental
outcomes for other countries. That is how they can reduce
water pollution. One study found that firms were compelled to
use end-of-pipe treatment since the imposition of this policy,
long-term pollution, can be constrained (24). China uses too
much fertilizer to produce enough food to feed 20% of the
world’s population. However, that resulted in air and water
pollution. Some policies were adopted to counter exacerbated
use of fertilizers and their non-organic nutrients. Fortunately,
that showed a positive change in some municipalities such
as Shanghai 2004, Jiangsu 2006, Beijing 2007, and Shandong
2008. They enhanced organic waste utilization, which reduced
pollution. The government started more than 15 such initiatives
for green manures and organic fertilizers (25).

BRI Impact on the Environment of South
Asia
Belt and Road Initiatives will increase the environmental crisis
in already vulnerable environmental geographies (Figure 3) by
increasing the air and water pollution and may create water
shortage and soil erosion so severely that it can reduce the life
span of the participant country’s population (22). Nevertheless,
some studies argue that BRI will use excessive raw materials for
its large-scale infrastructure project, which may directly impact
the environment (19).

Another study concluded that continues economic growth
is not favorable to green growth (26). Raising how economic
growth can occur in under-developed or South Asian countries
of BRI can be favorable to green growth. The recent work
categorizes the primary reasons for environmental degradation
in chart form (27) (Figure 7).

FIGURE 7 | Triangle of environment causes.

Infrastructural Project Impact
The physical infrastructure directly impacts soil, air, medicinal
plants, and habitats; deforestation, emission of transportation,
and use of chemicals for construction purposes are decreasing
the greenhouse effect (3). Construction without BRI is also
going on in all countries. It is neither exhaustive nor exclusive,
but construction without environmental care may impact
related and non-related countries, demanding environmental
friendly policies.

However, the damage to the environment has been caused by
air pollution, climate change, shortage of natural resources, and
increasing waste generation, particularly from the construction
industry. These constructions contribute ∼36% of total waste
globally (28). South Asian countries have a poor history of road
construction, while in addition, the construction at hillsides saw
rock-falling, landslides, debris flow, snow avalanches, and road
closers. That all happened during the construction of the Panj
River in Afghanistan; however, it is not found that these caused
any deaths or property damages, but it is found that landslides,
debris flows, and rock-fall may damage the mountainous roads
(29). In the light of construction, it is found by a policy study that
40% of energy is being consumed by the real estate sector of total
global energy, that is why it is producing 20% of greenhouse gas
emissions around the globe, and by 2030, such kind of emission
will reach up to 56% (30).

Traffic, Gas Emission, and Its Environmental Impact
Due to traffic, there may be massive pollution of air and noise
depending upon the country’s transportation usage. However,
electric-powered rails may lower air pollution and greenhouse
gas emissions if BRI particular roads are used. On the other hand,
the existing roads in BRI countries did not have the capacity
for green transportation [(2), p. 111]. How the roads and its
traffic under BRI will affect the environment in hilly areas has
been portrayed by one of the scholars in these words that “A
truck carries Goods from China through poorly maintained
Pamir Highway (M51) to Tajikistan, will block the road while
creating noise and dust pollution, is an addition to the already
environmentally challenged area (29).”
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FIGURE 8 | Sources of air pollution in Pakistan.

China is moving toward a green economy by imposing bans
on environmentally risky activities such as deforestation and
polluting industries. However, it produces chances for China to
outsource these industries or relocate to the partner countries,
which is not under Chinese environmental laws jurisdiction
and are contagious for ecological pollution (22). It needs more
empirical research to prove that the flow of polluted air is not
going into the pollution-free area; otherwise, Chinese efforts of a
green economy will benefit less than they are expecting. It may
cause depletion of resources of all biotic and abiotic elements,
which includes air, water, soil, plants, animals, and other living
and non-living elements of planet earth (27).

The poisonous gases such as chlorofluorocarbon (CCl2 F2),
nitrogen oxide (NO), and carbon monoxide (CO) sent to the
environment are sent by industries and automobiles, which will
be increased in the coming days due to the BRI projects. However,
it will addmore pollution to the already polluted air of South Asia
because BRI will not only increase the economic activities but also
relocate people to developed urban facilities. One of the studies
found that urban population of 10% causes 24.7% emission of
household carbon as compared to the whole 46% population in
China, which causes emission 24.6% and that will increase till
2050 with the distribution of carbon inequality (31). Another
study supported this logic in these words that “due to the rapid
Urbanization and Industrialization, air pollution may emerge as
a significant global concern in decades, which may have adverse
impacts on health (32).”

For air quality, out of 106 countries, South Asian countries are
on top, Bangladesh 1, Pakistan 2, India 3, Afghanistan 5, Nepal
12, and Sri Lanka is on 30 numbers (33).

The reason for air pollution is considered the emanations of
automobiles, agricultural wastes, non-green industrial activities,
bricks furnaces, power stations, and fickle weather, which pollute
the air (Figure 8). It lowered the life expectancy by 2.7 years
in Pakistan compared to the WHO 2.2 years depending upon
quality air.

This study concludes concerning Pakistan that all industrial,
transportation, agricultural, and domestic emissions can lead to
respiratory and cardiac risks. The country’s policymakers may

minimize the respiratory risks by adopting rational decisions
and may take help from the Chinese experiment. Since the
anti-pollution policy of 2014, air pollution has dropped by
32% (32).

The industries installed at SEZs, automobiles, and other non-
green emissions may have the same impact on green growth
as those rich GDP countries (26). Then, imagine developing
countries and their stagnant economies and the countries of
South Asia which are already polluted countries (33). Can they
avoid BRI’s infrastructure development, trade, and investments
negative impact on the environment which may outweigh its
economic returns? BRI has direct and indirect impacts on the
environment. The greenhouse gas emission from energy projects
and transportation of infrastructure may generate more complex
risks to the environment [(2), p. 111], which has been concluded
in the context of developed countries that emissions may reduce
the sustainable development and natural resources (26).

In the BRI package, there are projects related to agriculture
and farming, considered the backbone of South Asian economies.
However, the new agriculture technologies use much fertilizer,
which is regarded as causation of soil degradation. BRI planners
for farming must learn from Indian episode where a study
showed that most soil erosions, salinity, and general loss of fertile
lands occurred due to agricultural fertilizers (27).

Most of the South Asian part of BRI depends on coal
power projects which are higher in greenhouse emissions. One
respondent mentioned to one of the survey team about its impact
on the environment in these words that “I am leading one of these
projects, which has a very high emission rate and causing the life
of people in danger in surrounding areas. I mean, it is putting
peoples’ life at stake, but we do not have any proper mechanism
in place to handle this. There is a very high emission rate among
many other small projects that run under BRI. There are no
international standards in place to assess the overall impact of
such projects on human life (19).”

Impact on Wildlife and Biodiversity
The infrastructure may disturb wildlife’s normal movement
and matting, which particularly hinders their migration.
Construction noise or lightning pollution and deforestation may
have an impact on nature. BRI in South Asia needs to consider
the timings of matting and migration of wildlife. Retaining
trees and hills is necessary for wildlife [(2), p. 118]. BRI in
South Asia passes through biodiversity hotspots of Indo-Burma,
mountains of Central Asia, Himalaya, Mountains of Southwest
China, Indian Ocean, Western Ghats and Sri Lanka, wilderness
and conservations areas such as Coral Triangle in Southeast
Asia. It is assumed that BRI activities will disrupt biodiversities,
such as habitat loss, fragmentations, invasive species, and
illegal poaching and logging (34). In the pre-BRI world, fish,
birds, mammals, amphibians, and reptiles have decreased 58%
since 1970. However, this situation demands urgent action for
sustainable future (35). The sea traffic is also contagious to
produce water pollution and disruption of invasive species, which
consequences may be seen in decades to come, that is why
BRI countries must retain the biological diversity convention
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FIGURE 9 | Biological diversity target for the year 2011–2020 (34).

of protecting 17% terrestrial and 10% coastal and marines (34)
(Figure 9).

The traffic not only by land and air will increase, but will also
through the sea, becauseWorld Trade Organization data for 2018
show that international trade has been increased up to 1,700% in
volume by shipping facility and due to the BRI, the further growth
in the maritime business is inevitable (36).

Here is another risk of increasing emission of SO2; the
comparative study of Yangtze River Delta for Shanghai and
Suzhou, Ningbo, and Nanjing showed that instead of using the
Emission Control Area (ECA)’s Policy, the policy in earlier area is
effective up to 1%. In contrast, the latter area did not produce the
same results (37). The findings reveal that, in the heterogeneous
community of South Asia, the implementation of ECA will be
a Herculean job. In the context of BRI, it is observed that the
increase in ships traffic will increase ships emission (37).

It may threaten that drinking water, agriculture, and
particularly fisheries may face decline due to water pollution (27).
To control SO2, the International Maritime Organization (IMO)
carried out comprehensive legislation, including establishing
ECAs and particular navigational areas (37) to reduce ships’
emissions. For that, “(38)” introduced more strict rules for
minimizing Sulfur in ships’ fuel down to 0.50% m/m, which was
3.5% previously. Because IMO concluded that SO2 is harmful,
may cause respiratory, cardiovascular, and lung diseases to
humans, and may also cause acid rain, which may affect crops,
forests, aquatic species, and ocean acidification (38).

As it is assumed that the shipping freights will increase under
BRI, the empirical data show that out of the world’s 49 busiest
ports, 16 ports are of China (consult Appendix A). Targeted
seaports in South Asia (Port Qasim, Hambantota, Chittagong,
and the Maldives) are not fully prepared to handle such heavy
traffic from their Chinese counterparts. Otherwise, traffic is likely
to increase. The sea freights will bring their benefits and risks, but
future emission control is significant for the region (39). Keeping
its unprecedented development in mind, WWF concludes that it
will substantially impact biodiversity and natural resources (40).

WWF Policy for BRI
The reports of (35, 40) indicate that BRI may impact biodiversity.
That is why the countries need to develop a detailed mapping
and analyze it before BRI executions. For this, China is ready
to cooperate with partner countries, said by Minister of Foreign

Affairs of China (40). WWF reiterated the concept of ecological
civilization of China and Sustainable Development Goals (SDGs)
signed by 193 UN member countries as policy instruments
for BRI partner countries. Governments need to direct
significant investment under BRI to ecological and renewable
energy infrastructure. WWF is continuously contacting Chinese
authorities to make BRI more green [Detailed recommendations
(40)]. However, countries individually are also required to follow
all international environment-related agreements.

Geographical Coverage
Asia is divided into six regions, that is, (i) the South Pacific,
(ii) Northeast Asia, (iii) Central Asia, (iv) West Asia, (v)
Southeast Asia, and (vi) and South Asia [(41), pp. 137–138]. This
paper is limited to the Geography of South Asia; the countries
are Afghanistan, Bangladesh, Bhutan, India, Maldives, Nepal,
Pakistan, and Sri Lanka. It covers Silk Road Economic Belt
(SREB), and 21st Century Maritime Silk Road. The combination
of both is called the BRI. Through Bangladesh-China-India-
Myanmar Economic Corridor, Bangladesh, Bhutan, India,
Myanmar, Nepal, and Sri Lanka will be connected with China.
While through China Pakistan Economic Corridor, Pakistan and
Afghanistan will be connected with China (Figure 10).

Excessive Use of Natural Resources
Keeping in view one of the aims of BRI is “to build road and
rail,” it is understood that it will build an extensive infrastructure,
which will take much raw material from the host countries.
Besides, other sources such as water and natural sources will
be used in huge volumes, which may minimize the sources of
energy (19).

Production of Massive Waste
One of study in the South Asian context defined waste
management in these words “garbage, refuse, sludge from
a wastewater or water treatment plant, or air pollution
control facility and other discarded material, resulting from
industrial, commercial, mining, and agricultural operations, and
community activities (42).” Our study added with that definition
the classification of waste by Lauritzen, 1994 (a) extraction and
processing of raw material, (b) production of building material,
(c) construction waste, (d) waste from maintenance and repair,
and (e) demolition waste (43).

One study concluded that waste would increase in Asia
and Africa because of population growth, migrations, rural
and urban developments, and raced for economic development.
Globalization and shift of production from developed to
developing countries may raise waste of industrialization (44).
The waste situation in South Asia is already alarming. It is
producing 334 million Metric tons of solid waste, ranking it
3rd in the world waste ranking (45). Waste will be doubled in
2050 reaching 661Mt in South Asia (46) (Figure 11). Excluded
the dominant waste which is produced from soil excavation,
timber, and reinforcing bars when construction projects are
implemented (43).

How waste is hazardous to climate, “one kilo of methane
(CH4) has similar effects of 28 Kilo Carbon dioxide (CO2),

Frontiers in Public Health | www.frontiersin.org 7 April 2022 | Volume 10 | Article 876606243

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Ali et al. BRI at South Asia: Environment

FIGURE 10 | 21st Maritime in South Asia [re-developed, Map (68)].

FIGURE 11 | Reproduced with the help of World Bank data (46).

and the same value is used for methane emission (47).”
Moreover, CH4 emission from anaerobic decomposition of
organic waste at disposal sites is estimated 3% of total emission in
2010 (44).

According to the World Bank 2018 predictions, South Asia
will produce 466 million tons of waste in 2030 and 661 million

tons of waste in 2050, which will be second after East Asia and
pacific with the total of 714 million of tons (46).

Sources showed that the waste mentioned above would
increase, producing risks and opportunities for the South Asian
economy and environment (See Increase per year in Table 1).
The is lump-sum data and cannot determine how much
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TABLE 1 | South Asian Countries waste Production per year.

Sr. No Country Name Solid waste per year Increase per year

1 Pakistan 49.6 Mt (2021) 2.4% (62)

2 Bangladesh 78 Mt 2025 (2014) 6.4% (63)

3 India 62 Mt (2018) 4% (64)

4 Nepal 2231 Mt (2020) 6.1% (65)

6 Afghanistan 44 Mt (2016) (48)

7 Sri Lanka 4.6 billion 3.5% (66)

8 Maldives 365,000 Mt (2017) 0.8% (67)

9 Bhutan 52 Mt 2016 1.5 % (48)

This table is developed with the help of online sources mentioned in the table.

industrial, constructional, and demolition waste is expected
categorically. Except from Indian sources, where the government
started the classifying waste based on the rules passed in 2016
(48). What can be the possible risks of non-managed waste?
Different studies come up with multiple warnings like one
study mentioned that it can damage public health, environment,
business, tourism, industrial productivity, and economy. The
Global Waste Management Outlook (GWMO) mentioned that
“the economic loss to society of inaction are 5-10 times higher
than the financial costs of proper waste management (44).” Some
countries are trying to burnmunicipal solid waste, another source
of hazardous CO2, CO, SO2, and NO2 (49). However, there is a
popular view that BRI infrastructure will affect the environment
negatively by affecting air from solid waste.

ENVIRONMENTAL IMPACT ASSESSMENT
AND BRI

Environmental impact assessment is a set of principles with
some variations from country to country, where countries
seek upfront approval of any constructional proposed project,
for its ecological and biological effects, on biodiversity, soil,
water, air climate, and landscape (50). In Pakistan, EIA was
introduced in 1983 and was further strengthened by the Pakistan
Environment Protection ACT of 1997, but despite its Regulation
of 2000, it did not evolve satisfactorily. The reasons have been
highlighted by a study “inadequate capacity of EIA approval
authorities, deficiencies in screening and scoping, poor EIA
quality, inadequate public participation and weak monitoring
in Pakistan (30, 51).” It is anticipated that EIA will provide
information about the new projects, programs, policy, or plans
through a systematic procedure, which project developers and
administrative cadres for quality decisions by identifying its
impact on the environment (30). However, it is not available in
any research on EIA within Pakistan that it has been considered
for CPEC in advance; however, the Ministry of Climate claims
that it participated in the meetings of the Shanghai Cooperation
Organization (SCO) to ensure environmental resilience for
CPEC [(52), p. 14]. Environmental Protection Agency (EPA)
has been working since 1997, and to date, February 2022,
it has published online more than four-yearly books and 26

environmental impact assessment hearings and reports but none
of the activities mentioned CPEC or its related projects giving
NOC (53) . However, ministry reported its staff meetings in
CPEC-related activities (54). However, EIA is ongoing process
and EPA of Pakistan may need to mention in their review about
the environmental impact of CPEC-related projects, to guide
the related ministries on time, and avoid maximum damage of
unseen hazardous installations.

Contrary to that, Nepal is taking very detailed EIA and
governmental approvals (55) that was observed during BRI
project selection when Nepal had a Choice of 36 proposed
projects, but out of that after meticulous considerations
and committees meetings, Nepal only selected nine projects
(56). Comprehensive EIAs and SEAs take time to develop
and can result in changes to the original plan, “all of
which can lead to project delays. China and BRI partner
countries are often reluctant to do anything that could slow
projects progress (3).” Interestingly, discussion with many
respondents reveals that the BRI will make it extremely difficult
for firms to conduct proper environmental assessments.
Respondents further contended that China “since the
inception of the BRI and even till now has issued very
robust and stringent requirements of proper environmental
standards. However, many firms have failed to adhere to
such stringent requirements imposed in the third-party BRI
countries (19).”

Some studies are of the view that BRI excluded the
environmental component of the project by excluding EIA,
and Environmental Regional Trade Agreements (ERTA). While
the earlier employed in many developmental projects across
the globe, and it is believed that EIA in the context
of Afghanistan is haphazard or unknown (29). However,
another study shows that EIA and Strategic Environmental
Assessment (SEA) have less consideration (22). As the Chinese
Ministry of Ecology and Environment, with the help of
ten other departments, including the Environment Protection
Bureau carries on the Environmental Impact Assessment.
which they divide into three categories of A, B, and C.
The project gets A means that it has significant adverse
environmental impacts, B represents the plan has limited
environmental impacts, and Cmeans a project with no ecological
impact (55).

OnChinese land, the phrases such as “Guidance on promoting
a Green Belt and Road” and “The Belt and Road Ecological and
Environmental Cooperation Plan” one may hear, which promote
a very strong pro-environment narrative, along with sub-slogans
such as low-carbon development, protect biodiversity, and
addressing of climate change (3).

In respect to China Green BRI, it uses all available
international and transnational podiums to build networks
for environmental protection, such as China-ASEAN, Euro-Asia
Economic Forum (EAEF), SCO, Mekong Cooperation, 17+1
cooperation, and 17 Central, and Eastern European countries
(3) but what about South Asia, did China used this platform for
environmental protection in South Asia. To date, there is no
evidence of Pakistan-China Environmental Cooperation Center,
Bangladesh-China Environmental Cooperation Center, Sri
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Lanka- China Environmental Cooperation Center, Afghanistan-
China Environmental Cooperation Center, and so on. At
the same time, on the other hand, there are Cambodian,
Laos, and African-China Environmental Cooperation
Centers (3).

GREEN TECHNOLOGY AND ITS
IMPORTANCE

Green Technology, Clean Technology (Cleantech), sustainable
technology, also called Environmental Sound Technology (EST),
are the combination of products, means, and ways that are
environment friendly or, in other words, have minimum or
zero contribution to pollution. The usage of GT may control
hazardous substances or convert that into harmless substances.
By a potential technology to reduce waste, cut pollution, produce
green chemicals (green laundry detergent), recycle products,
create green energy (from solar), and minimize fossil fuel
usage (57). Countries such as Australia, Canada, China, France,
Germany, Japan, Norway, South Korea, the UK, and the US
are moving toward green hydrogen as an alternative source
for energy, which has the lowest emission source (58). One of
the studies reworded green economy in these words “Green
Economy is a framework of efficient resources of lower carbon
emission, less damaging to the environment and more socially
inclusive of societies (59).”

Investors around BRI in South Asia should know that green
inventions and clean technologies are demanding businesses in
days to come, particularly near the BRI route. It will be beneficial
for South Asian countries economically and environmentally to
have GT because, on the one hand, it will bring investment and
technologies to the area. In contrast, it will produce ecologically
friendly products and environmental sensitization. BRI countries
of South Asia may use solar cells for energy purposes for the route
and its related activities, such as lightning and charging. They are
providing a reusable water bottle (because GT products demand
is on the rise), installing solar water heaters for kitchen and
bathing use, and for cleaning water. Installing wind generators
at high altitudes at BRI routes and installing rainwater collectors
are some of the environmental friendly energy production and
natural resources preservation techniques for BRI countries (57).
South Asian economies may establish Climate Innovation Center
(CIC), and it is an intervention of green business, “builds
innovation sites to ameliorate small business start-ups allies
to the application of GT, as established at South Africa (59),”
which can foster business around BRI in an environmental
friendly approach. The mutual relationship between GT and
BRI is relatively straightforward. The latter’s focus is overall
development, while the earlier covers transportation, energy,
water, material, productions, and services (60). These sectors are
also under the direct focus of BRI in partner countries.

FINDINGS

It is found that Pakistan will emit more COx, NOx, SOx,
hydrocarbons, and dust particles because of brick kilns coal

use. The emission will increase above 34.3% because Pakistan
planned to construct more coal-based plants under CPEC,
which will harm soil, plants, and amenity. The Ministry of
Environment of Pakistan concluded that if the heat increase
has not been stopped, the fall of crops and their lifecycle
is in danger. Soon, southeastern Pakistan will be unable to
produce wheat. However, innovation can minimize industrial
process emissions and energy consumption of the construction
component of manufacturing by automated solutions, reducing
risks to health, environment, and economy. Our study finds
that to minimize the heat produced by the construction, one
can use digitalization in construction at the workplace and
constructional activities. It is the responsibility of both the host
and partner countries of BRI in South Asia to adopt biodiversity-
friendly policies while implementing the corridor activities or
consider the recommendation of WWF for BRI (consult BRI and
WWF section).

SUGGESTIONS

The solution to all environmental problems is in adopting
a green growth strategy; a study on higher GDP countries
concluded that green growth (ecological protection) provides a
pathway to combat environmental issues and the use of natural
resources (26). Otherwise, climatic changes and environmental
degradation will affect Belt and Road Developmental plan in
all South Asian countries. If all the participant countries are
genuinely after reducing poverty, they must consider the climatic
and environmental hazards of the BRI (27). This study suggested
that the mentioned countries manage their economic activities in
ecological ways. Some authors relate it to an alternative source
with the help of technology, “which may reduce fossil fuels and
demonstrate less damage to the human, animal, plant health
(61).” BRI partner countries must use GT, which is beneficial in
reducing waste and pollution from production and consumption.
BRI can avoid an environmentally sensitive area by an alternative
route [(2), p. 118].

To halt the increase in waste production, sound waste
management is required among the South Asian countries, first
to focus on regulations and reforms and then partnerships,
co-financing, and development of toolkits for global waste
management, because local or national government cannot
tackle it, it needs an international all over the coordinated
plain, which may be supported by international aid or climate
funds (44). BRI majority activities may become the reason
for creating more heat and environmental issues because of
its projects related to energy, transportation, constructions,
Industrial activities, agriculture, and food (consult Appendix B).
Here, we have taken CPEC as a sample for Bangladesh,
China, India, Myanmar (BCIM) Economic Corridor, and
Nepal-China-Trans-Himalayan Multi-dimensional Connectivity
Network. Bellow pie chart indicates that Pakistan will produce
more environmentally hazardous gases by installing 83% of
mentioned industries in the coming days. Without bellow
mentioned industry, Pakistan is on 142 on EPI list out
180 countries (18).
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FIGURE 12 | Expected industries SEZs in Pakistan (consult Appendix B for detail).

FIGURE 13 | Conceptual representations of How BRI in South Asia can affect the society and environment by heavy constructions and repair of roads, lines,

excavations, wastes, building erections, air ports, and sea port constructions.
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Figure 12 is developed with the help of the available list
of industries on the CPEC official Website, but the data are
overlapping and repetitive that is why we segregated data in
the sectors as mentioned above and placed it into 14 different
categories. There are eight countries on BRI in South Asia; if
all of them establish 4 SEZs with the mentioned industry, then
the graph of the polluted environment of South Asia will grow
stronger than anticipated by World Bank. Here, we excluded
Power Generation and Infrastructure, which differ from country
to country. It is learned from Central Asian reports and studies
that Governments of South Asia should ensure that the roads are
appropriately located, designed, and maintained in mountainous
areas, and the focus should be on sustaining environmental
attributes as compared to economic benefits of local
people (29).

If the project is implemented without proper EIA, then it may
pollute water and air. Due to deforestation, wildlife and herbs are
prone to vulnerability, and it may cause natural calamities.

CONCLUSION

South Asia is in dire need of infrastructure and construction
for economic development, and China is filling that gap
through BRI; however, this study finds that it will increase
heat, air pollution, noise pollution, water pollution, and
deforestation, disruption of traditional agriculture, exposure
to natural disasters, and migration of communicable diseases
(Figure 13). These mentioned risks can be mitigated by two
simultaneous approaches to ensure EIA for every proposed
project under BRI and maximize GT’s usage. China must peruse
South Asian partners to fulfill the requirements for the BRI
project under the Paris agreement. Our study gives empirical
evidence that in the future, a percentage of emission is expected

from the construction around BRI, but we cannot guess the actual
amount of percentage because of no availability of factual data
about buildings, companies, housings, and other construction
within SEZs of South Asia (consult Appendix A, where only
names are mentioned, but there is no number). Other initiatives
of south Asia such as BCIM and Trans-Nepal and Himalayan
corridorsmay follow the same environmental implications unless
adapted to the EIA toolkit. Hypothetically assume that all eight
countries of South Asia have full swing operational BRI, then
image consumption of energy. Is it increasing or decreasing? If it
increases the usage of energy, then, without doubt, it is decreasing
green growth.
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In the global business environment, sustainability has become a competitive priority

of most enterprises. Sustainability as a differentiation approach enables organizations

to compete in today’s environment. However, despite the increasing adaptability

to sustainability practices, pharmaceutical supply chain management is still facing

challenges in preserving the global environment. The study contemplates the impact

of sustainable supply chain strategy and sustainable competitive advantage while

considering the mediating role of sustainable supply chain practice and moderating role

of sustainability inhibitors. The data was collected from the 180 employees working in

the pharmaceutical companies of Pakistan. The study applied a quantitative approach

for testing a theoretical model, using discriminant validity analysis, assessment of

measurement model, composite reliability & validity analysis to assess the dimensions

and model’s reliability and validity. The study results show a positive relationship between

sustainable supply chain strategy and sustainable competitive advantage. Sustainable

supply chain practice mediates the relationship between sustainable supply chain

strategy and sustainable competitive advantage, while sustainability inhibitors strengthen

the relationship between sustainable supply chain strategy and sustainable supply chain

practice. This study will help managers develop impactful sustainable supply chain

management practices that will lead to sustainable performance.

Keywords: sustainable supply chain, strategy, sustainability inhibitors, sustainable supply chain practice,

sustainable competitive advantage

INTRODUCTION

Significantly, in recent years, the issue of sustainable development has become a fast-growing
phenomenon, gaining the interest of global businesses and communities. As a result, today, the
accelerating market competition and progressing globalization have drastically altered the supply
chain demand, leading the government and stakeholders to encourage the integration of sustainable
practices. Substantially, this developing concept led organizations to design business strategies (i.e.,
social, economic, and ecological), thereby focusing on supply chain sustainability (1).
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Indeed, today’s market instability has profoundly called
organizations for sustainable development. This current scenario
has encouraged most companies to embrace sustainable supply
chain strategies (SSCS) for achieving their business targets. In
explaining this notion, the research shows that, in supply chain
management, designing a sustainable business strategy helps the
organization achieve its business objectives (2). Accordingly,
a sustainable supply chain framework indicates that firms’
strategies help them achieve sustainable goals and management
support (3). Perhaps, understanding the significance of growing
sustainability inspires the management to focus on developing
sustainable strategy designs (4). Hence, this sustainability idea
demands organizations to integrate sustainable supply chain
strategies across the organizational levels. SSC makes the
organizations serve different sustainability dimensions (i.e.,
social, economic, environmental), thereby making the firm hold
an invincible market position (5). Therefore, in studying the
impact of sustainable strategy, it has become imperative to
recognize its link with a sustainable competitive advantage.

Additionally, in the strategic alignment to SSCS, the
sustainability concept allows the firms to achieve a distinct
advantage, matching the firms’ business goals. The sustainable
competitive advantage (SCA) fosters the companies’
performance, thereby making organizations outperform their
peers. Given the articulation, the study shows that the enduring
competitive advantage improves firms’ performance, financial
outcomes, and employees’ commitment (6). Furthermore, the
company’s strategic tool (i.e., SCA) also encourages achieving the
triple sustainability dimension (i.e., economic, social, ecological).
Given the statement, the study shows that companies embracing
supply chain strategies achieve a superior advantage in the hyper-
dynamic business environment (7). Altogether, this concept of
balanced sustainability increasing adds to the firms’ value, thus
ensuring long-term advancement and competitiveness (8).

However, besides the growing sustainability advantage, the
medical industry is still encountering challenges regarding
supply chain stability. The pharmaceutical division is the most
lightened industrial sector that demands sustainability in serving
humanity. The pharmaceutical bestowed the responsibility to
deliver life-saving products to humanity. Given the articulation,
the study shows that the industry’s production (e.g., material,
products, services) extensively influences societies’ wellbeing
(9). In particular, the medicine industry holds a prominent
position among the global economies, highlighting the need
for enduring strategies. In serving society, the literature shows
that pharmaceutical companies are increasingly facing problems
such as medical waste, thus requiring the need for sustainable
strategies for securing the global environment and societies’ (10).
Perhaps, based on this statement, the prior study shows that
the pharmaceutical sector concerning the supply chain remains
underdeveloped (11).

In particular, sustainability, the foremost agenda, elevates
the need for firms’ sustainable practices. SSCS plays a critical
role in promoting sustainable practices. It serves as the ground
for developing SSCP, thus achieving organization goals (12).
Moreover, SSCPs make the organization achieve a multi-
dimensional sustainability purpose. Given the explanation, the

study states that sustainable practices ensure firms’ enduring
performance (e.g., eco-friendly practices, green products) (13).
Similarly, the study also states that these positive sustainability
dimensions improve the firms’ practices (14), thereby achieving
an enduring advantage.

Moreover, in ensuring enduring practices, numerous
factors associated with firms’ stability require consideration.
However, without an adequate understanding of eco-friendly
inhibitors, it is difficult for organizations to evaluate their
sustainability practices. Sustainability inhibitors are naturally
occurring substances that limit the corrosion of intoxicant
materials. The intoxicant inhibitors are a barrier to achieving
firms’ sustainability. The usage of eco-friendly inhibitors
ensures an improvement in the environment (15). These latest
developments save humanity and the environment from harm.
Given the illustration, the study shows that different eco-friendly
alternatives (e.g., medicines, drugs, toxic-free chemicals) are
extensively adopted to enhance the firms’ sustainability practices
(16). Hence, organic inhibitors are an essential alternative to
improving firms’ practices (17). Indeed, the literature depicts
these sustainable inhibitors as the prime development of
today’s era.

However, in recent years, the initiative of sustainable
development has massively captured the attention of most
pioneer organizations. However, the literature indicates that
it has become difficult for the pharmaceutical industry to
sustain itself in today’s competitive environment. In particular,
the literature concludes that despite the increasing growth
of SSC, its importance in the pharmaceutical industry still
needs attention. Moreover, the above considerations demand
investigation in the medical sector compared to other divisions.
The literature states that sustainable supply chain practices are
of high complexity in the supply chain (18), which colossally
needs investigation.

Therefore, against this drawback, this study contributes to
SSCM by determining the impact of organizational sustainability
from a competitive advantage perspective. Significantly, this
study fulfills the research gap by investigating the relationship
between the sustainable supply chain strategy and sustainable
competitive advantage. Similarly, it also analyzes the mediating
role of sustainable supply chain practices and moderating role
of sustainability inhibitors nexus the relationship between SSCS
and SCA.

Fundamentally, this study is multidisciplinary research that
encourages implementing the sustainability concept in gaining
a competitive advantage. In particular, this paper extensively
shifts the focus of several scholars to sustainable supply chain
management. It is a significant study that incorporates the
concepts of supply chain and sustainability, thereby elevating the
need for achieving sustainable advantage. Moreover, it includes
the dimensions of sustainability under the supply chain context,
thereby making organizations understand the sustainability
approaches to improving the competitive advantage. Indeed,
this current understanding of SSC is of colossal importance to
organizations. It encourages firms to align their business practices
to the strategic plan of achieving long-term functionality.
Moreover, this study seeks the best approaches to enhancing the
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firms’ sustainability by suggesting the governments, stakeholders,
management, and organizations comply with environmentally
friendly strategies to gain distinctive advantages.

The first section introduces the research topic by defining
the research objectives and significance. Furthermore, the
literature review (i.e., Section Hypothesis Development)
presents the background of the study. In the same vein,
Section Study Methodology describes the research tools
and methods. After, the subsequent section documents
the study findings, with Section Discussion discussing the
outcomes in the light of empirical literature. Finally, the
paper ends with the conclusion, research limitations, and
future directions.

HYPOTHESIS DEVELOPMENT

Sustainable Supply Chain Strategy and
Sustainable Competitive Advantage
Over the years, the increasing globalization has massively
emphasized the adoption of sustainable supply chain strategies,
fundamentally opening new avenues in the era of increased
competitiveness. However, understanding this source of
sustainable competitiveness has led organizations to embrace
novel strategies for accelerating firms’ advancement. The
sustainable supply chain strategy is a robust strategical plan
that helps firms defeat the market rivalry, thus gaining a
sustainable competitive edge. Given the illustration, the study
states that the sustainability approach develops value across
the production chain, potentially discovering new sources for
distinctive advantages (19). Accordingly, the study appreciating
SSCS as a sustainable benefit states that in the supply chain
network, the sustainable strategies enable the organizations to
foster competitiveness, thus acquiring sustainable competitive
advantage (20).

In particular, the effective SSCS enables the firms to harmonize

their business activities, thereby strategically intensifying their

business position. Given the illustration, the research reveals

that the sustainability triple-bottom-line dimensions (e.g.,
social, economic, and ecological) make SSCS accomplish
a dominant position in the marketplace (5). As a result,

today, sustainability strategies have become critical to function
internally, thereby accomplishing the organization’s sustainable
goal (21). The key to gaining sustainability is to sustain
in the increasingly competitive environment, substantially
obtaining long-term competitive stability. In the supply chain
business environment, the SSCS facilitates a business operation,
proactively regulating market changes. Based on this statement,
the study shows that the SSCS provides competitive benefits
to the firms’, thus making them operate in a dynamic business
environment (22). Significantly, the SSCS provides a first-
mover advantage to the firms by getting ahead of other
firms (23). Hence, based on this literature, we conclude the
following hypothesis:

H1: Sustainable supply chain strategy has a positive and
significant impact on sustainable competitive advantage.

Sustainable Supply Chain Strategy and
Sustainable Supply Chain Practice
In recent years, the increasing environmental concerns have
made the sustainability practices receive management attention.
In the supply chain, ecological issues severely affect the
value chain system, thus demanding the need for effective
strategies and sustainability practices across the supply chain
network. Therefore, today, numerous firms have adopted SSCS
for improving ecological welfare. Given the articulation, the
study shows that the firms’ sustainability strategies reduce the
environmental cost, thereby maximizing the social welfare with
sustainable practices (24).

In particular, sustainable supply chain strategies assist
the firms in attaining the sustainable triple-bottom-line
dimension. In supply chain modeling, organizations’
enduring plans and sustainable practices devote to improving
the organizations’ function. Perhaps, understanding this
multi-dimensional sustainability helps companies to
support organizations’ practices with a sustainability
vision. The firms’ sustainability strategies lead to the
effective implementation of sustainable practices. For
this reason, many companies have started embracing
the concept of sustainable practices complementing the
firms’ sustainable goals (3). In the illustration, the study
shows that the SSCP makes the organizations achieve the
sustainability objectives by exhibiting superior organizational
performances (25).

Arguably, many issues elevate the demand for sustainable

approaches. In the pharmaceutical industry, to reach

sustainability standards, companies have realized the need
for sustainability practices to accomplish a business goal. The

effort to improve the competitiveness in the pharmaceutical

industry has made the organizations implement sustainability

practices, significantly minimizing the increasing impact of
ecological concerns (i.e., chemical waste, inhibitors) (25).
In particular, according to the world health organization,
the support of environmentally friendly strategic plans,
strategies, practices, and policies help the organization guide the
management, thus securing the environment (26). Consequently,
based on the prior consideration, we have developed the
following hypothesis:

H2: Sustainable supply chain strategy has a positive and
significant impact on sustainable supply chain practice.

Sustainable Supply Chain Practice and
Sustainable Competitive Advantage
Over the past decades, environmental sustainability has received
increasing significance in supply chain management. In recent
years, the high escalation of environmental deterioration has
made the stakeholders adopt eco-friendly practices for securing
the long-term advantage. The firms’ sustainable characteristics
(e.g., actions, policies, processes) help firms to obtain a
sustainable competitive advantage. Given the articulation, the
study shows that the adoption of SSCP makes the companies
encompass the sustainability dimensions, thus exhibiting high
competitiveness and superior organizational performance (27).
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Undoubtedly, competition is the most influential driver for
incorporating sustainability in the supply chain. Organizations
under its influence feel the pressure of adopting sustainable
practices for gaining a competitive edge. The sustainable
competitive advantage makes firms differentiate themselves from
their rivals. Indeed, SSCP plays a vital role in maintaining
market competitiveness. The sustainability practices enable the
organizations to outperform their competitors by focusing on
long-term stability. Given the illustration, the study found that
sustainable supply chain practices provide the company with a
sustainable competitive advantage with improved organizational
performance (28).

However, the business’s success largely depends on the
firms’ competitive benefit. By embedding the sustainability
practices into firms’ functions, the organizations can maintain a
differential edge over its peer. Accordingly, the research shows
that the SSCP enhances the firms’ strategic assets, thus leading
to SCA (29). Indeed, the supply chain sustainability practice
leverages the firms’ operations by providing competitive benefits.
Therefore, due to its increasing significance (i.e., SSCP), the
study suggests that companies should focus on sustainability
practices to maintain a differential advantage over the other
firms’ (30). Therefore, based on these systematic reviews, our
hypothesis states:

H3: Sustainable supply chain practice has a positive and
significant impact on sustainable competitive advantage.

The Mediating Role of Sustainable Supply
Chain Practices
Today, numerous organizations are increasingly facing
challenges regarding environmental deterioration. In such
a situation, the sustainability practices potentially help the
companies to neutralize the prevailing damage. Significantly,
the collaborative supply chain network exhibiting sustainability
development had reduced the ecological footprint spoiling the
motherland. Indeed, building on this concept, organizations’
have ensured establishing supply chain sustainability on
multiple levels for gaining sustainable competitive advantage
(31). Given the illustration, the study showed that the supply
chain had highlighted the demand for incorporating the
sustainable agenda in the business strategy, thereby exploring
the market benefits, performance indicators, and sustainable
advantage (32).

However, investigating this agenda in the pharmaceutical
company shows that SSCS makes the firms acquire long-
term stability and competitive advantage (33) with cleaner
practices. This strategy of boosting the firm’s sustainability
performance helps the organization recognize the significance
of developing sustainable supply chain practices. However,
developing sustainable supply chain strategies ensures the
development of sustainable practices, capabilities, and processes
driving the competitive advantage. Given the illustration,
the study shows that SSCS provides an enduring edge to
organizations by ensuring cleaner production practices (34). The
implementation of sustainable practices varies from organization
to organization. Sustainable practices improve the firms’ vision,

thus achieving higher competitive standards (35). In particular,
the sustainability practices enable the firms to take over the
market competition by providing a sustainable competitive edge.
Hence, from the prior study findings, we have inferred the
following hypothesis:

H3a: Sustainable supply chain practice mediates the
relationship between sustainable supply chain strategy and
sustainable competitive advantage.

The Moderating Role of Sustainability
Inhibitors
The international supply chain has increasingly faced
environmental issues that need human visibility. In particular,
these complexities have facilitated the need for environmentally
friendly approaches to balance the ecological footprint (36).
Ecological sustainability demands adopting sustainable practices
as the motivators for combating the barriers (i.e., unsustainable
inhibitors). Unsurprisingly, the pharmaceutical industry is
colossally affected by the adversity of intoxicate inhibitors,
which forms the foundation of poor economic stability. Given
the explanation, the study reveals that for combating the
unsustainable inhibitors, eco-friendly tools (e.g., technology)
had widely adopted, reducing the ecological waste, potentially
fulfilling is the fundamental goal of firms’ strategy (37).

Indeed, today organizations have widely emphasized the
implementation of sustainable inhibitors as a part of the firms’
strategy. Given the articulation, the study findings suggest that
management should invest in sustainable supply chain practices
(38) to minimize the adversity of unsustainable pollutants. In
contrast, the study shows that the sustainable supply chain
practice provides a theoretical lens to the firms’ enabling them
to relish the benefit of sustainability inhibitors (39). Accordingly,
in the supply chain, the pharmaceutical industry produces
considerable waste throughout the production process. This
excessive ecological burden (e.g., drugs and intoxicants) makes
the managers implement sustainability inhibitors throughout
the manufacturing process. The pharmaceutical model of
sustainability practices reduces the effect of non-value additions
activities, thus eliminating the waste. Given the illustration,
the study states that the sustainability inhibitors drive the
sustainability practices (40) to improve the socio-ecological
welfare. Subsequently, the hypothesis built on the above
consideration concludes:

H4: Sustainability inhibitors strengthen or moderate the
relationship between sustainable supply chain strategy and
sustainable supply chain practice.

Figure 1 shows the study’s theoretical framework
(independent, dependent, mediator, and moderator variables).

STUDY METHODOLOGY

Sample and Data Collection
The research adopted a survey research design to collect
data to investigate the influence of sustainable supply chain
strategy on sustainable competitive advantage, mediating the
role of sustainable supply chain practice and moderating the
role of Sustainability Inhibitors. Through the convenience
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FIGURE 1 | Conceptual framework.

sample technique, questionnaires were distributed among the
managers of 25 pharmaceutical companies located in Pakistan;
data was collected from January-February 2022. Approximately
250 managers were contacted and requested to participate
in this time-lagged study, whereas 180 complete responses
were received.

To control the common method bias, this research conducted
a time-lagged study with 15 days intervals. Responses on
sustainable supply chain strategy and sustainability inhibitors
were collected at time 1; after a gap of 15 days, responses on
sustainable supply chain practice were collected, i.e., time-2;
and after a gap of 15 days, data was collected on sustainable
competitive advantage, i.e., time-3. This research also applied the
common method bias using Harman’s single-factor approach.
The variance extracted using one factor is 6.835%, less than 50%,
indicating no common method bias in this study (41). Table 1
depicts the demographic characteristics of the study participants,
revealing 52% male and 48% female. In total 13% of participants
were in the age group 19–30; 28% were from 31–40. In total
36% of participants were Bachelor’s degree holders, and 36%
were master’s.

Measures
Sustainable supply chain strategy was measured using 3
item scale developed by Nayal et al. (42). Sample items
include: “The industry markets the same products with minor
variations as per consumer demand and trends of the market”;

TABLE 1 | Demographic characteristics.

Items Frequency (N = 180) (%)

Gender

Male 94 52.2

Female 86 47.8

Age

19–30 24 13.3

31–40 48 26.7

41–50 50 27.8

51–60 32 17.8

>60 26 14.4

Education

Intermediate 35 19.4

Bachelor 64 35.6

Master 64 35.6

MPhil/Others 17 9.4

Marital status

Single 34 18.9

Married 146 81.1

“The industry has relevant IT-related knowledge and skills
to adapt to recent sustainable market trends.” Sustainability
inhibitors was measured using 5 item scale developed by
Gopal and Thakkar (43). Sample items include: “Resistance
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TABLE 2 | Model fit and reliability and validity analysis.

Model fit Indexes

Fit Index Cited Fit criteria Results Fit (Yes/No)

X2 131.771

DF 129

X2/DF (44) 1.00–5.00 1.021 Yes

RMSEA (45) <0.08 0.011 Yes

SRMR (46) <0.08 0.0394 Yes

NFI (47) >0.80 0.938 Yes

IFI (48) >0.0.90 0.999 Yes

TLI (49) >0.0.90 0.998 Yes

CFI (50) >0.0.90 0.999 Yes

Alpha, composite reliability and validity analysis

Construct Items Loading Alpha CR AVE

>0.704 >0.7 >0.7 >0.5

Sustainable supply chain strategy SSCS_1 0.797 0.862 0.862 0.676

SSCS_2 0.851

SSCS_3 0.818

Sustainable supply chain practice SSCP_1 0.800 0.896 0.897 0.635

SSCP_2 0.822

SSCP_3 0.799

SSCP_4 0.797

SSCP_5 0.764

Sustainable competitive advantage SCA_1 0.832 0.915 0.915 0.683

SCA_2 0.811

SCA_3 0.827

SCA_4 0.844

SCA_5 0.818

Sustainability inhibitors SI_1 0.782 0.893 0.893 0.625

SI_2 0.793

SI_3 0.793

SI_4 0.796

SI_5 0.789

to technology advancement adoption” and “Unawareness of
customers.” The dependent variable sustainable competitive
advantage was measured using Nayal et al. (42) developed
using a five-item scale. Sample items include: “Application
of digital technologies and collaboration improves process
efficiency”; “The digitalized Supply Chain responsible for
improved collaboration and coordination improves flexibility.”
Five-point Likert scale ranging from strongly disagree to strongly
agree was used to measure the study variables. The mediating
variable of sustainable supply chain practice was measured using
a five-item scale developed by Gopal and Thakkar (43). It was
measured using five Likert scales ranging from 1-not at all
implemented 5-fully implemented. Sample items include: “Lean
practices” and “Eco-design practices.”

Assessment of Model Fit and
Measurement Model
Data cleaning and screening were performed before conducting
the reliability and validity analysis. Table 2 depicts the results of
model fit, reliability, and validity analysis. Results of CFA- four-
factor model depicts values within the acceptable range CFI =

0.999; TLI = 0.998; SRMR = 0.0394; NFI = 0.938; RMSEA =
0.011; hence confirming model fitness.

Figure 2 depicts the CFA - measurement model with a factor
loading of each item above 0.4 (as shown in Table 2), confirming
convergent and content validity.

RESULTS

Results of descriptive statistics (mean and standard deviation)
correlation and discriminant validity analysis of the study
variables are reported in Table 3. The result depicts values within
the range as suggested by Hair (51). As shown sustainable
competitive advantage is significantly related to sustainable
supply chain strategy (r = 0.641, p < 0.05), sustainable supply
chain practice (r = 0.594, p < 0.05) and sustainability inhibitors
(r = −0.239, p < 0.05). Similarly, sustainable supply chain
strategy is significantly related to sustainable supply chain
practice (r = 0.607, p < 0.05) and sustainability inhibitors (r =
0.142, p < 0.05).

Hypothesis Testing
Results of hypothesis H1 H2, H3, and H3a (mediation analysis)
is shown in Table 4. Hypothesis 1 states that sustainable supply
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FIGURE 2 | Graphical representation of assessment of measurement model.

TABLE 3 | Discriminant validity analysis (Fornel Larcker and HTMT).

Constructs Mean SD 1 2 3 4

1. Sustainable competitive advantage 3.44 1.026 (0.826)

2. Sustainable supply chain strategy 3.38 0.854 0.641** (0.822)

3. Sustainable supply chain practice 3.21 0.919 0.594** 0.607** (0.797)

4. Sustainability inhibitors 3.29 0.852 −0.239** 0.142** −0.054** (0.791)

*Indicates significant paths: **p < 0.001.

chain strategy is positively related to sustainable competitive
advantage with β = 0.484, p < 0.001; Hypothesis 2 states
that sustainable supply chain strategy is positively related
to sustainable supply chain practices with β = 0.693, p <

0.001; whereas Hypothesis 3 states that sustainable supply
chain practices are positively related to sustainable competitive
advantage with β = 0.320, p < 0.001. Hence Hypothesis 1, 2, and
3 are statistically proven. For mediation analysis, indirect effects
were calculated. Table 4 shows that sustainable supply chain
practices mediate the relationship between sustainable supply
chain strategy and sustainable competitive advantage with β =
0.222, p < 0.001. Hence hypothesis 3a is proved.

In line with hypothesis 4, the interaction term of
sustainable supply chain strategy and sustainability
inhibitors was significant (β = 0.315. p < 0.05). Moreover,

TABLE 4 | Hypotheses testing direct and indirect effect.

Hypothesis Direct

relationships

Std.

beta

Std.

error

T

values

P

values

H1 SSCS → SCA 0.484 0.09 7.126 ***

H2 SSCS → SSCP 0.693 0.04 13.846 ***

H3 SSCP → SCA 0.32 0.082 4.713 ***

H3a SSCS→SSCP→SCA 0.222 0.067 3.313 ***

*Indicates significant paths: ***p < 0.001.

Table 5 illustrates that the relationship between sustainable
supply chain strategy and sustainable supply chain
practices strengthens when sustainability inhibitors are low
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TABLE 5 | Interaction and conditional effects.

Hypothesis Interaction effects Std. Beta Std. Error T values P values

H4 Interaction SSCS*SI→SSCP 0.315 0.0634 4.968 ***

Conditional effects

Level of the moderator Effects Boot SE LLCI ULCI

−1 Std Dev 0.976*** 0.069 0.839 1.114

Mean 0.693*** 0.050 0.593 0.793

+1 Std Dev 0.410*** 0.070 0.271 0.547

*Indicates significant paths: ***p < 0.001.

FIGURE 3 | Interaction Effect SSCS*SI→SSCP.

(β = 0.976, p < 0.001). Figure 3 shows the interaction effect
of SSCS∗SIF0E8SSCP.

DISCUSSION

In recent years, sustainability has gained attention in business
studies and practices because of rapidly decreasing reserves,
concerns about wealth disparities, and firm social and
environmental responsibilities (52–54). Intense pressure
from various governmental authorities, consumers, suppliers,
partners, and local and global communities has encouraged
industries to include people, processes, and environmental
issues in recent business operations (55). Sustainable supply
chain management (SSCM) is a new and rapidly emerging study
topic for scholars and practitioners (56). Previous literature
reveals that organizations are developing and deploying the
best strategies for implementing SSCM practices and policies.
In this regard, an effort has been made in the current study
to establish a comprehensive framework for assessing the
relationship between strategies and performance, which may
be valuable to practitioners and managers involved in the
SSCM field. In short, this research investigates first: the
relationship between sustainable supply chain strategy and
sustainable competitive advantage; second: sustainable supply
chain practices mediate the relationship between sustainable

supply chain strategy and sustainable competitive advantage;
third: the moderating role of sustainability inhibitors between
sustainable supply chain strategy and sustainable supply
chain practices.

Mediation and moderation analyses were conducted using
PLS-SEM to check the proposed hypothesis statistically. The
results revealed that a sustainable supply chain strategy is
positively and significantly associated with sustainable supply
chain practices (β = 0.693, p < =0.05) and sustainable
competitive advantage (β = 0.484, p < =0.05); sustainable
supply chain practices are positively associated with sustainable
competitive advantage (β = 0.320, p < =0.05). Henceforth
hypotheses H1, H2, and H3 were accepted. Statistically,
results revealed that sustainable supply chain practice mediates
the relationship between sustainable strategy and competitive
advantage; in addition, sustainability inhibitors moderate the
relationship between sustainable supply chain strategy and
practice. Hence Hypothesis H3a and H4 are approved.

CONCLUSION

As a high pollutant with high waste and emission consumption
industry, the sustainable strategy will help pharmaceutical
supply chain managers improve their overall operations to
become smarter, more adaptable, and sustainable in the long
run, resulting in better company reputations and sustainable
competitive advantages. In the current research, an attempt
has been made to analyse the relationship between sustainable
supply chain strategy, sustainability inhibitors, sustainable
supply chain practices, and sustainable competitive advantage.
The findings derived from statistical analysis reveal that
sustainable supply chain practice mediates the relationship
between sustainable supply chain strategy and sustainable
completive advantage. In contrast, sustainability inhibitors
moderate the relationship between sustainable strategy and
competitive advantage. This study will help managers in
developing strategies that will promote sustainable supply
chain strategies.
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Small- and medium-sized enterprises (SMEs) play an important role in sustainable

development not only for their significant contribution to China’s economy but also

for their large share of total discharged pollutants. Despite the widely acknowledged

importance and benefits of environmental management accounting (EMA), the level

of adoption and implementation of EMA practice is still weak within SMEs in many

countries, especially in China. The current systematic review aims to identify the barriers

affecting the Chinese SMEs for adopting EMA practices along with the critical success

factors required for adopting EMA practices by SMEs and their top management for

ensuring sustainable corporate environmental performance in China. The study is carried

out following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines. In total, 73 articles were found to be eligible to be included in the

systematic review, which was published on EMA in small- and medium-sized enterprises

in China. Our study aims to document barriers to the adoption of EMA among Chinese

SMEs. The review concluded that strict legislation and the availability of flexible financing

options for SMEs can promote the adoption of EMA by SMEs. The establishment of

environmental reporting systems and auditing mechanisms can further increase the

utilization of EMA by small and medium firms. Barriers to EMA adoption can be mitigated

after careful consideration of the current situation in SMEs. Documentation of significant

barriers may help to form supportive policies which ultimately add to the efforts toward

climate change mitigation.

Keywords: small and medium sized enterprises (SMEs), environmental management accounting (EMA),

sustainable corporate environmental performance, China, systematic review
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INTRODUCTION

During the past two decades, a rapid evolution has been
observed in the industrial and corporate sectors among
the developed and developing economies. Along with the
introduction of services and products to ensure improved
standards of living, this evolution has brought upon a negative
impact on the environment as well. Increased emission of gas
from greenhouses, enhanced utilization of natural resources,
and augmented waste and toxins disposal have a major
consequence on climate change and organizational sustainability
(1). To improve global sustainability among organizations and
communities, different policies have been introduced and various
methodologies have been devised (2). One of the strategies being
adopted to ensure sustainability in recent years is environmental
management accounting (EMA) (3). The idea of EMA was
introduced in the early twentieth century by the Environmental
Protection Agency of the United States of America (USA) which
promoted its adoption by more than 30 countries through
the introduction of various initiatives related to environmental
management of the corporate sector and social enterprises
(4). It has been defined as an instrument that aims to assist
firms in managing environmental performance and reporting
environmental information to both the internal and external
stakeholders (5). The concept of EMA was developed due to
the environmental challenges faced by traditional management
accounting. It ensures to provide past-oriented information
based on a continuous recording system providing adequate
information for appraisal of investment and financial planning.
Financial along with physical information related to the impact
on the environment by an accelerated performance of the
business is gathered through implementing the principles and
strategies of EMA (6). The performance of a business in terms of
reducing environmental damage can be enhanced by using EMA
to generate financial and non-financial information. It allows
top management to develop an environment-friendly production
process and convert waste into products of market value (7).

Throughout the globe among developed and developing
countries, it has been observed that the regulatory policies
promoting environmentally sustainable economic activity have
usually focused on larger firms in the manufacturing sector.
But in the current decade, the attention has been increased to
the importance of small- and medium-sized enterprises (SMEs)
in promoting environment-friendly businesses. Awareness
regarding environmental issues and the relevant solutions has
been increased among the current corporate stakeholders, which
leads to their increased focus on the assessment of environmental
performance (8, 9). The sustainability threat among the firms has
led them to develop processes for identifying their impact on the
current environments (10). The rise in preference for sustainable
products and services by customers and the development of
legislation on the environment has evolved the firms to practice
eco-friendly organizational policies for ensuring competitive
functioning in the global market (11).

Larger firms are considered to be responsible for being the
driving forces behind climate change and the depletion of natural
resources. However, the newer small and medium enterprises

contribute to approximately more than half of the material
and energy resources utilization producing 64% of pollution
in European countries (12). It is necessary to assess SMEs in
their perspective since they are different from larger firms with
respect to the available amount of resources, corporate strategies
employed, drivers, and involvement level of stakeholders. SMEs
face certain hurdles that prevent them from engaging in
environmental practices, such as the lack of an appropriate
organizational structure, management culture, policy, and short-
term approaches to business that will support environment-
friendly approaches (13). Nevertheless, the heterogeneity of
SMEs helps them in adapting to evolving situations more rapidly,
taking advantage of new niche markets for sustainable products
and services with maximum environmental benefits (14).

Small- and medium-sized enterprises (SMEs) play an
important role in sustainable development not only for their
significant contribution to China’s economy but also for their
large share of total discharged pollutants. China’s economic and
enterprise reforms since the year 1978 have dramatically altered
the structure and dynamics of its enterprises. One of the most
remarkable changes during the entire reform process is the rapid
growth of SMEs (15). Each year, five million SMEs are registered
in China, representing at least a 10% year-over-year growth rate.
Since the economic reformation in China, SMEs have become
one of the driving forces in the economy. In China, the number
of SMEs is estimated to be over 38 million. In Beijing alone, over
3,100 industrial SMEs were generating more than 2.8 billion US
dollars annual revenue in 2017. Based on regional distribution,
68.58% of SMEs are located in the eastern part of China, 20.14%
in the mid of China, and 11.28% in the western part of China
(16). The distribution of SMEs in China shows that majority are
manufacturing units followed by wholesale and retail industries,
construction, and then transportation. China is utilizing a mixed
approach for ensuring resource-efficient and low-carbon path
SMEs. In the last four decades, more than 28 environmental
and resource laws, 150 national administrative environmental
regulations, 1,300 national environmental standards, and 200
departmental administrative regulations have been issued in the
country of China (17).

Despite the widely acknowledged importance and benefits
of EMA, the level of adoption and implementation of EMA
practice is still weak within SMEs in many countries, especially
in China. This might be due to the low environmental
awareness, ineffective role of professional bodies, lack of
stakeholder pressure, weakness of environmental legislation,
and firm difficulties (18). However, given the low adoption
and awareness of EMA in SMEs, it is important to identify
the practices, opportunities, and barriers faced by the SME
industry to implement EMA. Review of literature regarding
adoption and practicing EMA have been carried out in
many industrial nations such as Japan, Germany, and
the USA, but EMA has been the least priority in China
(19). Although attempts in past were made to understand
and implement the concept, no specific attention was
made to use the lens of environmental management
practices adoption in Chinese SMEs to achieve sustainable
corporate performance.
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FIGURE 1 | World cloud from keywords of relevant research articles.

China is a country where a high emphasis is laid on
centralization by means of determining future moves through
the use of its political ideology. Xu et al. (20) by using a
critical lens ask for finding a win-win situation where harmony
prevails between accounting practices and the environment.
Their conclusion indicated that generally implementation of
accounting practices is influenced by political and institutional
ideology, which in the case of China is the focus of current
research as the Chinese system is more state-guided. Gao and
Handley-Schachler (21) revealed that the accounting system
in Chinese society is not a new concept, it existed in the
times of Confucius, and evidence of the first use of the term
“accounting” was traced and attributed to Mencius (Confucius
student). Furthermore, the initial “governmental accounting”
was founded in Chou Dynasty (1,066 BC−771 BC) where
six offices were established. One of which was “Heaven” for
the financial management, collection, and control of revenues
and expenditures. The salient features of the system were the
submission of annual reports and the use of a collectivist
approach. A review of historical evidence indicated that there
was a time (1840–1920) when two systems coexisted, i.e., the

existence of traditional Chinese accounting systems and western
accounting systems; after which a tilt toward the Western
accounting system was observed. After 1949, the communist
party concentrated on the development of a system that
requires the implementation of their ideology. Based on the
coexistence of the western accounting system along with the
traditional Chinese system (Yang) need exist for incorporating
best parts of the western accounting system in the traditional
Chinese accounting system without losing the political ideology
that prevails in China. A review of varia suggests diversified
research results (Figure 1), which indicated that there remains
a need to draw a parallel between Environmental Management
Accounting Practices (EMAP), Chinese political ideology, SMEs,
and sustainable corporate environmental performance of SMEs.

To weave a web of relationship between these thoughts, the
systematic review seems sane approach which will enable to
answer following research questions logically:

• Despite a long history of the presence of an accounting system
in China, what are the barriers that hinder the way of SMEs
adopting EMA practices?
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FIGURE 2 | The PRISMA flowchart illustrating the systematic review process.

• How perfect fit can be developed between Chinese political
ideology and EMAP (Western)?

• How do Chinese SMEs follow the footstep of state-owned
enterprises in the adoption of EMA for achieving sustainable
corporate environmental performance?

MATERIALS AND METHODS

The current systematic review was carried out following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (22, 23) guidelines. This systematic review
was based on published research papers which were assessed
by using PICO (Population, Intervention, Comparison, and
Outcome) (24) and the Critical Appraisal Skills Program (CASP).
A review of the literature was conducted by using three phases,
i.e., initial phase, first refinement, and second refinement (as
shown in Figure 2). This literature search was conducted by
accessing reliable databases such as Web of Science (WOS),
Scopus, and Google Scholar. As the current research was focused
on understanding (evolution, implementation, and barriers)
EMAP and sustainable corporate environmental performance,

in Chinese SMEs, hence any time framework was not used to
gather maximum information for identifying specific patterns.
One of the reasons for using such a broad time horizon was
based on the notion that when specific combinations of variables
were used, either nothing or very limited but irrelevant search
results appeared; which by no means holds debates to answer the
question of this research.

To look for relevant articles, an initial search was carried out

by using the keyword “Environmental Management Accounting

Practices” inWOS, Scopus, and Google Scholar. The search came

with 2,323 articles in WOS, 1,149 in Scopus, 980 in Google

Scholar. The first refinement used “business, management,
business finance, accounting” criteria that reduced the numbers
to 126 in WOS, 289 in Scopus, and 74 in Google Scholar.
The final refinement in which assessment was made by using
PICO and CASP criteria’s these numbers are further refined to
3 from WOS, 9 from Scopus, and 38 from Google Scholar. This
means in total 50 articles were identified for EMAP. Similarly,
the use of the keyword “Chinese SMEs” ended with 21 final
papers for review. Similarly keyword “Sustainable Corporate
Environmental Performance” came with 18 final articles. In
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FIGURE 3 | Subject theme-wise details of 73 articles finalized.

the same vein keyword, political ideology came up with 23
articles from Google Scholar only. Apart from this, several other
combinations were used which include “EMAP and Chinese
Small and Medium Enterprise”: “EMAP and SME,” “EMA and
SME,” “SMAP and SCEP,” and “Chinese SMEs and Sustainable
Corporate Environmental Performance” came with results from
0 to max 20. The result of these articles was either totally
irrelevant or they are already found in the initial research.

Literature Search and Study Selection
The systematic search conducted through the use of mentioned
databases generated a total of 9,546 papers published on
the predefined keywords. The papers were screened for
probable inclusion according to the PRISMA guidelines 1,592
were screened based on their titles and abstracts. Out of
these, 792 articles were excluded after screening and the
remaining 112 were assessed for eligibility to be included
in a systematic review. These research articles were fully
evaluated according to the research questions of the systematic
review. Seventy-three articles were found to be eligible to
be included in the systematic review. The subject-wise and
database-wise details of 73 articles are in shown in Figures 3,
4, respectively.

RESULTS AND DISCUSSION

The in-depth systematic review of 112 articles, assessed for
their eligibility and enabled to highlighting of several themes
which were identified in an attempt to search for arguments and
findings from these studies to answer research questions. These
themes were used as a guidance mechanism to arrange the 73
finalized articles for systematic review (Table 1).

Issues regarding business sustainability are becoming issues
of prime importance for political and corporate stakeholders
over the past decade (98). EMA serves as a useful technique
for improving sustainability and increasing success for business
(17). Information related to barriers affecting the adoption
of EMA is necessary for implementing initiatives to sustain
the internal environment so the supply chain, production,
services, and goods can be environment friendly (12). Since
its inception accounting was used as a mechanism through
which the human efforts were translated in terms of economics
(35). This long journey is the witness of impactful utilization
of various methodological improvements which are based on
the changing needs of organizations across time (55). Kaplan’s
(33) earlier work is one of the impressive exposition on
the evolution of management accounting over the decades.
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FIGURE 4 | Database-wise details of 73 articles finalized.

Wherefore, it seems appropriate to highlight shortcomings in
the domain of management accounting, despite improvements
in organizations and the way they operate in the competitive
market. Exquisitely, he shed light on the developmental journey
of “cost accounting practices” by referring to the practices and
environment of earlier textile industry and railways. Coupled
with sharing of earlier innovations in “management control”
in organizations, like DuPont and General Motors which
laid the foundation for the transition from centralization to
decentralization systems by using “return on investment.” His
argument of transition provided grounds for him to conclude by
highlighting the need to look for better performance measures
than sticking with single or multi measures. Against this
backdrop, the EMAP research moved to explore the path of
modernization or methodological development across the time
(37). For instance, while exploring through previous research
(37) focused their attention around “understanding growth of
EMA methodologies.” His finding provides logical justification
for the misconception that it transited directly frommanagement
accountants. They concluded that it was critical questioning and
“common disclosure practices” which is supported by detailed
information than simple sharing of numbers. Their firm stance
negated the misconception that organizational use of various
tools like LCA, etc. was the sole reason behind all this progress.
In the same vein, Jalaludin et al. (38) agreed with the notion of
inclusion of EMA as part of “strategic planning” (99, 100). Their

findings supported the “institutional theory perspective” from
sociology, and confirmed that public authorities, professional
domain, and society play a significant role in the adoption of
EMA. The findings also pointed toward the scarcity of research
in EMA in developing countries. In similar footsteps, Gadenne
et al. (39) agreed with the significant role of stakeholders in
the implementation of EMAP coupled with the unnoticed role
of legislation, i.e., creating awareness of EMAP. In a nutshells
adoption of EMA, if coupled with a specific role of culture
provides further insight, which in some sense support choice of
this study scope of exploring EMAP and the role of the Chinese
culture (political ideology) in its adoption.

The study by Bartolomeo et al. (101) provided a glimpse
into the situation of EMA in Europe (Germany, Italy,
the Netherlands, and the UK). The study attempted to
identify the relationship between management accounting and
environmental management. From a review of the wealth of
literature, they highlighted four approaches, for understanding
the environmental accounting concept. These include “external
financial reporting, social accounting reporting, energy and
materials accounting, and EMA.” The study findings revealed
an absence of any relationship between management accounting
and environmental management. They explained that this is
largely because of the lack of gaining central importance by
accounting functions in EMA activities which were driven
by non-accounting professionals like environmentalists. They
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TABLE 1 | Theme wise details of 73 articles finalized.

Themes Articles on Database Journal References Date

Western

management

accounting

An analysis of the adoption, perceived benefits, and

expected future emphasis of western management

accounting practices in Chinese SOEs and JVs

Elsevier The International Journal of

Accounting

(25) 2007

The transfer of Western Management to China Sage Management Learning (26) 2004

Western concepts, Chinese context: a note on

teaching accounting offshore

Taylor and

Francis

International Journal of Pedagogies

and learning

(27) 2012

Flexible environmental policy, technological

innovation and sustainable development of China’s

industry: the moderating effect of environment

regulatory enforcement

Elsevier Cleaner Production (28) 2020

An exploratory analysis of managerial perceptions of

social and environmental reporting in China:

evidence from state-owned enterprises in Beijing

Emerald Sustainability Accounting

Management and Policy Journal

(29) 2016

Emerging phenomenon of corporate social and

environmental reporting in China

Emerald Sustainability Accounting

Management and Policy Journal

(30) 2017

The adoption of “Western” management accounting

/ controls in China’ s state-owned enterprises

during economic transition

Elsevier Accounting, Organizations and

Society

(31) 2004

Is an environmental management system able to

influence environmental and competitive

performance? The case of the eco-management

and audit scheme (EMAS) in the European union

Elsevier Journal of Cleaner Production (32) 2009

Evolution,

understanding and

barriers

The evolution of management accounting JSTOR The Accounting Review (33) 1984

Exploring hegemonic change in China: a case of

accounting evolution

Emerald Asian Review of Accounting (20) 2013

Why do firms engage in environmental

management? An empirical study in China

Elsevier Journal of Cleaner Production (34) 2008

Exploring the role of accounting in the People’s

Commune of China between 1958 and 1966

Emerald Accounting, Auditing and

Accountability Journal

(35) 2018

Chinese accounting systems and practices Elsevier Accounting, Organizations and

Society

(36) 1988

Environmental management accounting: an

overview of its methodological development

Ebscohost International Journal of Business

Insights and Transformation

(37) 2011

Understanding environmental management

accounting (EMA) adoption: a new institutional

sociology perspective

Emerald Social Responsibility Journal (38) 2011

Drivers and barriers to engage enterprises in

environmental management initiatives in Suzhou

Industrial Park, China

Springer Frontiers of Environmental Science

and Engineering in China

(19) 2009

An empirical study of environmental awareness and

practices in SMEs

Springer Journal of Business Ethics (39) 2009

Understanding environmental management

practices: Integrating views from strategic

management and ecological economics

Wiley Business Strategy and the

Environment

(40) 2010

Barriers to the development of environmental

management accounting An exploratory study of

pulp and paper

Emerald Environmental Management

Accounting

(41) 2010

Implementing environmental management systems

in small- and medium-sized hotels: obstacles

Sage Journal of Hospitality and Tourism

Research

(42) 2011

Management accounting practices in China: current

key problems and solutions

Social Research (43) 2012

Environmental Management Accounting (EMA) for

environmental management and organizational

change

Emerald Journal of Accounting and

Organizational Change

(17) 2015

(Continued)
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TABLE 1 | Continued

Themes Articles on Database Journal References Date

Is environmental management accounting a

discipline? A bibliometric literature review

Emerald Meditari Accountancy Research (44) 2013

The potential for environmental management

accounting development in China

Emerald Journal of Accounting and

Organizational Change

(18) 2015

Environmental challenges and current practices in

China—a thorough analysis

MDPI Sustainability (45) 2018

The prospects for environmental accounting and

accountability in China

Taylor and

Francis

Accounting Forum (46) 2019

Efficacy of China’s strategic environmental

management in its institutional environment

Emerald International Journal of Operations

and Production Management

(47) 2019

A systematic analysis of environmental management

systems in SMEs: possible research directions from

a management accounting and control stance

Elsevier Journal of Cleaner Production (48) 2020

Old problems and new dilemmas: the conundrum of

environmental management reform in China

Taylor and

Francis

Journal of Environmental Policy and

Planning

(49) 2020

Institutional pressures, environmental management

strategy, and organizational performance: the role of

environmental management accounting interest

Wiley Business Strategy and the

environment

(50) 2021

Chinese SME development and industrial upgrading Emerald International Journal of Emerging

Markets

(51) 2020

Management accounting use in micro and small

enterprises

Emerald Qualitative Research in Accounting

and Management

(52) 2020

Effect of environmental management accounting

practices on organizational performance: role of

process innovation as a mediating variable

Emerald Business Process Management

Journal

(53) 2020

Political ideology Defending Mao’s dream: How politicians’ ideological

imprinting affects firms’ political appointment in

China

Academy of Management Journal (54) 2019

The interplay between accounting professionals and

political ideologies: the emergence of Chinese

accounting standards from 1978 to 1992

Sage Accounting History (55) 2018

The politics of performance measurement in China Taylor and

Francis

Policy and Society (56) 2015

Management accounting systems and

organizational culture of change

Emerald Qualitative Research IN Accounting

and Management

(57) 2011

China’s art of institutional bricolage: selectiveness

and gradualism in the policy transfer style of a nation

Elsevier Policy and Society (58) 2013

How culture shapes environmental public

participation: case studies of China, the

Netherlands, and Italy

Taylor and

Francis

Journal of Chinese Governance (59) 2020

The influence of the Chinese government’s political

ideology in the field of corporate environmental

reporting

Emerald Accounting, Auditing and

Accountability Journal

(60) 2020

Situation in

developing

countries

Factors associated with the adoption and use of

management accounting techniques in developing

countries: the case of Romania

‘ Journal of International Financial

Management and Accounting

(61) 2012

Management accounting in less developed

countries: what is known and needs knowing

Emerald Accounting, Auditing and

Accountability Journal

(62) 2009

Management accounting practices in selected Asian

countries: a review of the literature

Emerald Managerial Auditing Journal (63) 2004

Introduction to management accounting in less

developed countries

Emerald Journal of Accounting and

Organizational Change

(64) 2007

SME’s Environmental Management Accounting Practices in

Small Medium Manufacturing Firms

Elsevier Procedia Social and Behavioral

Sciences

(65) 2015

Assessing the Environment for Small and Medium

success in Saichun, China

Pergamon Accounting, Organizations and

Society

(66) 2005

(Continued)
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TABLE 1 | Continued

Themes Articles on Database Journal References Date

Barriers to the implementation of cleaner production

in Chinese SMEs: government, industry and expert

stakeholders’ perspectives

Elsevier Journal of Cleaner Production (67) 2008

Improving cleaner production through the

application of environmental management tools in

China

Elsevier Journal of Cleaner Production (68) 2007

Sustainable

corporate

environmental

performance

Corporate sustainability and innovation in SMEs:

Evidence of themes and activities in practice

Wiley Business Strategy and the

Environment

(69) 2010

How environmental management driving forces

affect environmental and economic performance of

SMEs: a study in the Northern China district

Elsevier Journal of Cleaner Production (70) 2011

Stakeholder-firm power difference, stakeholders’

CSR orientation, and SMEs’ environmental

performance in China

Elsevier Journal of Business Venturing (71) 2012

The antecedents of corporate social and

environmental irresponsibility

Wiley Corporate Social Responsibility and

Environmental Management

(72) 2014

Corporate social responsibility reporting in China:

symbol or substance?

Informs Organization Science (73) 2014

Chinese firms’ sustainable development-The role of

future orientation, environmental commitment, and

employee training

Springer Asia Pacific Journal of Management (74) 2014

Measuring corporate environmental performance -

stakeholder engagement evaluation

Willey Business Strategy and the

Environment

(75) 2015

Corporate sustainability development in China:

review and analysis

Emerald Industrial Management and Data

Systems

(76) 2015

A review of Chinese and English language studies

on corporate environmental reporting in China

Elsevier Critical Perspectives on Accounting (77) 2015

Corporate sustainability and economic performance

in small and medium sized enterprises

Elsevier Journal of Cleaner production (78) 2015

Corporate Sustainable Development: Is ’Integrated

Reporting’ a Legitimation Strategy?

Wiley Business Strategy and the

Environment

(79) 2016

Linking environmental strategy to environmental

performance: mediation role of environmental

management accounting

Emerald Sustainability Accounting,

Management and Policy Journal

(80) 2017

IPOs, institutional complexity, and management

accounting in hybrid organizations: a field study in a

state-owned enterprise in China

Elsevier Management Accounting Research (81) 2017

Measuring corporate environmental performance: a

methodology for sustainable development

Wiley Business Strategy and the

Environment

(82) 2017

The standardization of down- streamed small

business social responsibility (SBSR): SMEs and

their sustainability reporting practices

IGI global Information Resources Management

Journal

(83) 2019

Environmental management accounting: the

missing link to sustainability?

Tylor and

Francis

Social and Environmental

Accountability Journal

(84) 2018

Linking environmental management accounting: a

reflection on (missing) links to sustainability and

planetary boundaries

Taylor and

Francis

Social and Environmental

Accountability Journal

(85) 2018

How do we measure corporate environmental

performance? A critical review

Elsevier Journal of Cleaner production (86) 2018

Stakeholder corporate social responsibility

orientation congruence, entrepreneurial orientation

and environmental performance of chinese small

and medium-sized enterprises

British

Academy of

Management

British Journal of Management (87) 2018

Environmental management accounting practices,

environmental management system and

environmental performance for the Malaysian

manufacturing industry

Inderscience Intl. J. Business Excellence (88) 2019

(Continued)
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TABLE 1 | Continued

Themes Articles on Database Journal References Date

Environmental management accounting practices,

management system, and performance SEM

approach

Emerald International Journal of Quality and

Reliability Management

(89) 2019

How firms select environmental behaviors in China:

the framework of environmental motivations and

performance

Elsevier Journal of Cleaner Production (90) 2019

Can mandatory environmental information

disclosure achieve a win-win for a firm’s

environmental and economic performance?

Elsevier ISKO

JORO Q1

final

conclusion

Kay Sath

Journal of Cleaner Production (91) 2020

An analysis of environmental sustainability in small

and medium-sized enterprises: patterns and trends

Wiley Business Strategy and the

Environment

(92) 2020

Flexible environmental policy, technological

innovation and sustainable development of China’s

industry: the moderating effect of environment

regulatory enforcement

Elsevier Journal of Cleaner Production (28) 2020

Effect of corporate environmental sustainability on

dimensions of firm performance – Toward

sustainable development: Evidence from India

Elsevier Journal of Cleaner Production (93) 2020

Social determinants of sustainability: the imprinting

effect of social class background on corporate

environmental responsibility

Wiley Corporate Social Responsibility and

Environmental Management

(94) 2020

Moving toward sustainability: a theoretical design of

environmental performance measurement systems

Elsevier Journal of Cleaner Production (95) 2020

Sustainability accounting, management and policy

in China: recent developments and future avenues

Emerald Sustainability Accounting,

Management and Policy Journal

(96) 2020

Who Pollutes? Ownership type and environmental

performance of Chinese firms

Taylor and

Francis

Journal of Contemporary China (97) 2016

concluded by mentioning that abrupt change to be avoided
if EMA to be implemented in an organization. A step-by-
step incremental implementation could prove beneficial in
its implementation.

Inspired by the growing interest of researchers (8) further
explored challenges that hinder the sustainability of management
accounting. He mentioned that giving less significance to
environmental cost is a norm which is visible in its depiction
in overhead cost. This less significance of environmental cost
greatly hinders its consideration for investment asmore emphasis
is laid on the monetary side of the business performance.
Apart from this, he added that non-accounting professionals’
presence further makes the matter worse as environmentalists
focus on their area develops vibes of stereotypical thinking
which, as a social issue, has the least priority by the businesses.
Thoughts of Burritt (8) about non-accounting professionals if
seen in tandem with Lucas (40) who sees environment strategies
as a combination of seemingly unrelated concepts provide an
idea about the reasons behind the adoption of EMAP. In
this, Hoffman (99) drew attention to the notion by identifying
parallels between the driving force behind this “regulatory
compliance” to “strategic business management.” To him, this
wedlock between institutional thinking and cultural thinking
seems to make organizations more investor-centric in terms

of cultural aspects which pushes the organization to be more
environmentally compliant footsteps (39).

Dellios (100) while exploring Chinese and global
environmental management masterly looked at the Chinese
society, its philosophy, and challenges that if emerged can
have a consequence for China and the rest of the world. He
viewed the suitability of strategic thinking culture in the Chinese
environment which is deep-rooted in “Daoism, Confucianism,
and Buddhism.” Drawing on a wealth of arguments by borrowing
inflexible thinking paradigm for Chinese culture and flexible for
capitalist part of the world and came out with “gradualism” as
the means of harmony and growth which again is in line with
(101) argument of the incremental improvement.

The economy of China is of global importance as every
country has trade relations with it. China is considered as
one of the lowest energy efficient economies of the world due
to reduced environmental performance and inadequate natural
resources. Despite this fact, firms in China have not focused on
the environmental costs which have led to increased damage
of ecosystems (102). Recently, Xu et al. (20, 35, 55) attempted
to search for a link between accounting in China and political
ideologies. Putting simply Xu et al. (20) discussed the accounting
system and its growth during different political ideologies in
China, i.e., “Confucian tradition, Maoist socialism, and Deng
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Capitalist.” The use of political as well cultural aspects of
Chinese society on the growth of the accounting system is what
differentiates this study from other contributions in this area.
Based on the critical review of literature enabled them to note
a connection between political ideology and the use of the
accounting systems as a control mechanism. They briefed that
the early accounting system in China was based on Confucius
teaching; which is against the dominant role of government. This
social dominance paradigm was replaced by a system based on
the Marxist school of thought in which government uses an
accounting system to fund allocation to different entities and as a
means for economic planning. This replacement was based on
Mao’s consideration of the Confucius system as supportive of
the feudal system or in a way regarded it as a capitalist school
of thought. Moving away from the Maoist school of thought,
which blames accounting for spreading capitalist thinking, Deng
focused on the revival of the accounting system which was
completely abolished during the Cultural Revolution introduced
byMao (1966–1976). Rather than becoming a victim of traditions
of time Mao skillfully used unity of opposite thoughts by
extracting benefits from evil (capitalism) for the growth of their
socialist approach (objectives). Suffice to say they confirmed
political ideology’s role in the development of accounting system
globally and specifically in China where accounting system
represents the ideology of government intervention, control
system, or an information system (accounting) is evidence of
the above narrative. Similarly, Xu et al. (35) acknowledged the
political nature of accounting and based on early literature shared
its role as “an ideological weapon.” They concluded by pointing
toward the significant presence of political-ideological in the
literature on the Chinese accounting system.

Zhou’s (36) study explores available literature on “accounting
systems and practices” in China to gain an understanding
of the accounting system, governing mechanism, and various
modifications in the system for keeping it updated from 1949
to 1988. Unlike developed parts of the world, the Chinese
accounting system is different as the state controls organizations.
With the growth of the economy, the system of accounting in
China is changing from simple reporting to active participation
in decision making and controlling which suggests an optimistic
view of the growing Chinese accounting system in years to
come. Qian et al.’s (18) work is focused on examining the
preparedness of Chinese businesses for EMA. The environmental
challenges in China are worse at a level where out of the 20
most polluted global cities 16 are in China. They concluded
that yet Chinese businesses are not using EMA to the level
which can be considered satisfactory. Recently, Margerison et
al. (46) shared advancement in China relating to EMA. China
took the lead in the world to become the first country ever to
transit from “industrial civilization to ecological civilization.”
The focus of the Chinese government in this regard is visible
in their encouragement to organizations to develop “strategic
EM” which leads to sustainability (45, 47). The recent interest
of researchers on EMA motivated (44) to explore the subject at
length. They concluded that this increased attention is indicating
the existence of a fledgling discipline. Gunarathne and Lee (17)
look for the development and implementation of EMA at the

organizational level. Zhang et al. (34) seem satisfied with the
Chinese government’s efforts to address environmental issues
in the country. They argued about the importance of various
stakeholders’ roles which exerts pressure on organizations for
following environmental management practices. To them, these
include supply chains, customers, and community which in a way
encourages and pressurizes organizations (17, 50, 53) to work
for sustainable environmental performance. Johnstone (48) also
added by mentioning the culture of adhocism in SMEs that limits
their ability to implement EMAP either fully or partially.

The systematic review has revealed that the increased
worldwide regulatory pressure for implementing EMA practices
and reporting compliance to environmental certification
organizations have led to adopting EMA practices in Chinese
firms. It has been reported that managers working in heavy
manufacturing companies are willing to change and adopt EMA
due to regulatory, economic, environmental, and international
pressure (17). In the last few years, a substantial contribution
has been made by the Chinese government by developing several
policies and laws for environmental protection. Such measures
have resulted in a positive impact on managers for increasing
the concerns regarding population at risk and incorporating
environmental designs effectively in their SMEs (19). It has
also been observed that despite the introduction of such laws,
the standards are not implemented equally in all provinces
leading to disparity in EMA practices in all SMEs. Another
study in China conducted to evaluate the adoption of EMA
practices in Suzhou Industrial Park revealed that legislation was
the main factor for driving SMEs to implement such initiatives
(19). The environmental engagement has been considered
as one of the key interventions to improve the international
corporate image of any SME. A study to evaluate the key
drivers and barriers for adopting EMA by SMEs concluded that
improving the corporate image in front of international investors
was one of the motivators for utilizing and implementing
EMA (103).

Certain barriers have been identified toward the
implementation of EMA practices which include lack of
awareness, inadequate resources, and reduced external
stakeholders support for the firms (15). Many SMEs consider that
the environmental impact of their firm is small and irrelevant.
Similarly, adoption of environmental ISO standards requires
economic investment which is a burden for the majority of the
new SMEs. It has been perceived amongmanagers that the cost of
fines to be paid for not implementing environmental standards
is low as compared to the fee of EMA certifications (15).

The government along with Chinese SMEs are engaged in
pacing themselves with the international trend of protection
of the environment. The main barriers of EMA are related
to the specification of environmental accounting information,
environmental costs allocation, issues related to legislation, and
the lack of standardized environmental accounting standards.
There is a need for market-sensitive instruments which are
designed according to the Chinese economy (102). Another study
conducted in China chemicals manufacturing SMEs showed that
the Chinese employees have inadequate trust in environmental
improvement promises made by the enterprises and the local
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government, and disagreed with the proposed improvement
plans (104).

CONCLUSION AND IMPLICATIONS

This systematic review gave insights into the different factors
that hinder the development and adoption of EMA practices
in Chinese SMEs. The review concluded that strict legislation
and the availability of flexible financing options for SMEs can
promote the adoption of EMA by SMEs. The establishment of
environmental reporting systems and auditing mechanisms can
further increase the utilization of EMA by small and medium
firms. The findings are useful for key governmental stakeholders
to improve EMA practices implementation in Chinese firms. The
current review contributes to the existing knowledge of EMA
as this is a new area for Chinese SMEs. This systematic review
focused on the following three questions.

• Despite the long history of the presence of an accounting
system in China what are the barriers that hinder the way of
SMEs adopt EMA?

• How perfect fit can be developed between the Chinese political
ideology approach and western EMA?

• How do Chinese SMEs follow the footstep of state-owned
enterprises in the adoption of EMA for achieving sustainable
corporate performance?

The analysis of the literature on EMAP can answer Q1, for
instance, an important observation was made in the literature
relating to the adoption of environmental management practices
in the large companies and avoidance (challenges in adoption)
by SMEs toward it; despite being responsible for causing
environmental challenges (34). One reason, which literature
suggests, for large companies’ adoption and SMEs avoidance,
was the large companies being in the limelight which in a way
increases expectations from customers and partners in following
best practices relating to EMA and sustainable corporate
environmental performance. SMEs are generally not operating
on such a large canvas and are at times getting benefits from the
fallacy of the small size of these organizations to have less role
in the creation of environmental challenges. Common wisdom
coupled with available facts highlights their major responsibility
behind the creation of environmental challenges and ignoring
sustainable environmental performance. In this regard, Zhang
et al. (34) blame regulatory pressure and fewer expectations as
reasons behind the lack of adoption. Apart from this, absence
of organizational leadership focus and determination along with

the absence of expertise in adoption and implementation can be
major bottlenecks. Furthermore, they indicated the short-term
interest of SMEs also limits their ability to invest more in these
strategies until and unless they see value in them. This lack of
interest limits their ability to recruit or improve the skill set of
the individual for honing their skills in both accounting and
environment: which in a way act as a barrier to adoption of
EMAP (41, 42). Apart from this, the “attitude and culture” of the
organization (48) also emerged as one of the internal hindrances
which in a way got support from the conclusion relating to lack

of willingness by SMEs to take ownership of “corporate social
responsibility” (41).

In the same vein, the analyses of literature on political ideology
and western environmental management practices help answer
Q2. The literature revealed that there was a time when both
systems coexisted in China. Although after independence the
traditional Confucius culture was ignored and more state roles
emerged. This situation of the dominant role of the state is
against very sole of western approach. The equilibrium between
political ideologies of less state control to significant state control
was achieved by the Chinese political leadership vision of the
Ecological civilization approach. This approach enabled them
to incorporate the positive aspect of western EMA in the
Chinese accounting system (based on Chinese political ideology),
as globally it is regarded as a weapon of control, without
comprising on their culture and political ideology. Achievement
of this can be the perfect fit China needs to maintain its
leadership position in creating a culture of an environmentally
responsible nation.

Lastly, Q3 the literature analysis suggests that SMEs who are
challenged by limitation of resources can approach partner firms,
education institutes, and industry councils for guidance on the
implementation of EMAP for sustainable corporate performance.
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Good governance is the basis of dealing with major emergencies and protecting public

health. It has become a major issue of the central government to construct a scientific

procurement and supply system of emergency supplies. This article constructs the

analytical framework of strategic procurement and expounds the realization mechanism

of strategic procurement under an emergency situation to reflect China’s procurement

practice in COVID-19 response and improve public health and governance. Using

case study, semi-structured interviews, and the Nvivo text analysis, this study found

that emphasizing the strategic function of securing the public health,the top status

of MSG, cross-sector procurement team, strong procurement and supply integration,

comprehensive and in-depth procurement synergy mechanism are the successful

experiences of China’s emergency procurement. However, due to the temporary

nature of the emergency procurement mechanism, strategic procurement planning,

procurement management specialization, and procurement supply integration still need

to be improved. The findings of this study further suggest that to improve public

health and governance, it is pivotal to reconstruct the government procurement law

to make it compatible with the emergency procurement and transform the government

procurement system into a strategic procurement in a consistent and coherent way.

Keywords: emergency procurement, strategic procurement, COVID-19, public health, governance

INTRODUCTION

Rapid procurement and efficient allocation of emergency supplies are crucial to the government’s
response to emergencies, which can ensure that public institutions hedge and mitigate social risks
(1–3). Under ordinary emergencies, the government can quickly activate emergency plans (4–6),
use reserves (7, 8), and current procurement to meet the material needs (9–11). However, in
the context of major emergencies, such as COVID-19, the public sector’s demand for emergency
supplies is extremely urgent and shows explosive growth (12, 13), and the supply chain is
fragile (14–16), which makes the market of emergency supplies in a shortage (17, 18) and
brings unprecedented challenges to public procurement management (19–21). In response to the
COVID-19 outbreak, China has adhered to the common value of prioritizing people’s life and health
and implemented an unconventional centralized procurement and supply model of emergency
supplies through the joint prevention and control mechanism, so as to ensure the matching of
demand and supply of emergency supplies in a relatively short period of time.
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However, China’s government procurement law excludes
emergency procurement from its scope of application. Although
the temporary emergency procurement mechanism has achieved
good results, it lacks connection with the conventional public
procurement system. Although the extreme emergency situation
similar to the initial outbreak of COVID-19 has passed, the risk
of major emergencies is inevitable. Therefore, we still need to
reflect on the public procurement system and the practice to deal
with COVID-19 to build a regular and more scientific emergency
procurement system, then secure public health.

After the outbreak of COVID-19, the representative
viewpoints on emergency procurement advocated the
improvement of relevant procurement procedures and
procurement methods (22, 23), building a whole chain
of emergency procurement supervision and management
system (24), establishing a supply chain risk management
and synergy mechanism, and optimizing the decision-
making capacity of reserves (25, 26). From the perspective
of emergency management, other scholars pointed out
that active anti-epidemic willingness, government-centered
resource mobilization and unified scheduling, and the
coordination and cooperation among multiple sectors (27–
29) are China’s successful experiences in dealing with emergency
material support. However, the existing literature lacks a
systematic reflection on China’s emergency procurement
against COVID-19.

The practice of China’s emergency procurement in response
to COVID-19 pandemic is largely in line with the theory of
strategic procurement. We can examine it from the perspective
of strategic procurement because procurement can ensure that
organizations have enough resources and capabilities (30) to
achieve their core strategic goals under the theory of strategic
procurement. Strategic procurement attaches great importance
to the integration of supply chain, which can widely mobilize
the resources and capabilities of the whole society and reduce
social uncertainty. Vecchi et al. (31) have used this theory to
analyze the public procurement in the United States and Italy in
response to COVID-19. However, they did not respond to the
mechanism of strategic procurement, nor did they systematically
examine cases. Based on the perspective of strategic procurement,
this study summarizes the dimensions of strategic procurement
and analyzes the realization mechanism of strategic procurement
in emergency situations. Combined with the case study and
text analysis of procurement in X Province and Y City in
response to the epidemic, this study examines the application
of strategic procurement in China’s emergency procurement
management system.

The possible marginal contributions of this article are
as follows: First, it constructs an analytical framework for
strategic procurement in emergency situations and explains
its realization mechanism, thereby deepening the explanatory
power of the effectiveness of the centralized procurement and
supply system adopted by China in response to COVID-19.
Second, it provides empirical evidence for the improvement
of the emergency procurement system through an in-depth
case study. The third is to put forward suggestions for
the reconstruction of China’s public procurement system,

transforming China’s fruitful experience into a normalized
emergency procurement system.

THEORETICAL PERSPECTIVE OF
STRATEGIC PROCUREMENT

Emergency procurement is the procurement by the public
sector to meet the need for emergency supplies arising from
emergencies, such as natural or man-made disasters and
emergency military actions (32). The time, place, degree of
harm, and demand for emergency materials are highly uncertain,
and the production and supply of emergency supplies are also
uncertain due to supply chain risks (33). Especially in the
case of major emergencies, due to the short-term surge in
demand, the market for emergency supplies presents typical
characteristics of a shortage market, such as buyers’ competitive
purchases, rapid price increases, and poor quality (34). Therefore,
the high complexity of emergency procurement management
correspondingly brings new challenges to the public sector
(35, 36). The public sector that is more accustomed to a
competitive market with sufficient supply, the main content of
its procurement management, has also shifted from focusing
on competitive procurement to ensuring supply, and the
procurement method has also changed from a competitive
mechanism to a more time-sensitive and flexible procurement.
The breadth and depth of coordination between or inside
different sectors have also increased unprecedentedly. Strategic
procurement is beneficial to meet the challenges of emergency
procurement management.

Applicability of Strategic Procurement in
Emergency Procurement Management
The strategic procurement theory originated from the field
of business administration, which is the process of planning,
implementing, evaluating, and controlling procurement
decisions, so as to make procurement activities serve the
core goals of the organization (37). As resources are the core
competence of allocation, development and integration of
resources have strategic function (38–40), and they can be
obtained through procurement, so procurement also has
strategic function. Furthermore, procurement has gradually
transformed from a simple market transaction activity to a
strategic activity that affects the organization’s sustainable
competitive advantage and supports the organization’s value
system (41), then forms a strategic management function that
is different from the traditional procurement function. Under
the perspective of strategic procurement, the connotation
of procurement has also been greatly expanded, including
procurement, supply management, supplier development and
innovation, and partnership (42).

Strategic procurement is increasingly being used to study how
the public sector uses resources and capabilities to provide public
value to its stakeholders (43). Strategic procurement requires
the public sector to value the strategic role of procurement
and public-private partnerships (31), transform procurement
into a more strategic governance process, and proactively plan
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TABLE 1 | Differences between strategic procurement and traditional

procurement.

Traditional

procurement

Strategic

procurement

Procurement function Passively meet

short-term needs of

goods and services

Proactively plan

procurement activities

to serve the core

strategic objectives of

the organization

Procurement and

supply management

Procurement costs,

compliance and

prevention of

corruption

Promote innovation

and risk management

through sectoral

collaboration to achieve

social policy objectives

Supplier relationship Trading relationship Long-term partnership,

integrating internal and

external resources and

capabilities through

procurement and

supply

Status of Procurement

Department

Compared with other

departments, the

status is not high

enough

Have the function of

strategy management

procurement activities to align with the public organizations’
core values and consistent with the long-term strategy, finally
achieve the policy function of public procurement (44). In
practice, public procurement is also increasingly involved in
organizational strategy (45, 46). For example, the WHO and
the World Bank (WB) use strategic procurement as a way to
improve the health system performance and achieve a universal
health coverage; the UK uses strategic procurement to ensure the
right public services are delivered in the right way (47). For the
public sector, the difference between strategic procurement and
traditional procurement is shown in Table 1.

Under the emergency situation, the public sector, similar
with enterprises, faces the uncertainty of internal and external
environments and needs to build long-term partnerships with
suppliers to hedge risks. Resources and capabilities are also
unique assets that determine the public sector’s ability to respond
to emergencies. Procurement of emergency resources is also
a strategic procurement process that aligns and synchronizes
internal needs with external resources (48), removes barriers
to resource mobilization during a disaster (49), and ultimately
provides resources and capacity for emergency management.
The core of emergency management is public-risk management.
Emergency procurement has the strategic function of defusing
public risks by providing the material basis necessary for
emergency management (50, 51). Similarly, as is shown in
Figure 1, strategic procurement is beneficial for public health,
and public health needs strategic procurement.

Perspective of Strategic Procurement
Dimension of Strategic Procurement

The strategic function of procurement is the starting point of
strategic procurement. An organization’s procurement function
is strategic, non-strategic, or somewhere in between depending

FIGURE 1 | The relationship between strategic procurement and public health.

TABLE 2 | Key factors of strategic procurement under the emergency.

Level 1 factors Level 2 factors References

Motivation of strategic

procurement

Needs of emergency

management

(31, 54)

Market uncertainty (33, 37, 48, 52, 53)

Management capacity (35, 36)

Dimension of strategic

procurement

Strategic procurement

planning

(30, 37, 44, 53, 55, 56)

Status of procurement

department

(37, 53, 57)

Specialization of

procurement management

(24, 36, 37, 57–59)

Procurement and supply

integration

(25, 31, 33, 53, 60, 61)

Procurement synergy

mechanism

(31, 48, 61, 62)

Strategic function Resolving public risks (31, 50, 53)

on the degree to which strategic procurement is achieved (52)
and can be measured by the strategic procurement dimension.
Drawing on the related research results (24–27, 31, 33, 44, 47, 51–
62), this article summarizes the key factors of strategic
procurement (Table 2), including motivation, dimensions,
and function. Dimension is the core of strategic procurement.
It includes six mutually supporting aspects: strategic
procurement objectives, strategic procurement planning, status
of procurement department’s, specialization of procurement
management, procurement supply integration, and procurement
synergy mechanism.

First of all, strategic procurement requires that the
procurement objectives be consistent with the strategic
objectives of the organization, so that procurement can
support the organizational value (37, 55). The government’s
response to emergencies aims to safeguard the public
health and property, national security, and social stability.
Emergency procurement serves the organizational goal of
resolving public risks and ensuring public security. Secondly,
strategic procurement requires the formulation of strategic
procurement plan based on the organization’s strategic goals.
Procurement strategic planning is the essential preparation
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FIGURE 2 | The realization mechanism of strategic procurement under emergency situation.

for emergencies (63). Thirdly, the status of procurement
department refers to the status of procurement department
in the organization, representing the importance attached by
the top management to procurement (37, 53). The higher
the status of the procurement department, the easier it is
to realize the strategic function of procurement. Fourthly,
the specialization of procurement management requires
the procurement department to have professional functions
and procurement personnel to have professional skills,
which can meet the needs of strategic procurement (57–
64). The specialization of procurement is the skill guarantee
for the implementation of strategic procurement. Fifthly,
procurement and supply integration refer to establishing
partnerships with suppliers through procurement and
effectively integrating internal and external resources to
achieve organizational goals (31, 60, 61). Procurement and
supply integration are the key to maintaining supply chain
resiliency, fostering organizational integration innovation, and
implementing risk management. Sixthly, the procurement
synergy mechanism is a unified command, coordinated
and orderly working mechanism in the implementation of
strategic procurement. Strategic procurement is a systematic
and complex strategic activity, which requires synergy
between inside and outside powers of the organization
through the procurement synergy mechanism (61). The
synergy mechanism in emergency procurement is mainly
manifested as the linkage and synergy mechanism between

different departments and organizations in the process of
procurement implementation.

Realization Mechanism of Strategic Procurement

Under Emergency Situation

Combining the challenges faced by emergency procurement
and the dimensions of strategic procurement, this study
summarizes the realization mechanism of strategic procurement
in emergency procurement management as shown in Figure 2.
First, from the main line of logic, the strategic procurement
dimension can specifically solve the challenges of procurement
management in emergency situations, ultimately provide
material support for emergency management, and realize the
strategic function of resolving public risks. Second, challenges
faced by emergency procurement are actually the motivation
of strategic procurement, which provides sufficient basis for
the implementation of strategic procurement, and is also the
necessity of implementation of strategic procurement. Third, the
dimensions of strategic procurement solve the problem of how
to implement the strategic procurement. Strategic objectives
and planning of procurement are the strategic preparation
of emergency procurement. The status of procurement
department, the specialization of procurement management,
and the integration of procurement and supply directly
determine whether strategic procurement is implemented or
not. The procurement synergy mechanism is an important
guarantee for the implementation of strategic procurement.
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TABLE 3 | Information table of interviewees.

Serial number Department Position in MSG

A11 BIIT of X Province Leader of provincial MSG

A12 BIIT of X Province Liaison of provincial MSG

A13 PRE of X Province Helping the government

procurement, reserve, and

deploy medical supplies

B11 HC of Y City Leader of MSG in N city

B12 BF of Y City Staff member of MSG in N

city

B13 BF of Y City In charge of the special

funds for fighting the

epidemic

B14 AB of Y City In charge of the special

audit of epidemic

procurement

B15 BCA of Y City Staff member of MSG in N

city

C11 Hospital 1 of Y City Staff member of MSG, In

charge of hospital

procurement

C12 Hospital 2 of Y City Hospital procurement

C13 Hospital 2 of Y City In charge of the hospital

special funds for fighting the

epidemic

C14 Hospital 2 of Y City Hospital procurement

D11 Enterprises 2 Ensuring disinfect alcohol

supply

B21 BIIT of L City, G Province Staff member of MSG in L

city

FIGURE 3 | Documents before COVID-19.

Fourth, emergency procurement achieves the strategic goal of
maintaining public security through the guarantee of emergency
supplies. Emergency supply guarantee plays an intermediary role
because it reduces social uncertainty and improves the level of
resources and capacity for emergency management.

RESEARCH METHODS

Case Study
This article mainly adopts the case study method. The case
study method is a crucial way to examine the nature of a social

FIGURE 4 | Documents after COVID-19.

event and study the complex context of different variables. It is
also a suitable way to study how the government reacts to the
COVID-19 to protect the public health from the perspective of
strategic procurement. The case selected is X Province and Y City
(as a whole) in China. Since China runs a unitary governance
system, the lower-level government is under the leadership of
the higher-level government, and the perspective of province and
city is conducive to a comprehensive understanding of China’s
epidemic procurement management. Both X Province and Y
City are with large population and high population density,
and adjacent to Hubei Province, accordingly with high risk
of public health. Province X belongs to provinces with severe
epidemics except for Hubei Province, while City Y belongs to
areas with severe epidemics in Province X. The first confirmed
case of COVID-19 was detected in X Province and Y City on 21
January and 24 January 2020, respectively. As of 21 November
2020, 1,288 people had been diagnosed in X Province and
156 in Y City1. Province X is an important production base
of sanitary materials in China. Several enterprises have been
included in the national emergency medical supply allocation
system, and have undertaken the designated assistance tasks
for epidemic prevention materials in Hubei, Xinjiang, Ningxia,
Inner Mongolia, and other provinces. However, the medical
industry of Y City is weak, and it is the net inflow party of
emergency medical supplies. Therefore, the procurement cases
of epidemic prevention materials in X Province and Y City are
highly representative. The case information of this study mainly
comes from three ways: semi-structured interview records with
interviewees, written materials provided by interviewees, and
relevant policy documents and information collected by authors
through other channels.

1Available online at: https://voice.baidu.com/act/newpneumonia/newpneumonia

(accessed November 22, 2020).
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FIGURE 5 | Framework of China’s emergency procurement and supply system against COVID-19.

Data Collection
Interview Materials

In this study, semi-structured interview was used to conduct
face-to-face interviews with the staff involved in epidemic
procurement management in X Province and Y City. The
interview time of each interviewee was about 1 h. The authors
prepared the interview outline for each interviewee before the
interview and flexibly adjusted the interview content according
to the interviewee’s job characteristics and information provided
during the interview. The authors also avoided disclosing the
research intension. According to the dimensions of strategic
procurement, the interviews mainly focused on the shortage
and strategic planning of emergency supplies, procurement
and supply integration, procurement synergy mechanism, the
status and role of the procurement departments, and the
implementation and supervision of emergency procurement, and
also paid attention to the problems and suggestions found in
the work of the interviewees. After the interview, the author
sorted out the interview results one by one according to the
interview notes and records and agreed with the interviewees on
anonymous processing and data use.

China’s emergency procurement management is under the
responsibility of the Material Support Group (MSG) of the
COVID-19 Joint Prevention and Control Headquarters (JPCH).
TheMSGmainly include the Bureau of Industry and Information
Technology (BIIT), the Health Commission (HC), the Bureau
of Finance (BF), the Auditing Bureau (AB), and the Bureau of
Civil Affairs (BCA). The main demanders of emergency medical
supplies are the designated hospitals, and the main suppliers are
the key production enterprises. Provincial Reserve Enterprises
(PRE) play the role of procurement, storing, and dispatching.
Therefore, this research focuses on the interviews with 14 staff
representatives from the above-mentioned organizations who
participate in the procurement and supply of emergency supplies.
Taking into account the representativeness of the selected cases,

the authors also interviewed a staff member of the MST in L City
of G Province. The detailed information of interviewees is shown
in Table 3.

Policy Documents

To supplement the survey and interview, 69 policy documents

related to emergency supply support at national, provincial,
and municipal levels were collected in this study, among which

32 policy documents at provincial and municipal levels were

obtained from survey, and 37 policy documents at the national
level were obtained from the Peking University’s Law Database
(www.pkulaw.com). Considering the similarity of contents and

the relevance of this study, the national policy documents do

not include relevant laws and emergency plans for emergencies
other than public health. All the policy documents before 2020

are national (37), covering four areas: emergency management,
reserve management, public health event management, and
public procurement (Figure 3). A total of 52 policy documents
were released and implemented from January to March 2020,
focusing on key issues in epidemic procurement management

(Figure 4). The documents on supply chain coordination are

with the largest number, followed by the procurement and
funding guarantee. All policy documents at provincial and
municipal levels were issued to meet the needs of emergency
procurement management after the outbreak.

Because China’s current public procurement law do not
regulate emergency procurement, the only document directly
related to emergency procurement is the temporary Notification
on Procurement Facilitation for Epidemic Prevention and
Control. It gives great flexibility for emergency procurement, but
there is no detailed guidance (65).

Based on the above data, the authors describe the following
framework (Figure 5) of China’s emergency procurement and
supply system during the major public health event.
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RESULTS

After gathering the data through the research methods of case
study and semi-structured interview, this study further used the
NVivo12 qualitative analysis software to interpret the collected
14 interview records and 69 policy documents in detail one
by one. Based on the dimension of strategic procurement and
the corresponding theory and practice, the authors extracted a
total of 18 main nodes and 299 reference points. Due to the
complementarity in content between the policy documents at
different stages, as well as between the policy documents and
interview materials, this article combines the two together for
text analysis. Both authors were involved in coding the raw data.
When there are different opinions, both sides would have an in-
depth discussion or consult experts in practice and eventually
reach an agreement (66, 67).

In this study, 14 interview records and 69 policy documents
collected were interpreted in detail one by one. The NVivo12
qualitative analysis software was used to identify 18 master
nodes and 299 reference points corresponding to the strategic
procurement dimension. Due to the complementarity between
policy documents at different stages and between policy
documents and interview data, this article combines them for text
analysis. The results of data analysis are shown in Table 4.

DISCUSSION

Strategic Procurement Objectives
We find that defusing public risks and maintaining public
safety are the core objectives of emergency management from
the 12 policy documents on emergency management and
reserve management issued before COVID-19. Judging from
the documents on public health event management, including
COVID-19 epidemic control, safeguarding people’s life and
health, is the core objective of responding to public health events.
As COVID-19 is a major public health emergency, the central
government of China required that people’s lives and health be
given top priority and all-out efforts should be made to prevent
and control the epidemic of COVID-19 (68). Putting people
at the first place and ensuring people’s safety and health is the
organizational goal of epidemic prevention and control, as well
as the strategic goal of emergency procurement. In this case, the
MSG of X Province went all out to organize the production,
procurement, and deployment of emergency supplies to ensure
the material basis for epidemic prevention and control (interview
record: A11).

From the perspective of strategic procurement, public
procurement should not only minimize procurement costs but
also serve the comprehensive objectives of the public sector
(46). China’s emergency procurement took the strategic objective
of central government as its objective and finally realized the
strategic function of protecting people’s life and health safety
by material support. Figure 6 shows the new confirmed cases
from 21 January 2020, to 30 April 2020, which fell to zero at the
end of February2.

2Available online at: https://www.gtarsc.com (accessed November 22, 2020).

Strategic Procurement Planning
Demand definition, sourcing, and framework agreement
constitute the main contents of strategic planning for emergency
procurement, which can be transformed into the issue of
strategic reserve in practice. NVivo has identified 14 reference
points, 10 of which are from China’s emergency plan, emergency
system construction plan, and reserve policies. For example,
“use pre-signed contracts and other economic means to build
a socialized emergency supplies support system” (document:
GJ-7), “determine and timely adjust the varieties of drugs and
medical devices in central reserve,” and “set up conditions
for enterprises undertaking the task of medical reserve”
(document: GJ-38). This shows that before the outbreak of
COVID-19, China did not lack the top-level design of strategic
procurement planning.

However, the survey found that in practice, the procurement
planning, such as demand definition and sourcing lags behind,
and the framework agreements signed with enterprises in
advance are not binding enough. It was only after the outbreak
of COVID-19 that relevant departments released the list of
key anti-epidemic supplies, began to sort out the emergency
medical industry chain, implemented the list-based management
of key enterprises, and established cooperative relationships
with suppliers. The strategic reserve system established based
on procurement and framework agreement has not played its
expected role, in fact, resulting in a prominent shortage of
reserve of emergency supplies. The reason is that the framework
agreements lack effective incentive and constraint mechanism,
and the enthusiasm of enterprises participating in the reserve
system is insufficient (interview record: A12), which affects the
reserve level and the construction of reserve capacity. In the
survey, 12 interviewees called for strengthening the strategic
procurement planning and strengthening the strategic reserve of
emergency supplies.

The reserve of emergency supplies based on strategic
procurement planning can buffer emergency demand,
shorten procurement cycle, and enhance emergency reaction
capacity. The uncertainty of emergencies requires procurement
management to take precautions and make strategic planning
for emergency procurement (56). The lack of strategic
planning in China has become a major problem of emergency
procurement management.

Status of the Procurement Department
In China’s response to COVID-19, MSG is the centralized
procurement department for emergency supplies. This article
analyzes 19 reference points from three aspects: the function
and organizational status of MSG and the role of conventional
public procurement department. It can be seen that the MSG
is responsible for “unified raising, management, and allocation”
of emergency supplies and is the department that coordinates
procurement, supply, and allocation (National document, GJ-
29). During the process of epidemic response, epidemic
prevention and control, medical treatment, scientific research,
and material support constitute the main functions of JPCH
(Provincial document, HS-05). The MSG plays an important
role in JPCH. The vice governor of X Province leads the MSG’s
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TABLE 4 | Related nodes and examples.

Dimension Reference points Main node Reference points Example

Strategic

procurement

objectives

30 Resolving public

risks

30 “Effectively safeguard the life and health safety of the people and the

country’s public health security.”(National Policy: GJ-11)

Strategic

procurement

planning

38 Requirements

definition

4 “Relevant departments shall jointly determine and timely adjust the varieties

of medicines and medical devices in the central reserve.”(National

document: GJ-38)

Sourcing 4 “Select pharmaceutical reserve enterprises according to their management

level, storage conditions, scale and operating efficiency.”(National

document: GJ-38)

Framework

agreement

6 “Enterprises undertaking the task of pharmaceutical reserve must sign a

pharmaceutical reserve framework agreement with the corresponding

pharmaceutical reserve management department” (National document:

GJ-38)

Questions and

Suggestions

24 “It is suggested to improve the tiered reserve management system for

public health events.” (Interview record: FT-C15)

Status of

procurement

department

19 Functions of MSG 10 “We will improve the mechanisms for emergency production, procurement,

rotation of storage and allocation of emergency supplies, and improve the

capacity of comprehensive coordination and classified support for

emergency supplies.” (National document: GJ-17)

Status of MSG 8 “Epidemic prevention and control, medical treatment, scientific research and

material support constitute the main parts of epidemic prevention and

control mechanism.” (Provincial document: HS-05)

Function of

conventional

public

procurement

department

1 “The public procurement Management Sector of BF in Y City plays the role

of procurement consultation. The central public procurement center was

not involved.” (Interview record: FT-B12)

Specialization of

procurement

management

22 Member of MSG 14 “The BIIT is the leader of the MSG because it knows the medical industry

better, and the pharmaceutical company is the reserve enterprise.”

(Interview record: FT-A12)

Role of experts in

centralized

procurement

center

8 “Experts from the public centralized procurement center were not involved,

and MSG commissioned local pharmaceutical companies to help with the

emergency procurement.” (Interview record: FT-B15)

Procurement and

supply integration

91 Partnership 8 “There are a total of 16 key producers of emergency supplies in X Province.

MSG designated specific personnel to the key enterprises, so as to

coordinate production, supervise the unified allocation of emergency

supplies.” (Interview record: FT-A12)

Production

process

integration

57 “The provincial MSG focused on the production of materials and strive to

solve the outstanding problems in key enterprises, such as lack of staff,

equipment, materials and logistics.” (Interview record: FT-A11)

Incentives 26 “Eligible key enterprises will be supported with a no more than one year’s

interest discount (50% off) of the special loan.” (National document: GJ-18)

Procurement

synergy

mechanism

99 Synergy between

governments

29 “JPCH organized special teams and established responsibilities,

coordinated between different levels of government.” (Interview record:

FT-A12)

Synergy between

government and

market

3 “MSG entrusted three pharmaceutical companies to help collect and store

the emergency supplies by paying management fee of 10%.” (Interview

record: FT-A12)

Synergy of

regulatory

32 “Market supervisors at all levels should strengthen market law enforcement

and intensify efforts to crack down on illegal activities.” (Provincial

document: HS-15)

Synergy of

Information

26 “MSG should designate special personnel to be responsible for the

statistics and reporting of the information on medical materials and the

demand for raw materials every day.” (Provincial document: HS-02)

Synergy between

procurement and

donation

9 “All kinds of donated material from home and abroad, except targeted

donations, especially those in urgent need, should be allocated by the

provincial JPCH.” (Provincial document: HS-04)
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FIGURE 6 | New confirmed cases in X Province.

special production team. The procurement and distribution of
emergency supplies reaching a certain value in Y City shall be
approved by the deputy mayor. The survey found that the MSG,
as a procurement department dealing with COVID-19, was at the
top of the emergency response organization.

The strategic function of procurement can be realized only
when the procurement department is highly valued by the
top management of the organization (37). Therefore, China’s
emergency procurement department (MSG) has gained the
organizational status corresponding to strategic procurement,
which provides organizational guarantee for realizing the
strategic objectives. However, this study also found that theMSG,
as a temporary organization, had no functional connection with
the permanent centralized procurement center, resulting in the
centralized procurement center almost played no role in the
emergency procurement. Therefore, in the context of discussing
the normalization of emergency procurement management, the
question of how to better coordinate the emergency procurement
function with the permanent government procurement function
becomes crucial.

Specialization of Procurement
Management
This article extracts 22 reference points from two aspects: the
composition of the MSG and the function of the experts in the
centralized procurement center. The procurement management
team for this epidemic is a cross-sector material support
team, involving BIIT, HC, BF, AB, BCA, etc. The BIIT takes
advantage of its understanding of the emergency industry
and is the leader of the MSG, mainly responsible for supply
chain coordination and supplier management. The HC is
responsible for gathering emergency needs and assisting in
material distribution. The BF is mainly responsible for fund
guarantee. The AB is responsible for auditing the distribution
of special funds and donated money or goods, material
procurement, fund accounting, etc. The Bureau of Market
Supervision (BMS) timely supervises and administers the quality,
price, and market release of emergency supplies. The Bureau
of Transportation (BT) ensures logistics and transportation,

TABLE 5 | Production of key medical supplies on April, 2020.

Type Products Daily capacity Daily output Growth rate

of daily

output

Protective

equipment

Medical

protective

clothing

(10,000 sets)

189 80 90.6 times

Sterilization

supplies

Hand sanitizer

(ton)

409 308 2.6 times

84 Disinfectant

(10,000

cases)

36.6 11.7 1.6 times

Medical

equipment

infrared thermometer

(10,000 units)

1.07 0.34 23.3 times

Test items Virus

detection

reagent

(10,000 units)

1,020 760 58 times

and large pharmaceutical companies assist in the collection,
storage, distribution, and transportation of emergency supplies.
However, in terms of the procurement expert team, experts
of centralized procurement center did not participate in the
emergency procurement.

Specialization of procurement management is a prerequisite
for dealing with the particularity of procurement environment
and complexity of procurement management under emergencies
and is a key factor affecting the success of strategic procurement
(37). The MSG has prominent cross-sector advantages at
macrolevel, which can fully make use of the advantages of
various departments to better coordinate and guarantee the
procurement and supply of emergency supplies. However, the
MSG is short of professional force of public procurement
on the microlevel. It still needs to replenish procurement
experts and let professional people do professional work,
so as to make the emergency procurement management
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more refined and better achieve the strategic objectives
of procurement.

Procurement and Supply Integration
At the beginning of COVID-19, China implemented effective
procurement and supply integration measures, including
partnership building, production process integration, and
incentive measures. The related reference points account for
one-third of the total in the text analysis results. In the first
3 months of 2020, 53% of the material support policies were
related to procurement and supply integration. Among them, the
production process integration is the most prominent. The MSG
at all levels makes great efforts to coordinate the resumption
of production, supply of raw materials and equipment, and
logistics to ensure the smooth flow of the supply chain. In terms
of partnerships, the government selected national and provincial
key producers of emergency supplies to establish partnerships;
set up on-site working groups to assist and supervise the
resumption of production and capacity expansion of enterprises;
and carried out national, provincial, and municipal unified
allocation of emergency supplies. In terms of incentive measures,
the governments carry out supporting procurement policies,
preferential tax policies, and financial support policies to
mobilize the enthusiasm of key enterprises for cooperation. In
this case, the integration effect of procurement and supply is
remarkable. The company of interviewee D11’ only took 3 days
to complete the application for production qualification and
start the new production line. The daily production capacity of
medical protective suits in X Province increased from 4,900 to
40,000 units in 1 month (FT-A11). Table 5 shows the national
level daily output growth rate of related products from January,
2020, to April, 2020 (69).

The integration of procurement and supply is an important
feature that distinguishes strategic procurement from traditional
procurement. Its core is to establish a long-term win-
win partnership with suppliers so that suppliers can make
greater contributions to the value-added of the organization
(60). Because emergency procurement is usually in a market
environment of shortage, public procurement management
departments need to consider how to organize not only
emergency procurement but also supplier relationships (54).
China’s experiences on procurement and supply integration
exactly shows the advantages of strategic procurement.

However, since the MSG is a temporary organization, the
partnership between the government and key enterprises
is temporary and established by administrative orders, and
there is no standard cooperation agreement between the
two parties (interview record: A12). Strategic procurement
requires the establishment of a long-term stable partnership
because long-term partnership is conducive to integrating
the partners’ advantages and resources, forming innovative
solutions. On the other hand, it is also conducive to enhancing
the capacity of response to supply chain, consolidating
strategic reserve and fundamentally improving the capacity
of emergency supporting (31). Therefore, how to combine
the temporary mechanism of emergency procurement
with the conventional procurement mechanism established

by the public procurement law, expand the function
of the conventional public procurement system, and
realize the integration of procurement and supply under
the normal public procurement system are urgent tasks
for China.

Procurement Synergy Mechanism
It is can be seen from the results of NVivo that procurement
synergy mechanism is the outstanding feature of China’s
public procurement to deal with COVID-19. The reference
points of it rank first among all the main nodes. Figure 7

shows the detailed procurement synergy mechanism in China’s
procurement measures in response to COVID-19. The strategic
goal of protecting people’s life and health constitutes the dynamic
mechanism of synergy. The synergy between governments, the
synergy between government and market, and the synergy
between procurement and donation constitute the organizational
mechanism of synergy, and the synergy of information
and supervision constitutes the guarantee mechanism of
coordination. One aspect of synergy between governments is
vertical synergy between different levels of governments, such
as the MSG of State JPCH coordinates the dispatching of
raw materials and production equipment for key enterprises
in X Province. The other aspect is horizontal synergy between
the same levels of governments, such as members of MSG
in X Province and Y City work together to coordinate
the production, procurement, and deployment of emergency
supplies. The synergy between government and market includes
the partnership between government and key producers, the
synergy among supply, centralized procurement, and unified
allocation through the nation, province, and city. The synergy
between procurement and donation lies in that all donated
funds and materials are distributed in coordination with
the JPCH. The synergy of information requires the key
production enterprises and designated medical institutions
gather supply and demand information of emergency supplies,
then build up an information system together with the epidemic
information. The synergy of supervision between different
sectors ensures the production quality and reasonable price of
products and ensures the efficiency of material allocation and
fund use.

The procurement synergy mechanism is the most important
guarantee for the implementation of strategic procurement in
China during the outbreak of COVIV-19. Since emergency
procurement involves a large number of stakeholders, the
synergy mechanism facilitates mobilizing different resources
within a unified system (62), improves the efficiency of
procurement management (70), and achieves organizational
strategic objectives.

CONCLUSION

From the perspective of strategic procurement, China’s
experience on public procurement in responding to COVID-
19 lies on emphasizing and realizing the strategic function
of emergency procurement. Specifically, first, as a strategic
procurement department, the MSG has established the strategic
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FIGURE 7 | Synergy mechanism of China’s emergency procurement.

FIGURE 8 | Public procurement system.

goal of safeguarding people’s life and health. Second, the MSG
is at the top of the emergency response organization (JPCH),
which ensures the implementation of strategic procurement
objectives. Third, a cross-sector procurement team leverages
the strengths of different administrative departments to ensure
the production, procurement, and allocation of emergency
supplies. Fourth, strong procurement and supply integration,
including highlighting production process integration, maximize
the emergency materials supply and successfully reconcile
the extreme market shortage. Fifth, a comprehensive and
in-depth procurement synergy mechanism fully mobilizes the
resources and capabilities of the public sector, the private sector,
and charitable organizations, and serve the strategic goal of
safeguarding people’s life and health.

However, to meet the requirements of strategic procurement,
the realization degree of strategic procurement in China’s
emergency situation still needs to be improved. First, a
strategic planning for emergency procurement is not fully
implemented. As a result, reserves are seriously insufficient,
emergency supplies rely on temporary supply, and emergency

production depends on temporary mobilization. In particular,
the reserve mechanisms needed for emergency procurement,
such as partnerships and framework agreements, are not well
prepared. Second, the emergency procurement department
(MSG) is a temporary team, and emergency procurement relies
on temporary policies, which lacks a standing mechanism. The
procurement and supply function of the MSG has not been
combined with that of the centralized procurement center, and
the procurement management team has not absorbed public
procurement experts, resulting in the lack of specialization
of procurement management. Thirdly, the conventional public
procurement system fails under the shortage market, so
it needs to be improved and better integrate procurement
and supply.

The crux of the problems mentioned above results from the
insufficient supply of the emergency procurement institution.
This study suggests that the public procurement law should be
reconstructed to accommodate the emergency procurement with
greater institutional flexibility and promote the transformation of
the public procurement to strategic procurement.
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Making Public Procurement Law
Compatible With Emergency Procurement
The emergency procurement system should not exist
independently of the conventional public procurement
system. On the contrary, emergencies of different harm
degrees, at different stages, along with different degrees
of urgency and different situations of market supply and
demand of emergency supplies, require different procurement
methods and procedures, and adapt different procurement
strategies. The public procurement law should also include all
procurement situations for the purchaser to choose. Excluding
emergency procurement from the scope of application of the
procurement law, although it can give temporary maximum
effectiveness, does not contribute to the establishment of a
more flexible, scientific, and compatible public procurement
system. China’s public procurement legal system should include
the emergency procurement situation and be suitable for
different types of emergencies and dynamic changes in the
process of emergency. Public procurement law compatible
with emergency procurement may avoid the marginalization
of centralized procurement centers and improving the level
of specialization in emergency procurement management, as
emergency procurement will be the conventional function of
the centralized procurement center. Public procurement law
compatible with emergency situation is also a common feature
of major public procurement laws in the world (58, 59, 63, 71).

Promoting the Transformation of Public
Procurement to Strategic Procurement
Firstly, the government should better integrate national strategic
objectives into public procurement objectives. Procurement in
response to the COVID-19 pandemic highlights that strategic
procurement should be more conducive to achieving the
government’s strategic objectives. This good practice can be
extended to the entire public procurement system to promote
more economic and social strategic goals, which is also part of
the value for money pursuit of public procurement.

Secondly, strategic procurement planning should be taken as
an important part of the emergency procurement management
system, and the value of the framework agreement for emergency
procurement and reserve should be brought into full play. In
fact, a framework agreement is the basis of partnership. Applying
a framework agreement to build better reserve is also widely
adopted in the world (55).

Finally, procurement and supply integration should be
improved. China’s current public procurement law ignores the

supply management function of procurement, resulting in its
failure in response to COVID-19. Therefore, to better play the
strategic function of procurement, we should attach importance

to the supply management function of procurement. Further, the
government should manage the suppliers from compliance to the
value they can create, from temporary short-term cooperation to
emphasizing a long-term partnership, so that suppliers can truly
become partners of the government in public management. Italy,
the Republic of Korea, and the UK have all successfully integrated
emergency procurement with supply management during the
outbreak of COVID-19 (36).

In summary, the desirable public procurement system is
shown in Figure 8.

Study Limitations
Due to the social distancing policies during the COVID-19
pandemic, the number of people interviewed for this study
was limited. In addition, China does not require information
disclosure for emergency procurement, so it is impossible to
obtain accurate information on supply and demand of emergency
medical supplies, resulting in limited data. As amajor emergency,
COVID-19 has not been defeated and further follow-up research
on procurement against it is still needed.
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Environmental regulation is a tool for teaching social and fiscal development that is carbon

neutral. The highly polluting food industry in China is a threat to the country’s long-term

environmental stability and affects public health in a significant way. Therefore, this study

investigates the effect of environmental parameters on environmental quality in China’s

food industry using the cross-sectionally augmented ARDL (CS-ARDL) model over the

period of 2010 to 2019.We find that environmental regulations negatively and significantly

impact environmental quality. The U-shape relationship exists between environmental

regulation and environmental quality. Moreover, government expenditure on health and

technological innovation reduces carbon emissions. The study’s findings suggest new

policy implications supporting the Porter Hypothesis. Finally, this paper offers policy

suggestions for China’s food industry to enhance its environmental performance.

Keywords: environmental quality, economic environmental regulations, government health expenditure,

innovation, Porter Hypothesis

INTRODUCTION

In China, energy consumption and CO2 emissions rank first and second globally. According to
the international energy agency, China’s primary energy utilization reported 24.27 % of global
energy utilization in 2019 (1). Moreover, it was responsible for 28% of the world’s total emissions
in the same year, resulting in 9825.80 million metric tons of CO2 (2–4). Excessive energy use in
China has brought environmental degradation. The conflict between environmental protection and
sustainable economic growth makes it difficult to build a harmonious society.

Moreover, the degradation of the environment and environmental scientists and politicians
are increasingly concerned about carbon dioxide emissions (CO2). As a result of their desire to
achieve rapid output growth, many developing and developed countries compromise air quality
and environmental health (5, 6). As a result of deteriorating air quality and environmental
conditions, Health-related expenses are in greater demand to maintain a healthy lifestyle (7).
Seven million people worldwide die prematurely each year because of air pollution. Increasing
levels of environmental pollution caused by anthropogenic discharges such as CO2 have an
impact on the cost of health care spending (8). Health expenditures are constantly rising due to
the need for governments to fund a better system of health care delivery and access to public
insurance (see Figure 1). The need for health care foundations and insurance is growing as a
result of urbanization, industrial expansion, an increase in energy utilization, the development of
infrastructure, and the migration of people from rural to urban areas (9). An advanced level of
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FIGURE 1 | China’s health expenditure and CO2 emissions over the period of

2000-to 2019.

health expenses is indicative of two things: (a) a society that is
concerned about public health and individual; and (b) chemicals,
air pollution, and harmful diet may come from a high amount
of industrial output (10). As a result, examining the interactions
between the environment, healthcare spending, and economic
growth becomes increasingly essential.

The food industry had a significant adverse effect on the
environment due to its importance to national economic growth.
The food industry does not consume a lot of energy or emit a
lot of emissions. But to meet the demands of 1.4 billion people
the industry has evolved and experienced rapid growth over the
last few years (11–13). As a result, the food industry in China
continues to be a significant consumer of energy, with 57.95
million tons of coal equivalent (tce) of energy, accounting for
2.84 % of China’s total industrial energy consumption (14–16).
As a result, the issue of carbon emissions caused by industry
should be given the attention it deserves. Carbon emission
reduction can only be achieved by analyzing the characteristics
and primary driving forces of carbon emission in the industry,
quantifying the impact of each factor, and proposing specific
emission reduction strategies.

The amount of carbon dioxide emitted by industry is highly
related to the process by which the industry produces its products
(17, 18). In contrast, from the perspective of the industry chain,
the relationship between other sectors in the economy will also
have an impact on the production activities of the industry,
as well as its energy consumption and carbon emission in all
aspects of its operation (19–21). It is essential to investigate
environmental problems to understand the relationship between
the food industry and other industries. To address environmental
issues, China has implemented a variety of strategies, ranging
from directorial procedures to a more inclusive use of decree,
economics, and scientific technology. The construction of China’s
environmental safety system, which encourages a stern ecological
protection and power system, has made significant progress
in this process. According to the Kyoto Protocol and Paris
Agreement, China actively engages in global environmental
governance through multilateral environmental negotiations.

With four discs of central environmental safety reviews
since 2016, China has exerted considerable effort to ensure

that all industries, including the food industry, are subject
to strict macro-controls and environmental governance. New
environmental protection laws and environmental tax laws
implemented in 2015 and 2018 will put the food industry at
risk of being shut down if they don’t meet environmental
protection and production standards. Some food companies are
losing market due to rising financing in environmental safety
organizations (22, 23). As a result of implementing local and
industry-specific strategies, environmental authority is stronger
than ever. When it comes to environmental regulations, food
companies are explicitly mentioned in the Work Plan for
Prevention and Control of Air Pollution and the Special Action
Work Plan for Cleaning and Rectification of Illegal Projects in
the Food Industry. Environmental regulation is widely regarded
as a valuable tool for reducing pollution (24). Efforts to address
environmental pollution’s external costs have been successful.
The food industry is subject to a wide range of regulations aimed
at reducing energy consumption and emissions from the Chinese
government (25).

This article aims to investigate the impact of environmental
regulations and health expenditure on CO2 emissions in China.
To be more specific, this research is groundbreaking in three
ways: The following differences were observed: (I)As opposed
to prior studies, this analysis used different proxies for public
and private health expenditures rather than aggregate health
expenditures.; (ii) For the first time, CO2 emissions were used as a
dependent variable, and the EKC framework was used to examine
the relationship between environmental pollution, health care
spending, and environmental quality; and (iii) Environmental
restrictions, health expenditures, and environmental quality were
analyzed using quantile regression. The rest of the paper follows
this structure. The second part of the paper reviews the relevant
literature on competitiveness and environmental regulation.
The third section’s theoretical underpinnings and methodology
are laid out here. Specifying the data and variables for the
econometric model is done in the fourth sector. The fifth section
presents the study’s results and robustness tests. Conclusions and
recommendations are presented in the concluding section.

LITERATURE REVIEW

Environmental Regulation and
Environmental Quality
There has long been research on the connection between business
competitiveness and environmental regulation in academia. The
compliant Price Hypothesis (26) and the Porter Hypothesis are
two of the most commonly studied theories on the consequence
of environmental regulation (27–30).

Regulation types and business responses are two variables that
have been difficult to pin down but are crucial in determining
whether and under what situations environmental regulation
has a negative or positive impact on competitiveness (6, 31–
34). When it comes to determining how regulation affects
competition, the style of instruction may even be more critical
than the degree of rigor. Additionally, the association between
environmental strategies and the environmental performance

Frontiers in Public Health | www.frontiersin.org 2 June 2022 | Volume 10 | Article 910643291

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Yang Environmental Law and Sustainable Development

and competitiveness of specific industries and businesses may
differ. To understand the connection between environmental
regulation and environmental quality, it may be necessary to
consider these factors in the methods of assessment.

Neoclassicfinancesgrips that the cost of compliance is an
important consideration. According to this theory, the cost of
environmental protection rises as a result of environmental
regulations. A lack of capital investment in technological
innovation will lead to a decrease in production efficiency as
a result of additional costs. The costs of pollution control are
imposed on businesses by environmental regulations. Higher
expenses will affect industry investment decisions, productivity,
and profitability (35). The compliance Cost Hypothesis was
previously supported by previous studies (36). A number of
recent studies have also backed up this theory. The Clean Air
Act amendments had a significant impact on the efficiency of
generator units, according to (37). This regulation, according to
him, had a negative impact onmore than 90% of coal-fired power
plants. According to Zhang (38), environmental regulations
hurt pollution-intensive businesses’ ability to compete.OECD
countries’ industrial sectors were studied by Zhang et al.
(39). It was recognized that environmental regulation strategies
decreased the efficiency of unproductive organizations and
pushed them out of the marketplace.

For environmental regulation, the Porter Hypothesis
presented a new avenue of investigation. According to Zhang
et al. (39), corporations would be forced to innovate and upgrade
their industrial structure as a result of environmental regulation.
Complying with the law is likely to have a negative impact
on innovation compensation. Because of advancements in
technology, businesses will be able to lower their environmental
pollution treatment costs in the long run. Companies’
competitiveness can be improved as a result of environmental
regulation by enhancing production efficiency (40). Porter
hypothesizes that environmental regulation has an impact on
a company’s ability to compete and make money, among other
things (41). Scholars widely accepted Porter’s Hypothesis in the
past (42). Recent research has bolstered this hypothesis (43).
It originates that environmental regulation in India’s cement
industry reduces pollution levels and increases energy efficiency,
and direct regulations positively affect the construction industry’s
commercial (44). Market-based green development efficiency
and environmental regulation were examined using the DID
model (45). Their findings confirmed the Porter Hypothesis by
showing that China’s carbon emissions interchange structure
enhanced green growth efficacy in preliminary provinces.
As further evidence of the Porter Hypothesis’s validity (46).
Environmental regulations, such as green taxes, had a different
but optimistic impact on the workforce and yield development
in 18 OECD countries.

However, the cogency of the Porter Hypothesis was
questioned by some academics. Using data from German
firms in 2009 (46) confirmed that the robust Porter Hypothesis
was not always legal. According to Bashir et al. (47), 28
subdivisions of China’s manufacturing were categorized into
efficiency-based groups. From 2003 to 2013, environmental
regulations were ineffective in promoting ecological efficiency.

Using the DID method (48) investigated the impact of China’s
advanced environmental protection rule on the productivity
of recorded companies. According to their study, the new
legislation did not meet expectations in terms of environmental
and economic outcomes. The Porter Hypothesis was put to the
test by Qu et al. (49), who built a monopolistic competition
model. According to the researchers, more capable firms in the
same industry benefited from environmental regulations, but less
capable ones did not. This is due to the fact that each company’s
innovation investment strategy is unique.

Health Expenditure and Environmental
Quality
As a final point of reference, the relationship between health
expenditure and environmental variables has focused on the
second spectrum of research. Compared to the EKC literature,
Scientists and researchers have paid little attention to this region
of the electromagnetic spectrum. Coscieme et al. (50) led a
study on the connection between healthcare costs and CO2

emissions. Their study, which was conducted using the STIRPAT
framework, discovered that healthcare spending in China was
associated with increased CO2 emissions. It was determined
that there is a two-way causal relationship between health care
spending and CO2 emissions. For example, Popp (51) discovered
a reversed U shape relationship between capital income and per
health expenditure. There was a view that economic maturity
is necessary for disease reduction, developed in the last stages
of economic growth. Their findings supported the hypothesis
that there is a direct relationship between CO2 emissions and
health expenditure per capita. Alimi et al. (52) investigated
the relationship between carbon dioxide emissions and health
expenditure. They discovered that environmental degradation
increases health expenditures by analyzing data from 15 West
African countries from 1995 to 2014. These findings were found
only for community health costs; however, results for private
health expenditures were statistically insignificant. The study
asserted that individuals are unlikely to spend their own money
on health-related issues caused by increased carbon emissions.
According to Yahaya et al. (53), using a panel data set consisting
of 125 emerging countries, CO2, nitrous oxide, and money
per capita all have a favorable long-term impact on health
expenses. But in the short term, Healthcare costs per person
were unaffected by increases in nitrous oxide and Sulfur dioxide
emissions in emerging nations. An additional finding of recent
research by Ibukun and Osinubi (54) was that improved health
expenditures result from poorer air and water quality.

According to the findings, greenhouse gas (GHG) emissions
are healthcare costs that a number of factors can predict.
CO2 is the most significant contributor to global warming
among all greenhouse gases, carbon monoxide was then
released (55). Paramati et al. (56) examined group data from
125 countries and discovered that greenhouse gas emissions
significantly increase healthcare expenditures. Khan et al. (57)
extends this model further As additional determinants of health,
population density, and infant mortality are included. According
to Alhajeri et al. (58), a fading environment has a negative
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impact on health indicators. According to the findings of a
study conducted in Nigeria, time-series data from the ARDL
model, population density, and infant mortality positively affect
healthcare spending. Furthermore, greenhouse gas emissions
have a negative impact on health care expenses. Peng (59)
discovered that greenhouse gases (GHG) are harmful to human
health in Nigeria. On the other hand, the findings were at odds
with other country-specific studies; for example, Qudrat-Ullah
and Nevo (60) discovered an affirmative relationship between
greenhouse gas emissions andMalaysia’s healthcare expenditures.

It has been discovered that health expenditures significantly
contribute to carbon emissions. For example, according to Yu
and Wang (61), expenditure on health care has a positive
correlation with levels of CO2 emissions. Kshetri (62) discovered
similar results for the Middle East and North Africa (MENA)
region. Their research found experimental data of an expansion
in environmental destruction as a result of an increase in
healthcare spending. Burns (63) presented findings supporting
previous evidence that health expenditure is a significant
contributor to carbon emissions, based on a panel of 20 countries.
Zaman and Abd-el Moemen (64) provided findings from their
study of the relationship between electricity production and
health expenditures, which revealed that health expenditures
contribute to the depletion of the environment. Fiodor et al.
(65) discovered that health outlays increase carbon emissions
by GMM. FMOLS approaches are being used to analyze data
from 58 nations participating in the Belt and Road Initiative (65)
use the ARDL co-integration model to examine the relationships
between health expenditure, CO2 emissions, and GDP per capita
in 18 OECD countries over the period 1975–2017. In the case
of New Zealand and Norway, they discovered bidirectional
interconnection between health expenditure and CO2 emissions.

The results of various econometric methods used to
investigate the relationship between CO2 and health expenditure
may or may not be affected. For example, Idrees and Majeed
(66) used 2SLS and 3SLS to analyze Pakistani health expenditure
data from 1998 to 2017 and discovered that CO2 positively
affects health expenditures. Their findings are similar to those
of Sarkodie and Strezov (67), who used FMOLS and DOLS data
from 1995 to 2017 for Pakistan to arrive at their conclusions.
A similar conclusion was reached for China by Sulich and
Sołoducho-Pelc (68) and Yu andWang (61), who discovered that
the exact Health care costs are inflated by the use of waste gas
and garbage. Data from China was used in both investigations
at the province level and used two different techniques, FMOLS
and quantile regression models, to analyze the data. However,
according to Wang et al. (69), quintile regression appears to be
better for regional comparisons based on income since the study’s
objectives are to be met. Their province-level study discovered
that the results for low-income regions were different from the
results for medium- and upper-income regions.

METHODOLOGY AND DATA

Econometric Model Setting
CD Test

Specifically, The homogeneity test devised by Su and Urban
(70) is used in this study, and the cross-sectional dependency

(CD) test developed by Hou et al. (71) as part of its estimation
strategy (2004). The examination of CD and heterogeneity has
emerged as a severe issue in panel data analysis because CD
and heterogeneity may produce incorrect or misleading results
(72). As a result, classifying dependency in panel data is critical
because of the expansion of socio-economic systems. There is
the potential for cross-sectional reliance in the event of arbitrary
shared shocks. This research uses a more sophisticated CD
test (73).

Unit Root Test

Pesaran (74) developed the cross-sectional integration properties
of variables (CIPS) unit root test, which we use to examine
the variables’ integration properties. In order to avoid bias in
estimates, the adoption of an appropriate unit root test is essential
that takes into account the CD. Many first-generation unit
root tests make assumptions about cross-sectional independence,
which can lead to incorrect estimates. When it comes to
identifying the existence of CD, the use of CIPS is very common.
The following is the equation for the test:

Co-integration Tests

Co-integration relationships between the underlying variables
must be identified after the stationarity diagnostics. Because of
the heterogeneity and CD, Westerlund’s second-generation co-
integration test is the most appropriate (2007). There is no
restriction on common factors in this test. Because of this, it is
preferable to prior generation co-integration tests, such as those
b (75).

Cross-Sectionally Augmented ARDL
(CS-ARDL)
The presence of cross-sectional heterogeneity in a panel data
model with large N and T is suggested by the large N and T
(76). Because of heterogeneity and cross-section dependence,
traditional approaches such as first difference estimation are
not appropriate. The generalized method of moments (GMM),
random effects, and fixed effects are not permitted (77, 78). This
study will use a recently developed approach known as the cross-
sectionally augmented autoregressive distributed lags model (CS-
ARDL) to obtain short-run and long-run estimate results (79).
The following is the basic model for CS-ARDL obtained by
transforming Equation (1):

yit = ϑi +
p
∑

l=1

γilyi,t−l +
q
∑

l=0

θ
′

ilXi,t−l + εit (1)

This method is appropriate for use when there is a concern
about heterogeneity, as it is robust to omitted variables,
endogeneity, non-stationarity, and cross-sectional dependence,
among other characteristics (80, 81). This approach proposes that
the conventional ARDL approach be supplemented by including
their lags, dependent variable, and cross-section averages of
covariates in addition to the traditional ARDL approach.

Specifically, the cross-sectional averages for the covariates
and the dependent variable are contained in Equation (3).
Furthermore, the lag length for the cross-section averages is
denoted by q, and the error term is denoted by εit . The
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FIGURE 2 | Methodological frame work.

unobserved common factor, which causes dependency among
cross-sectional units, is denoted by ft . Detrended cross-sectional
averages deal with the common factors, and their lags are
represented by the Equation (3). The pooled mean group (PMG)
approach will estimate the coefficients in Equation (2).

yit = ϑi +
∑p

l=1
+
∑q

l=0
θ
′

il
Xi,t−l +

∑q

l=0
δ
′

i,l
Zt−l + εit (2)

Zt =
(

yt ,X
′
t

)

εit = π
′
i ft + µit

It is possible to compute the long-run coefficients using Equation
(3), which is given below as follows:

π̂i =
∑q

l=0
θ̂
′
il

1−
∑p

l=1
γ̂il

(3)

This model’s error correction (ECM) form can be obtained by
transforming Equation (1) (82). The ECM model is defined as
follows in Equation (4) below:

yit = ϑi

[

yi,t−1 −∅iXit

]

−
p
∑

l=1

γilyi,t−l +
q
∑

l=0

θ
′

ilXi,t−l

+
q
∑

l=0

δ
′

i,lZt−l + εit (4)

Where,

ϑ̂i = −

(

1−
p
∑

l=1

γ̂il

)

∅̂i =
∑q

l=0
θ̂
′

il

ϑ̂i

As illustrated in Figure 2, this study followed several standard
phases of panel data analysis, as indicated by the arrows.

Variables and Data Sources
Dependent Variable

According to the China Energy Statistical Yearbook, the
food industry uses five types of final energy: coal, petroleum
products, natural gas, heat, and electricity. This includes four
sub-industries: food processing, food manufacturing, beverage
manufacturing, and tobacco manufacturing. The amount of
CO2 emitted by each industry isn’t readily apparent. The
IPCC methodology is used to estimate CO2 emissions from
the food industry in 29 Chinese provinces based on energy
consumption. In order to calculate CO2 emissions, a variety
of energy sources must be taken into account. The food
industry’s CO2 emissions from 2010 to 2019 are calculated in
this paper by adding up all of the products made with the
various types of energy used and their corresponding CO2

emission factors.

Core Explanatory Variable

We have environmental regulation and government health
expenditures among the most important explanatory variables.
In reality, the food industry does not have a standardized
environmental regulation tool. Because the industrial sector
is regarded as the primary source of environmental pollution,
this paper represents environmental regulation in the food
industry by examining regional initiatives. This paper categorizes
environmental regulation instruments into three categories
based on their implementers: command-based environmental
regulation, market-based environmental regulation, and
public-based environmental regulation. Command-based
environmental regulation is the most common type of
environmental regulation. When environmental regulations
are developed with public participation in mind, it highlights
the importance of citizens. To determine the intensity of
environmental regulation in each province, it is necessary to
compare the number of environmental petitions filed in each
province to the total number of environmental petitions.
Table 1 presents the descriptive statistics of each study
variable.

Control Variable

Technology Innovation
It has been widely accepted that technological innovation is an
effective means of reducing CO2 emissions in recent years, as
evidenced by a number of academic studies. R&D investment is a
sure bet for developing new ideas that can stand independently.
Research and development investment increases the level of
independent innovation. So, investment in R&D is a measure of
the level of independent innovation.

Trade Openness
The quality of the environment may be affected differently if
the trade is more open. Positively, FDI aids in the growth
of the industrial sector. The host country’s technological and
management skills can be continually improved as a result of
the spillover effects, resulting in a green transformation of the
industry. A drawback of industrial transfer is that some of
the most polluting and energy-intensive industries in developed

Frontiers in Public Health | www.frontiersin.org 5 June 2022 | Volume 10 | Article 910643294

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Yang Environmental Law and Sustainable Development

TABLE 1 | Descriptive statics.

Variable Variable

description

Mean Std. dev. Min Max

CO2 CO2 emissions

in (million tons)

281.164 227.653 7.883 1168.105

ER Public-based

regulation

0.373 0.295 0.000 1.719

HEXP Government

health

expenditure

409.73 237.34 128.20 880.19

Innovation Technical

innovation

16.387 29.478 0.069 195.828

Structure Industrial

structure

0.485 0.075 0.200 0.620

TO Foreign direct

investment

131.975 165.562 0.188 980.703

CS Capital

structure

7.061 10.369 0.003 54.157

ES Energy

structure

0.072 0.056 0.001 0.324

countries are brought to the countries where they will be used.
Malek and Desai (83) divided the environmental impact of trade
into three categories: scale, structural, and technological. Stopper
et al. (84) used this framework to explain how foreign direct
investment (FDI) affects energy intensity. When we convert
foreign direct investment (FDI) into RMB. The fixed asset price
index (the year 2000 = 100) is used to adjust the average
exchange rate.

Industrial Structure
Structure changes have the potential to have an impact on
environmental quality. The service sector has a lower energy
intensity than the agricultural and industrial sectors, which
significantly improves over the former. Because of the industry’s
upgrading and restructuring, the proportion of energy-intensive
sub-sectors is decreasing, while the proportion of technology-
intensive sub-sectors is increasing. It will result in a reduction in
the energy intensity of the manufacturing industry. As a result
of the dominance of secondary industries in China, there is an
increase in energy consumption as well as pollution emissions.
Consequently, the ratio of secondary industry output value to
GDP is used in this paper as a proxy for the industrial structure
of the economy.

Energy Structure
Restructuring and optimizing the energy structure is essential to
environmental improvement. When environmental pollution is
considered, the energy structure significantly impacts economic
efficiency and performance. Gondal et al. (85) discovered that a
disproportionate reliance on fossil fuels caused a lack of energy
efficiency. Coal consumption in the food industry as a percentage
of total energy consumption is used to represent energy structure
in this research.

TABLE 2 | Results of CD and LM test.

Variable LM CD

CO2 39.368*** 13.300***

ER 13.120*** 10.042***

HEXP 60.230*** 19.988***

Innovation 67.593*** 3.420***

Structure 73.131*** 14.725***

TO 26.800*** 0.188***

CS 15.742*** 10.450***

ES 31.048*** 6.398***

***1% significance level.

TABLE 3 | Unit root test.

Variables Level First difference

Constant Constant

and trend

Constant Constant

and trend

Integration

order

CO2 −2.035 −2.109 −3.558*** −3.750*** I(1)

ER −2.038 −2.096 −4.634*** −4.641*** I(1)

HEXP −1.928 −2.151 −3.992*** −4.311*** I(1)

Innovation −1.317 −1.736 −3.450*** −3.597*** I(1)

Structure −2.057 −2.067 −4.784*** −4.807*** I(1)

TO −1.809 −2.236 −4.148*** −4.235*** I(1)

CS −1.458 −2.361 −3.032*** −3.591*** I(1)

ES −1.519 −1.625 −3.340*** −3.417*** I(1)

***represent 1, 5, and 10% significance levels.

EMPIRICAL RESULTS AND DISCUSSION

CD and Unit Root Test
According to the panel data analysis, the majority of
environmental economists pay close attention to the concept of
complementarity. By ignoring the CD that has been revealed
by all of the tests that we have conducted, the results become
unreliable (86). In Table 2, the statistical explanations for
cross-sectional dependence, rejection, and the presence of
confirmation of CD are provided (LM test). This demonstrates
how an increase in one province directly affects another province.

The results of the unit root test conducted by Pesaran (74)
are presented in Table 3. As a result of the findings, the initial
difference, or I(1), is the point at which all variables are stationary.
It is possible to acquire both short-term and long-term findings
in this study using CS-ARDL and subsequent co-integration.

The results of the error correction mechanism co-integration
experiment conducted by Westerlund (87) are shown in Table 4.
The findings indicate that model-1, model-2, and model-3 have a
long-term cointegrating relationship.

CS-ARDL Results
Table 5 shows the results of the cross-sectionally augmented
ARDL long-run and short-run simulations for the error
correction term (ECM). The ECM indicates the rate at which
the adjustment or correction is made to achieve equilibrium.
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TABLE 4 | Westerlund’s (87) ECM-based approach.

Model Gt Ga Pt Pa

1 −4.085*** −16.193*** −35.751*** −4.085***

2 −4.157*** −17.834*** −31.972*** −4.157***

3 −3.715*** −17.933*** −28.444*** −3.715***

1, 5, and 10% significance levels represents the ***respectively.

TABLE 5 | Augmented mean group.

Variables Short-run Long-run

ER −0.13***[2.44] −0.080***[2.35]

(0.015) (0.019)

HEXP −0.57***[4.32] −0.34*** [4.60]

(0.000) (0.002)

Innovation −0.415***[−1.87] −0.262***[−1.94]

(−0.061) (−0.052)

Structure 0.051**[2.19] 0.030**[2.19]

(0.028) (0.029)

TO 0.33***[1.64] −0.820*[2.75]

(0.015) (−0.019)

CS 0.44***[2.52] −0.64*[2.65]

(0.001) 0.001

ES 0.41***[−1.87] 0.0026***[−1.94]

−0.061 −0.052

ECM(−1) −0.634***[−13.91] –

0.002

CD-statistics 1.69 (0.0917)

RMSE 0.01

F-statistics 2.05*** (0.000)

1, 5, and 10% significance levels represents the ***, **, and * respectively.

If the ECM is negative and statistically significant, the value of
the term shows convergence, and if it is positive and statistically
significant, the value shows divergence. The calculated value is
0.634, which is statistically significant, and it indicates that a 68
% adjustment occurs almost every year. In other words, the rate
at which the disequilibrium is corrected and the rate at which the
equilibrium is reached is 63.4%. Following the f-statistics value,
the model is highly statistically significant, and it also has a lower
root mean squared error (RMSE) value than other models.

In this sample, environmental regulation, represented by the
variable ER, reduces emissions by 0.1186% over the long term.
Environmental regulations that are more stringent and have
a greater number of regulatory policies are more effective at
lowering pollution levels. Companies’ temporary response to
regulation increases the cost of treating wastewater and exhaust
gases. It’s a waste of money because it competes with the
original production investments and doesn’t improve energy and
environmental efficiency (88). This means that companies will
take into account their long-term efforts to reduce emissions as
ER strengthens. The technology for reducing pollution reserves
will devote more time and resources to research to improve

energy and environmental performance. The administrationmay
have an undeveloped managing system in the early stages of
CER, which is known as command-based regulation. When
governments invest in projects aimed at reducing pollution,
they adhere to the same set of standards. This means that
all businesses’ energy and environmental performance must be
worsened because they are all forced to follow the same rules
mechanically. Governments also gain experience over time. It’s
possible for governments to craft more specific and unique
policies. Environmental pollution is effectively reduced, and the
government’s investment improves efficiency in pollution control
projects. ER can only be implemented if the general public is
aware of protecting the environment. Companies’ environmental
behavior cannot be effectively restrained if the general public
does not participate in environmental protection. As public
involvement rises, businesses will feel compelled to establish
environmental management standard systems independently.

It is clear from the empirical research findings that the
effect of environmental regulations on health expenditures
varies significantly from one region to the next. In terms of
health expenditure, ecological regulations for the median health
expenditure have a negative relationship with health expenditure.
While the industry consumes a large amount of high-polluting
energy to promote economic growth, it is widely believed that
this will have a negative effect on the health of residents and,
consequently, on health expenditure (89). Because of this, CO2

emissions and healthcare expenditures should have a long-term
relationship of co-integration.

TI has a negative relationship with carbon emissions, which
is consistent with the findings of Amran et al. (90) and Khanfar
et al. (91), who both fixed this negative relationship; however, The
findings of Ganda et al. (92) are in direct opposition to this.When
combating environmental degradation, technological innovation
is a critical component. As a result, TI may be able to assist China
in shifting its industrial and economic structure in the direction
of more sustainable development.

Effect of Regional Heterogeneity
Provincial heterogeneousness in environmental regulation and
environmental quality may exist as a result of varying levels
of development in different regions. Tobit random regression
is carried out in three regions of China in this section.
The outcomes are shown in Table 6 of our estimations.
Environmental regulation has a substantial U-shaped influence
on environmental quality (p = 1 and 5%, respectively). It’s
in line with the national sample’s findings. Companies have a
greater incentive to meet environmental standards when the food
industry is subject to more stringent environmental regulations.
CER’s first-order coefficient is negatively impacted by ecological
performance (93), while the second-order coefficient is somewhat
positive but not statistically significant. In a nutshell, increasing
the intensity of CER does not lead to an increase in inefficiency.

Robustness Test
We employ the robust OLS approach to ensure the model’s
resilience. Of course, the OLS estimators’ outputs were
reliable (Table 7). The study’s primary variables are scientific
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TABLE 6 | Regional heterogeneity estimation results.

Variable Central Eastern Western

ER −77.01*** −3.15** −8.53

−19.58 −1.246 −6.607

Public Health 34,916 44.41** 3,843***

−22,545 −20.29 −1,485

Control variables YES YES YES

Constant 0.907*** 0.928*** −0.0101

−0.149 −0.156 −0.0541

Wald test 107.84 81.34 111.41

0 0 0

Rho 0.554 0.509 0.134

−0.127 −0.133 −0.085

Log-likelihood 55.16 46.96 208.69

LR test 57.03 51.44 8.24

0 0 0

1, 5, and 10% significance levels represents the ***, **, and * respectively.

TABLE 7 | Robust results OLS.

Variables (1) (2)

ER −1.512*** −1.748***

HEXP −0.1985*** −0.1054***

Innovation −0.0505*** −0.082***

Structure 0.447*** 0.356***

TO 0.088*** 0.651***

CS 0.057*** 0.064***

ES −0.573*** −0.824***

Cons. 3.632*** 3.435***

1, 5, and 10% significance levels represents the ***, **, and * respectively.

innovation and energy-environmental performance. We retest
the robustness using a different dependent variable and a
different mediating variable. An ECPI indicator is developed in
this paper to measure the efficiency of a company’s operations
(94). The number of scientists employed by a company can also
be used as a proxy for its innovation capacity. As a result (95),
we enlist the aid of independent researchers to gauge the level of
innovation within the company.

After examining the long-term relationship between variables,
the Granger causality test will be used to determine whether
or not there is a causal relationship between the variables.
It is reasonable to expect a unidirectional or bidirectional
causal relationship between the series if the variables are not
stationary but after testing they are found to be cointegrated.
Using an enhanced vector autoregressive (VAR) framework,
the Granger causality hypothesis will be tested. Table 8 depicts
the Granger causality between the variables over a short
time interval. The environmental regulation Granger causes
CO2 emissions level. The level of CO2 emissions Granger
causes trade openness and a health expenditure. Furthermore,
there is bidirectional relationships between trade openness and
environmental regulation, trade openness and CO2 emissions.

TABLE 8 | Pair-wise panel causality tests.

Variable CO2 ER HEXP Innovation Structure TO

CO2 – 1.360** 0.136** 0.260*** 0.407* 3.290**

– (0.002) (0.528) (0.451) (0.378) (0.042)

ER 0.177* – 1.197** 2.922* 0.037*** 0.580*

(0.086) – (0.181) (0.051) (0.656) (0.387)

HEXP 0.709** 4.335*** – 5.837 2.064* 0.391**

(0.024) (0.021) – (0.009) (0.093) (0.486)

Innovation 0.813* 0.867** 0.475* – 0.119** 0.124*

(0.251) (0.240) (0.351) – (0.554) (0.675)

Structure 0.162** 4.353** 1.898** 0.898 – 3.578***

(0.046) (0.021) (0.105) (0.234) – (0.017)

TO 7.142* 4.322*** 0.143* 3.571* 2.292** –

(0.001) (0.038) (0.660) (0.017) (0.078) –

***, **, and * represent 1, 5, and 10% significance levels, respectively.

FIGURE 3 | Pair-wise panel causality tests.

The arrow direction represents Granger causality (see Figure 3).
This can be explained from the perspective of economic
significance. As a result, environmental regulation is beneficial
to the accumulation of innovation, and the strengthening
of environmental regulation will result in the coordinated
development of the environment and economy, as demonstrated
by this finding.

CONCLUSIONS AND POLICY
RECOMMENDATIONS

Conclusions
To ensure the long-term viability of the food industry,
environmental regulations must be taken into consideration.
Environmental quality and environmental law interact and
influence one another in our study, which makes use of the
Tobit model. The following are the results of our empirical
investigation. At a definite level of regulatory intensity, this
paper keeps up the Porter Premise in China’s food industry. ER
has a significant U-shaped association with the Food industry’s
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energy-environmental performance, shown in the graph. Most
province environmental regulation levels are currently below
the tipping point. Achieving the Porter Premise will only be
possible if China surpasses the modulation point in regulation
intensity. Foreign direct investment and R&D investment have
a substantial effect on energy-environmental performance, while
the power structure has a negative impact.

To begin with, environmental regulations have a direct
influence on the Food industry’s energy-environmental
performance, but technological innovation can also play a
role in mediating this effect. Environmental law, energy-
environmental performance, and scientific innovation play a role
in this influence mechanism. The food industry’s technological
innovation is also affected by environmental regulation in a
U-shape. If environmental regulations surpass specific intensity
thresholds, the food industry may be forced to innovate and
develop a competitive advantage.

Finally, the influence of environmental regulations on the
environmental quality of the food industry in China is regionally
distinct (96). ER form a U-shape relationship in the east,
while the association between ER and environmental quality is
negative. There is a substantial U-designed association between
environmental quality and CER in the central region. Only when
CER intensity exceeds 0.00404 can a win-win Porter outcome be
attained. CER, MER, and environmental quality form a strong
U-shape relationship in the western region.

Policy Suggestions
According to the findings, environmental pollution can’t be
reduced by a low level of regulation. The ecological quality can
only be improved if the environmental regulation intensity is
increased beyond the inflection point. As a result, three types
of environmental regulation must be strengthened (97). When
it comes to controlling pollution, command-based regulation is a
public approach.

To improve the quality of the environment, the management
must spend more money on pollution control schemes. It is,
however, a challenge for the government alone to achieve the
desired results (98). Large businesses have a unique opportunity
to reduce pollution by using market-based regulation tools.
A fundamental shift from terminal management to source
management should take place in how businesses use energy.
In addition, citizens can raise their environmental awareness
and become more involved in ecological monitoring. The
government should swiftly enforce the law in response to citizen
reports of environmental violations (47).

As a follow-up, the food industry should speed up the
development of an innovation system to encourage industry
modernization. Research shows that technical innovation has
a good impact on environmental quality. Environmental
technology research must be supported if the industry is
to succeed. Investing more in green technologies will help
companies better understand how to improve efficiency (99).
Firms can respond to stringent regulations by supporting
technological innovation. Soft technologies, such as high-tech
talent and advanced management experience, must also be
introduced by companies in addition to their clean, high-tech

devices. The food industry’s green development will benefit from
companies’ ability to digest and absorb technology, which will aid
in the absorption and digestion of technology.

Environmental regulations have an impact on innovation
activities, but it is important to distinguish between the effects
of different regulations. In order to improve environmental
quality, environmental regulations should be used effectively
to encourage continuous technological innovation. The
government should do more to promote technical advancements
in information security. The government can increase subsidies
for specific technologies to spur the practical impacts of
environmental regulation. Aside from setting ecological
standards for procurement, the administration can also
remove unnecessary capacity in order to help the Food
industry transition toward supply chain operations and
green manufacturing.

Environmental regulations must be chosen in accordance
with local conditions. Various one-size-fits-all environmental
strategies in China do not adequately reflect the country’s
environmental management requirements and must be
reformed immediately. The federal government should consider
regional characteristics when formulating environmental
regulation policies to make environmental regulations more
widely applicable.

Researchers found that environmental regulations affect
environmental quality differently in three regions. A shift
to community-based and market-based environmental
regulation is needed in China’s eastern region. There is a
need to reform resource and emission taxes in China to better
leverage the market’s regulatory character. It’s also essential
to raise awareness of environmental protection among the
general population so that public oversight can be more
effective (100). Increasing environmental pollution control
projects and enforcing environmental laws are necessary for
the central region. An increase in the level of command-
based environmental regulation is needed over time. The
government should use both command-based and market-based
environmental regulations in the western part of the country.
Using market-based processes such as emissions and payments
permit interchange, companies can exert the externality
effect of environmental regulations. It is difficult to meet
environmental protection requirements in the western region
because of the region’s weak environmental carrying capacity
and regressive fiscal development. Therefore, environmental
enforcement should be stepped up to prevent the transfer
of polluting productions and energy-inept from the east
to the west (101). To sum it up, given the wide variations
in environmental regulations across China’s vast territory, the
national government should exercise greater caution in enforcing
environmental laws.

Study Limitations and Future Research
The findings of this research are relevant to the food industry’s
green growth in the context of carbon impartiality. However,
it needs to highlight some deficits in this research. It is
impossible to evaluate environmental performance without
taking into account CO2 emissions, primarily due to an
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absence of pollution emission data. No data on industrial
sculpture, nitrogen oxide, or other pollutants is available to
us, so the performance indicator does not take these into
account. First of all, Zhou et al. (102) study does not have
access to data from prefecture-level cities. Our study relied
on a small sample of provincial data, and as a result, sample
selection deviation is possible. The results derived from sample
data are likely to be inaccurate and lacking in efficacy (103).
The research, for example, could develop in three different
directions in the future. Additional data on pollution emissions
or prefectures at the city level will help us assess green industrial
development. In order to conduct research on innovation and
green productivity, we can use data from listed companies.
As a result, the green movement will have a new outlook.
The national carbon emission trading market was formally
launched on July 16, 2021. To achieve carbon neutrality, this

market-based policy tool will be critical. Using carbon emission
trading to reduce industrial emissions and save energy is a

fascinating and important topic. Researchers and policymakers
will have a lot of work to improve the design of carbon emission
trading mechanisms.
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Emerging economies are showing promising growth and economic success, but the

growth process has significantly increased carbon emissions in these countries and

deteriorated environmental quality. Environmental degradation is an issue of serious

concern as it is directly linked to human lives and health. Since the creation of the

Sustainable Development Goals (SDGs), the Emerging Seven (E-7) countries have

struggled to meet the SDG targets, as it’s been a challenge for them to lower

carbon emissions and improve the quality of the environment. Thus, the present

study explores the key factors that significantly affect environmental quality. This study

examines the effect of institutional quality, energy productivity, and eco-innovation

on consumption-based carbon dioxide (CCO2) emissions for E-7 economies. The

cointegration analysis results show a long-run relationship between institutional quality,

energy productivity, GDP, eco-innovation exports, imports, and CCO2 emissions. The

results obtained using the cross-sectionally augmented autoregressive distributed lag

(CS-ARDL) model show that institutional quality, energy productivity, eco-innovation, and

exports adversely affect CCO2 emissions and improve environmental quality in the short

and long run. In contrast, imports and GDP are positively linked with CCO2 emissions

and contribute to environmental degradation. Policies that target institutional quality,

eco-innovation, and energy productivity significantly affect CCO2 emissions and help

improve environmental quality.

Keywords: institutional quality, energy productivity, trade, carbon emission, eco-innovation, E-7 countries, public

health, consumption-based carbon dioxide emission

INTRODUCTION

Climate change is an issue of serious concern for policymakers and researchers as it has a significant
impact on human lives (1). Countries globally are taking steps to mitigate global warming since
it had a critical impact on human lives and the environment through unexpected deviations in
weather, melting of the glaciers, rising sea levels, and overall temperature. The key element that has
a significant impact on global warming is greenhouse gas (GHG) emissions. Carbon emissions
significantly contribute to environmental deterioration, accounting for 75% of GHG emissions
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(2, 3). For the purpose of addressing environmental
deterioration, governments across the globe have proposed
several accords, including the latest in 2015, the Paris Climate
Accord, designed to control global warming to <2◦C. Like the
rest of the world, the Emerging-Seven countries have also set
carbon neutrality goals, Brazil, and Mexico, have committed to
achieve carbon neutrality (net-zero carbon emission) by 2050,
and Turkey has set a target of 2053. Similarly, China, Russia,
and Indonesia have set a target to attain carbon neutrality by
2060, whereas India has set a target of 2070 to achieve carbon
neutrality. Numerous nations, including the emerging seven, are
pressuring provinces, cities, and companies to accomplish net
zero CO2 emissions and slash 80 to 100% of GHG emissions by
2050 (4).

In the Paris accord (COP-21), one of the important elements
was the nationally determined contributions (NDCs) that
required countries to establish national or domestic goals for
carbon emission reduction. Countries worldwide, especially the
E-7 countries, have committed to carbon neutrality. The majority
of nations have set a target of zero emissions and carbon
neutrality by 2,050–60; others, such as Uruguay and Norway,
have set an even more challenging target to achieve net-zero
carbon emission by 2030. Though, it is critical to reach the aims
and objectives of net-zero carbon emissions and resolve climate
change problems. Every country in the E-7 has established a goal
for carbon neutrality. The E-7 nations are committed to attaining
carbon neutrality by promoting zero net GHG emissions among
organizations and localities. Due to its importance, numerous
studies have been carried out to ascertain the key elements that
can fasten the process of achieving the goal of zero carbon and
identify factors that have a significant impact on environmental
degradation. A substantial body of literature indicates that
economic development is an essential predictor of environmental
pollution (5–7). However, a limited but rising body of studies
has been carried out on the linkage between institutional quality,
energy productivity, eco-innovation, and the environment.

Previous studies have examined several possible variables in
this respect, including political and economic effects. Though
the results of these studies are not conclusive, Dal Bó and
Rossi (8) suggested that increasing institutional quality might
cut carbon emissions. The increase in resource allocation
may also lower carbon emissions (9). However, Le et al.
(11) noted that when a country lacks or has inadequate
environmental legislation, some enterprises may regard it as
the “pollution haven” and take chances to escape costly
pollution control expenditures in other countries. Shah et
al. (10) also suggested that the development process is
degraded due to inadequate institutional quality that might
raise risks and harm the environment. Though, a limited
amount of empirical research has evaluated the influence
of institutional quality and energy productivity on carbon
emissions, with contradictory findings (10, 12). The empirical
results continue to be conflicting (see, for example, (8, 9,
13–15). Furthermore, research studies on the dynamic link
between energy productivity, institutional quality, and CO−2

emissions in the context of E-7 countries are limited (14).
Institutions have been shown to influence economic growth (16),

TABLE 1 | Ratios and difference for consumption and territory-based emissions.

Country name CCO2/TCO2 CCO2–TCO2

Brazil 1.0107206 5.1853943

Mexico 1.0396787 18.06601

Turkey 1.0336859 14.12912

China 0.870745 −1330.027

Indonesia 0.96190721 −23.422668

India 0.905758 −245.011

Russia 0.83621317 −277.06946

TCO2 represents territory-based CO2 emissions, and CCO2 shows consumption-based

CCO2 emissions.

energy, and the environment (17–19). It is critical to include
institutions in the productivity, economic growth, and CO2

emission nexus (20, 21).
Furthermore, previous research studies focus only on the

influence of territory- or production-based CO2 emissions and
have not taken into account the multinational manufacturing
process. Previous studies have ignored the carbon emissions
measure based on consumption that is adjusted for exports and
imports. To put it another way, CO2 emissions are calculated
using two different approaches: consumption-based carbon
dioxide (CCO2) emissions and territory-based CO2 (TCO2)
emissions. The standard metric is carbon emissions based on
output, which excludes imports and exports. As a result, Peters
et al. (22) developed a new database of CCO2 emissions, which is
estimated as TCO2 emissionsminus exports plus imports. Several
research studies on both the CO2 data have shown different
results for lower, middle- and high-income countries (23, 24).

Moreover, concerns have been expressed that high-income
countries may reduce CO2 emissions through imports and
exports by moving highly intensive CO2 emissions products
to other countries. We estimated emission ratios based on
consumption for the E-7 nations. The ratios for CCO2 and TCO2

are shown in Table 1. The findings of Table 1 indicate that China,
Russia, India, and Indonesia, among the E-7 nations, are net
carbon exporters, whereas Mexico, Turkey, and Brazil are net
carbon importers. This means that China, Russia, India, and
Indonesia export things that contribute to their decreased CO2

emissions, whereas Mexico, Turkey, and Brazil import products
that increase their carbon consumption. This is because the E-7
nation’s export and import of equipment and chemicals products
decrease (increase) the country’s CCO2 emissions1 (25).

Therefore, this research fills the gap by investigating the
impact of eco-innovation, institutional quality, and energy
productivity on CCO2 emissions for emerging-seven countries
between 1995 and 2019. The current study fills the gap by

1The import and export of E-7 economies in the last five years reveals that

China exported 49% machines, India exported 14% chemical products, Indonesia

exported 23% mineral products Russia exports comprised 28% crude oil,

Brazil imports comprised 24% machinery, and 21% chemicals, Mexico imports

comprised 37% machinery and 27% transportation, Turkey imports comprised

23% machines and 14% metals (67). According to these numbers, the majority

exported items by carbon exporters and imported by carbon importers in the E-7

countries are equipment, chemicals, mineral, and transportation.
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adopting the recently established CCO2 emissions metric that
considers fossil fuels and accounts for emissions embedded
through exports and imports. Previous studies have used
production or territorial-based carbon emissions and have
overlooked the recently established CCO2 emissions. Thus, the
present study fills the gap by investigating the influence of
energy productivity, institutional quality, and eco-innovation
on carbon emission. Additionally, previous search studies are
mainly focused on developed countries; therefore, it’s important
to conduct this analysis for E-7 countries. The primary rationale
for taking the E-7 economies is that they are large developing
economies globally that have made tremendous strides over the
last two decades. The gap between the E-7 and G-7 nations
(United States of America, Canada, France, Japan, Germany,
Italy, and the United Kingdom) is narrowing, and the E-7’s
economic growth may exceed that of the G-7 by 2032. Over the
next 40 years, the E-7 Countries expected annual growth rate is
projected to be 3.5 percent in comparison to 1.6 percent for the G-
7 economies (26, 27). Additionally, the E-7 nations are big energy
consumers, accounting for more than 40% of world energy
consumption. As a result, it is critical to analyze the factors that
contribute to CO2 emissions in the E-7 countries. Moreover, in
this study, to determine the link between the variables, advanced
econometric approaches are employed. In this study, to have a
better outline of the influence of trade on CCO2 emissions, we
analyzed trade by taking imports and exports as separate variables
for the E-7 economies.

The rest of this paper is arranged as follows: the next
section (section Literature Reviews) gives the literature review
on institutional quality, eco-innovation, energy productivity, and
carbon emission. Moreover, this part also gives the literature
review for the control variables selected in this study (i.e., GDP
imports and exports). The third part of this article discusses
the research design, theoretical background, and analytical
techniques employed in this study. Section Results explains
and discusses the findings obtained using different statistical
methods. The last part gives the conclusion and discusses
policy implications.

LITERATURE REVIEWS

This section of the study discusses the existing literature
on the factors that significantly affect CO2 emissions. Many
scholars have examined the link between energy productivity,
eco-innovation, institutional quality, economic development,
international trade, and CO2 emissions [i.e., (12, 21, 25, 28–40)].
All these studies mentioned are discussed in this section below.

Economic activities have grown at an incredible rate in the
last few decades, raising worries about their environmental
effect. Increased economic activity results in an increase in
people’s income, but at the expense of natural resource depletion
and environmental damage. Numerous studies have revealed
substantial evidence of a unidirectional association between
economic growth and carbon dioxide emission (35). Chang (41),
for example, did research on China as a growing economy
and discovered that the country’s high CO2 emissions were

a consequence of its economic expansion. Jardon et al. (36)
conducted a research study taking data from 1971 to 2011 for
20 Latin American and Caribbean nations. The research revealed
contradictory findings. When the cross-sectional dependency is
neglected, the EKC hypothesis is verified; otherwise, it is rejected.
Similarly, several studies have shown that economic growth is a
key factor that enhances carbon emissions and deteriorates the
environment (12, 25, 42).

Similarly, numerous studies have been carried out on the
linkage between international trade and carbon emission. Isik
et al. (37) argued that enhanced openness to global trade
increases CO2 emissions for Greece. Likewise, Acheampong
et al. (38) examine the influence of trade, renewable energy,
and foreign direct investment on carbon emissions in Sub-
Saharan Africa, demonstrating that trade contributes to carbon
emissions. Additionally, several research studies have evaluated
the linkage between trade openness and global carbon emissions.
Stretesky and Lynch (39) evaluated the influence of exports
on carbon emissions by taking panel data of 169 countries
and concluded that exports would increase CO2 emissions.
Acheampong et al. (38) and Stretesky and Lynch (39) employed
the production-based carbon emission technique, which doesn’t
take into account international trade. In contrast to Stretesky
and Lynch’s (39) studies, Safi et al. (25) and Wahab et al. (12)
studied the impact of international trade on carbon emission,
taking CCO2 emissions as a measure that accounts for imports
and exports to show that exports lessen CO2 emissions while
imports boost CO2 emissions.

Studies examining the influence of eco-innovation on carbon
emissions have shown that it improves environmental quality.
The research of Zhang et al. (43) illustrates the relevance and
influence of eco-innovation in reducing carbon emissions by
taking China as a case study. Their study results showed energy
efficiency and R&D as the main elements that minimize carbon
emissions. For the period 1985–2012, in the case of Malaysia, Ali
et al. (28) evaluated technological innovation as a determinant of
carbon emission. According to the findings of the causality test,
there is a two-way association amongGDP and carbon emissions.
Similarly, their results show that there is a similar linkage between
technological innovation and CO2 emissions. On the other
side, investments in sophisticated and environmentally friendly
technology have been regarded as a means of decreasing CO2

dioxide emissions and improving the environment. Likewise, the
research study of Ahmed et al. (44) showed that eco-innovation
substantially enhances the environment by decreasing CO2

emissions by taking panel data from a sample of 24 European
nations. This indicates that nations that implement clean
technologies in their manufacturing processes may enhance the
quality of their environment. Additionally, Mehsah et al. (45)
studied the influence of innovation on carbon emissions in 28
OECD countries and demonstrated the validity of an inverted
U-shaped association between carbon emission and innovation.
This suggests that technological innovation is a key factor
and enhances environmental quality in OECD nations in the
long run.

Apart from the fact that all of the factors mentioned above
have a substantial influence on carbon emissions, academics,
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economists, and regulators have given little consideration to the
influence of energy productivity and institutional quality in the
literature. Huaman and Jun (29) claim that increased energy
production improves energy efficiency and, as a result, reduces
environmental damage. Prior research has mostly focused on
energy efficiency and intensity. The existing body of knowledge
acknowledges that energy efficiency enhances environmental
quality. In contrast, several research studies have utilized energy
intensity as a proxy for a country’s overall energy efficiency (46–
48). In their study, Hasanbeigi et al. (47) argued that the primary
drawbacks of taking energy intensity as a proxy for a country’s
energy productivity or efficiency are that the intensity rise may
not always correspond to a real increase in the efficiency. For the
reason that the existing research emphasizes primarily identifying
the determinants of energy productivity, little is identified about
energy productivity’s ecological effect. As a result, a scant amount
of research studies are focused on the environmental effect of
energy productivity, and a recent study by Ding et al. (21)
has shown that energy productivity may help mitigate CCO2

emissions taking G-7 nations as a case study. Similarly, Akram
and Umar (32) showed that energy efficiency also decreases
carbon emission and thus is one of the key factors that improve
environmental quality.

After a thorough overview of the existing literature, it is
obvious that scarce studies have studied the linkage between
institutional quality and carbon emissions. Lau et al. (30) revealed
the influence of institutional quality on the linkage between
growth and carbon emissions taking Malaysia as a case study.
The results suggested that unprejudiced and effective institutions
are highly vital for economic advancement to minimize CO2

emissions. Ibrahim and Law (31) observed that institutional
quality improves the environment and air quality. Moreover,
international trade worsens the quality of air in countries
with poor institutions as compared to countries with high
institutional quality where trade improves air quality. Abid (17)
included institutional quality in the debate between growth
and emissions, taking data from 1990 to 2011 for 41 EU
and 58 middle east, African (MEA) economies. He revealed
that institutional quality is vital in the chosen nations for
improving economic development and concurrently lowering
CO2 emissions. Similarly, taking China as a case study, Ameer et
al. (49) showed that institutional quality significantly decreases
carbon emissions. In contrast, Azam et al. (50) have taken
66 developing nations as a case study to demonstrate that
institutional quality enhances energy consumption and thus
increases environmental degradation. Similarly, Godil et al. (33)
study also showed that the country’s economic growth and
institutional quality enhance CO2 emissions by examining data
from Pakistan from 1984 to 2018. Mehmood et al. (34) conducted
a research study to determine the influence of institutional quality
on CO2 emissions taking Pakistan, India, and Bangladesh as case
studies from 1996 to 2016. The results were mixed and showed
that In Bangladesh and India, the influence of institutional
quality is negative on CO2 emissions, whereas in Pakistan, it
raises CO2 emissions. It is clear from the above discussion
that studies are inconclusive, and the studies mentioned above

employed the territory-based carbon emission as a metric of
environmental damage (i.e., CO2 emissions).

Unlike the studies discussed above, i.e., by Godil et al. (33),
Jardon et al. (36), Azam et al. (50), and Akram and Umar (32),
the current study fills the gap in the literature discussed and
adds to it in many ways. Firstly, the present analysis uses the
recently established CCO2 emissions metric that considers fossil
fuels and accounts for emissions embedded through exports
and imports. The studies discussed in the literature section
[like (32, 33, 50)] have used production or territorial-based
carbon emissions and have overlooked the recently established
CCO2 emissions. Therefore, the present study fills the gap
by investigating the effect of energy productivity, institutional
quality, and eco-innovation on carbon emissions. Unlike earlier
research investigations of Abid (17) and Zhang et al. (40),
this study employs new econometric methods to evaluate the
stationarity of the data, cointegration analysis, and long- and
short-run estimates. In this study, we used the cointegration
technique of Westerlund (51), Chudik et al.’s (52) CS-ARDL
model to identify the link between institutional quality, energy
productivity, eco-innovation, and CCO2 emissions. Moreover,
we also evaluated the influence of E-7 countries’ trade by
analyzing imports and exports individually for a complete
overview of the impact of trade on carbon emissions in E-
7 nations.

METHODOLOGY

This empirical study investigates the influence of institutional
quality, eco-innovation, and energy productivity on CCO2

emissions taking economic growth, exports, and imports as
control variables in the context of E-7 nations. Distinct from the
prior research on CCO2 emissions [see, for instance, (12, 42, 53)],
this research has taken different and unexplored exploratory
variables of energy productivity, institutional quality, and eco-
innovation. Moreover, we have applied advanced econometric
methodologies to acquire the findings. Furthermore, the sample
for this study is E-7 nations, and the time span is 1995 to
2018. The rationale for picking the time span of 1995–2018 is
attributed to the data availability of the selected variables for E-
7 countries. The dependent variable in this research is CCO2

emissions quantified in MtCO2e (Million tons) and is taken
from the Global carbon atlas database created by Peters et al.
(54). Economic growth data measured as the gross domestic
product (GDP), imports (IM), and Exports (EX) is sourced from
world development indicators (55). The data for eco-innovation
or technological innovation (EcoInov) identified as the growth
in environment-related technologies to the percentage of all
technologies is obtained from the OECD database. To measure
institutional quality in this study, we have developed an index
based on the data collected from the world bank. We have taken
six indicators to calculate the institutional quality of the E-7
economies, namely, voice and accountability, corruption control,
political stability and the absence of violence/terrorism, the rule
of law, regulatory quality, and government effectiveness.We built
an aggregate index of these six factors stated above in order to
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have a cumulative score for assessing the institutional quality of
E-7 countries.

Theoretical Rationale
In this study, we examined the factors that significantly impact
environmental pollution in the case of E-7 countries. The
economic model for this study is developed following Safi et al.
(25, 42, 56) and can be given as:

CCO2i,t = ϑ0 + ϑ1InsQyi,t + ϑ2 EnPdi,t + ϑ3GDPi,t

+ ϑ4 EcoInovi,t + ϑ5IMi,t + ϑ6EXi,t + εi,t (1)

In the above model, CCO2 stands for consumption-based carbon
emissions, InsQy shows institutional quality, EnPd stands for
energy productivity, GDP stands for economic growth, EcoInov
stands for environmental-related technological innovation, IM
stands for imports, EX stands for exports, ϑ1, ϑ2, ϑ3,ϑ4 ϑ5

and ϑ6 gives for parameters, and ε shows the error term.
The logical reasoning for selecting the factors mentioned in
the above equation Eq. (1) is in accordance with previous
research with a strong theoretical motivation. Moreover, past
research studies have only conducted studies based on the
territory CO2 emissions, ignoring CCO2 emission, which is
calculated as emissions within the boundaries of a country, also
known as territorial-based CO2 emissions plus emissions from
imports minus exports (57). Earlier research studies have ignored
institutional quality and energy productivity for the E-7 group
of countries, taking the recently established consumption-based
emission metric; therefore, the present study fills the research
gap. Institutions are mainly based on regulations, rules, and laws,
which can act as an important medium to accomplish sustainable
development goals. Additionally, the failure of institutions in a
country can be harmful to the environment and leads to excessive
emissions. Institutions in a country can help implement rules
and regulations related to the environment, which can lower
carbon emissions and improve environmental quality (31, 34).
Similarly, countries with high institutional quality can boost
their economy and keep in check high pollutant industries.
Therefore, institutions play a vital role via rules, regulations,
and laws implementation that ultimately affects carbon emission

(17), thus ϑ1 = ϑ CCO2 i,t

ϑ InsQyi,t
< 0. Based on studies (12, 21),

we have taken energy productivity as the independent variable.
Energy productivity has the potential to mitigate environmental
degradation in the following ways. To begin, energy productivity
results in a decrease in the import of fossil fuels, which results
in a decrease in emissions. Additionally, it reduces energy
expenses, and lastly, energy productivity reduces energy usage
in the production of each unit, which ultimately improves

environmental quality, therefore, ϑ2 = ϑ CCO2 i,t

ϑ EnPdi,t
< 0. We

also included economic growth as a control variable in this
study based on the studies of (41, 58, 59). Increased economic
activity enhances the demand and usage of energy, which is
increased carbon emissions, which contributes to environmental
degradation. Economic development is inextricably linked to
energy consumption and is projected to have an effect on

CCO2 emissions ϑ3 = ϑ CCO2 i,t

ϑ GDPi,t
> 0. We added imports

as an independent variable in accordance with the studies
of Safi et al. (42, 56) and Liddle (23). Goods produced in
other nations and utilized in the E-7 are predicted to have a

valuable influence on CCO2 emissions ϑ4 = ϑ CCO2 i,t

ϑ IMi,t
> 0.

Following Safi et al. (25) and Wahab et al. (12), we encompassed
exports as an explanatory variable in our analyses. Exports
help to decrease carbon emissions because they are associated
with the use of sophisticated technology, which results in
lower energy consumption, and because exported items are
consumed in another nation, which also results in reduced energy
consumption (60). Therefore, we predict that exports will have

a negative effect on CCO2 emissions ϑ5 = ϑ CCO2 i,t

ϑ EXi,t
< 0.

Lastly, we have taken eco-innovation as an independent variable
in this research. Eco-innovations have a detrimental effect on
environmental deterioration and contribute to environmental
quality improvement via a variety of routes. Eco-innovations
have the potential to significantly improve business performance,
cut energy consumption, and improve environmental quality.
Eco-innovation minimizes carbon emissions associated with
consumption via the use of environmentally friendly or
innovative technology that results in fewer CO2 emissions.
Thus, eco-innovation is anticipated to have an adverse effect on

environmental degradation ϑ6 = ϑ CCO2 i,t

ϑ EcoInovi,t
< 0. The predicted

outcomes are as follows: ϑ1 < 0, ϑ2 < 0, ϑ3 > 0,ϑ4 > 0 ϑ5 < 0
and ϑ6 < 0.

Analytical Framework
Prior to assessing the data’s stationarity, we investigated slope
heterogeneity and cross-sectional dependence. Both these tests
are important in determining the accurate unit root test for this
research study. Moreover, it’s important to employ these tests
and choose a unit root test that can account for cross-sectional
dependence (CD) and slope heterogeneity (SH). We performed
the method put forward by Pesaran and Yamagata (61) to test for
SH and Pesaran’s (62) technique to check for CD in the panel
data. The slope homogeneity equation can be given as:

1SH = (N)
1

2

(

2k
)

−
1

2

(

1

N
Ŝ− k

)

(2)

1AdjSH = (N)
1

2

(

2k(T − k− 1

T + 1

)

−
1

2

(

1

N
Ŝ− 2k

)

(3)

Where 1SH and 1AdjSH give the delta tilde and adjusted delta
tilde, respectively.

After determining the SH and CD of the panel data, for
unit root analysis, we adopted Pesaran’s (62) cross-sectionally
augmented IPS approach to determine the data stationarity we
have gathered from various sources in this research study. The
test used takes SH and CD into consideration. Additionally,
the unit root results also provide drift and trend analysis. In
this study, as cointegration analysis, we used Westerlund’s (51)
method to determine the link between institutional quality
(InsQy), eco-innovation (EcoInov), and energy productivity
(EnPd) and CCO2 emissions in the existence of imports, exports,
and GDP in context of E-7 nations. The reason for selecting
this technique is due to the fact that traditional data analysis
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approaches, such as random effects and fixed effects regression
analysis, may provide inaccurate results because they cannot
accurately express cross-sectional dependence in the error terms.
Thus, we used the cointegration analysis technique established by
Westerlund (51) to evaluate the linkage among the variables.

For our study to evaluate the short-run and long-run
association between the selected variables, we used CS-
ARDL (Cross-Section Augmented Auto-Regressive distrusted lag
Model), the method put forward by Chudik et al. (52). The basic
equation for CS-ARDL is as follows:

Ji,t = 6
pj
I=0βI,iJi,t−I + 6

pX
I=0δI,iKi,t−I + ∈i,t (4)

The above equation (4) gives the baseline equation for the CS-
ARDLmodel; however, it does not address the problems of cross-
section dependency, unobservable elements, non-stationarity,
and slope heterogeneity. If we run the analysis in this equation,
this will lead us to false and inaccurate results; therefore, the
above equation is further extended to account for the factors
mentioned above (52).

Jit = 6
pj
I=0βI,i, Ji,t−I+6

pk
I=0δI,iKi,t−I+6

pM
I=0σ

′
i, IMt−I+ ∈i,t (5)

In the above equation (5) Mt−I = (Ji,t−I ,Ki,t−I) gives us the
averages, whereas the lags are shown using pj, pk, pM . The
dependent variable is shown in Eq. (5) by Jit which is CCO2, the
independent variables InsQy, EcoInov, EnPd, IM, EX, GDP are
denoted by Ki,t , for the trend or timeM shows both cross-section
and dummy averages. The long-run equation of CS-ARDL is
as follows:

β̂CS−ARDL,i =
6

pK
I=0δ̂I,i

1− 6
pJ
I=0

̂βI,i

(6)

The mean group can be given as:

ˆ̄βJG = 6N
i=1β̂i (7)

In the same way, we derived short-run coefficients in
equation (8):

1Ji,t = βi[Ji,t−1 − θiKi,t]− 6
pJ−1

I=1 βI,i,1IJi,t−I

+ 6
pK
I=0δI,i1IKi,t + 6

pM
I=0σ

′
i, IMt + εi,t (8)

α̂i = −
(

1− 6
pJ
I=1

̂βI,i

)

(8.1)

δ̂i =
6

pK
I=0ϑ̂I,i

α̂i
(8.2)

ˆ̄δJG = 6N
i=1δ̂i (8.3)

The long- and short-run estimations of the CS-ARDL model
are given in equation (8), whereas ECM (-1) gives the speed of
adjustment toward the equilibrium. The ECM values that are
negative indicate convergence, whereas positive values of ECM
indicate divergence. In addition, the outcomemust be statistically
significant. Additionally, to assess robustness, this analysis

TABLE 2 | CD test analysis.

Variables Cd-stat Meanabs

CCO2 13.807*** 0.562

GDP 22.072*** 0.894

IMP 5.529*** 0.452

EXP 6.996*** 0.396

EnPd 10.259*** 0.708

EcoInov 2.127*** 0.218

InsQy −2.661*** 0.439

Asterisks *** show a 1% level of significance.

followed the AMG analysis (Augmented Mean Group) provided
by the study of Eberhardt and Teal (63). Additionally, we
used the Dumitrescu–Hurlin causality analysis to demonstrate
a unidirectional relationship from institutional quality, eco-
innovation, energy productivity, exports, economic growth, and
imports to CCO2 emissions.

RESULTS

The outcomes of the econometric methodologies covered in
section three are reported in this section. First, the outcomes
of slope heterogeneity (SH) and cross-section dependency (CD)
tests are given to determine the test to be conducted in this
research study. Based on the CD and SH test results, we
can decide on cointegration and unit root tests, as unit root
tests and cointegration tests from the first generation can give
us misleading outcomes. Thus, we first employed advanced
robust econometric approaches that can cope with CD and SH’s
problems. We employed the Pesaran (64) CD test analysis, and
the findings are given in the Table 2. The results of the CD test
show that panels in our data are dependent cross-sectionally with
significant results of test statistics, and the high value suggests
shock in one nation impacts other countries.

Similarly, model (1)-(3) gives the SH test results in Table 3.
The findings of (1) to (3) are significant at a 1% significance
level. Consequently, the null hypothesis of slope homogeneity
is rejected. The findings of SH suggest that among the cross-
sections, there are heterogeneity problems.

We employed Pesaran’s (62) cross-sectionally augmented IPS
method to test the stationarity of the data. Furthermore, the test
findings incorporate the intercept and trend. The results for the
unit root test are given in Table 4. The panel unit root results
reveal that all indicators are stationary at 1st difference with
the exception of CCO2 and eco-innovation (EcoInov), which
were found significant at level. Following Safi et al. (25, 56)
and Khan et al. (65), for the mix order stationarity, this study
used the panel cointegration analysis of Westerlund (51) and the
CS-ARDL econometric model that not only can deal with mix-
order of integration but also accounts for slope heterogeneity and
cross-sectional dependency of the panels.

Table 5 presents the results of the Westerlund cointegration
analysis performed using the approach set out by Westerlund
(51). The findings are given in the model (1)-(3), the mean group
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TABLE 3 | Slope heterogeneity test.

Models Variables Stat Values

Model 1 CCO2 GDP IMP EXP EcoInov ˜1 9.772375***

˜1Adj 11.00957***

Model 2 CCO2 GDP IMP EXP EcoInov EnPd ˜1 9.765034***

˜1Adj 11.25676***

Model 3 CCO2 GDP IMP EXP EcoInov EnPd InsQy ˜1 9.417859***

˜1Adj 11.12092***

Asterisks *** show a 1% level of significance.

TABLE 4 | Unit root test.

Variables At level I (0) At first difference, I (1)

Intercept Intercept and Intercept Intercept and

trend trend

CCO2 −3.457*** −3.296*** −4.368989*** −4.667316***

GDP −1.373426 −1.210632 −2.934399*** −3.295852***

IMP −1.922559 −2.478043 −4.542213*** −4.581494***

EXP −1.573971 −2.281165 −4.367194*** −4.498726***

EcoInov −3.965779*** −4.140779*** −5.844922*** −5.967767***

EnPd −2.077191 −1.979793 −3.591024*** −4.016477***

InsQy −1.049 −2.256349 −3.17351*** −3.296686***

Asterisks *** show a 1% level of significance.

TABLE 5 | Panel cointegration test.

(1) CCO2 GDP (2) CCO2 GDP IMP (3) CCO2 GDP

IMP EXP EXP Eco IMP EXP EcoInov

EcoInov Inov EnPd EnPd InsQy

Statistic Value Zt Value Zt Value Zt

Gt −7.803*** −14.983 −7.939*** −14.929 −7.051*** −11.994

Ga −25.816*** −5.929 −25.710*** −4.819 −20.013** −1.952

Pt −25.984*** −17.1331 −24.771*** −16.196 −18.568*** −10.846

Pa −29.858*** −8.5926 −27.206*** −6.379 −23.674*** −4.1293

Asterisks *** and ** shows 1 and 5% level of significance.

statistics are provided by Gt and Ga, and Pt and Pa provide
the entire panel statistics. The findings for the models reveal
a substantial long-run association between Institutional quality,
eco-innovation, energy productivity, imports, exports, GDP, and
CCO2 emissions at a 1 and 5% significance level.

After verifying a long-run linkage amongst the variables, to
assess the magnitude of the long and short-run connection for
each factor, we employed the CS-ARDL approach. The findings in
Table 6 reveal that all factors such as institutional quality (InsQy),
Eco-innovation (EcoInov), energy productivity (EnPd), Imports
(IM), and Exports (EX) and GDP have a substantial influence on
CCO2 emissions. The result inmodel (3) reveals that in the short-
run InsQy, EcoInov, EnPd, and EX have a substantial negative
influence on CCO2 emissions with coefficients of −0.0061,

TABLE 6 | CS-ARDL.

(1) (2) (3)

Variables CCO2 CCO2 CCO2

1IMP 0.2466*** 0.1155* 0.1142*

(0.0608) (0.0677) (0.0569)

1EXP −0.3528*** −0.2716*** −0.3789***

(0.0983) (0.0750) (0.0906)

1GDP 0.5479*** 0.4712*** 0.5412***

(0.1403) (0.1132) (0.1555)

1EcoInov −0.0157* −0.0342*** −0.0282*

(0.0081) (0.0099) (0.0151)

1InsQy −0.0029** −0.0061**

(0.0014) (0.0030)

1EnPd −0.7486***

(0.2697)

ECM (-1) −0.9123*** −0.8383*** −0.9984***

(0.0473) (0.0823) (0.0819)

Long-Run

GDP 0.6438*** 0.6105*** 0.5739***

(0.2080) (0.1721) (0.1739)

EXP −0.4043*** −0.3083*** −0.3895***

(0.1176) (0.0819) (0.0964)

IMP 0.2735*** 0.1758* 0.1189**

(0.0692) (0.0892) (0.0588)

EcoInov −0.0174* −0.0384*** −0.0320*

(0.0092) (0.0109) (0.0181)

InsQy −0.0038** −0.0041**

(0.0018) (0.0020)

EnPd −0.8806**

(0.4032)

F 1.5671** 2.7239*** 1.6320**

CD-Stat −1.7289* −2.7497*** −1.7570*

[0.0838] [0.0060] [0.0789]

The standard errors are in parentheses, in the CD stat row, the brackets [] give the

p-values, and Asterisks *, **, *** show the significance level at 10, 5 and 1 percent.

−0.0282, −0.7486, and −0.3789, respectively. This suggests an
increase in institutional quality, energy productivity, exports,
and eco-innovation lower CO2 emissions in the E-7 group of
countries. In contrast, economic growth and imports have a
strong positive effect on CCO2 emissions with values of 0.5412
and 0.1142, respectively, showing an increase in GDP and
imports boosts E-7 economies’ CO2 emissions. Model (3) also
gives the long-run coefficients for InsQy, EcoInov, EnPd, EX, IM
and GDP that are −0.0041, −0.0320, −0.8806, −0.3895, 0.1189,
and 0.5739, respectively.

The empirical results of institutional quality (InsQy) in
Table 6 indicate a negative linkage with CCO2 emissions. Model
(3) results show that InsQy causes a −0.0061 percent decrease
in CCO2 emissions in the short term. This relationship is
similar in the long term when InsQy results in an average
decline of −0.0041percent in CCO2 emissions. The results
revealed that the increase in institutional quality in both the

Frontiers in Public Health | www.frontiersin.org 7 June 2022 | Volume 10 | Article 878243308

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Safi et al. Institutional Quality, Energy Productivity, and Sustainable Environment

short and long-run significantly reduces CCO2 emission in E-
7 economies. The logical reasoning for that is that institutions
are mainly based on regulations, rules, and laws, which can
act as an important medium to achieve the goal of sustainable
development goals. Institutions in a country can help implement
rules and regulations related to the environment, which can
lower CO2 emissions and improve environmental quality.
Similarly, countries with high institutional quality can boost
their economy and keep in check high pollutant industries.
Therefore, institutions play a vital role via rules, regulations,
and laws implementation that ultimately affects carbon emission.
Thus increase in institutional quality enhances the quality of the
environment, and these results are also in line with the findings
of Ibrahim and Law (31) and Mehmood et al. (34). In contrast,
these findings contradict the studies, i.e., (33) that argue that
institutional quality leads to a rise in CO2 emission.

The results also show that eco-innovation negatively affects
CCO2 emission both in the long and short run. Eco-
innovation causes a −0.0282 percent decrease in CCO2 in
the short term. This relationship is similar in the long
term, where Eco-innovation results in an average decline
of −0.0320 percent in CCO2. The results revealed that
an increase in the use of environment-related technological
innovation leads to a decrease in energy consumption and lower
carbon emissions. Eco-innovations have a detrimental effect on
environmental deterioration and contribute to environmental
quality improvement via a variety of routes. Eco-innovations
have the potential to significantly improve business performance,
cut energy consumption, and improve environmental quality.
Eco-innovation minimizes carbon emissions associated with
consumption via the use of environmentally friendly or
innovative technology that results in fewer CO2 emissions. These
results are also in line with the previously published studies by
Ali et al. (44), Zhang et al. (43), and Khan et al. (53).

The results in model (3) for energy productivity (EnPd)
also show a significant linkage with CCO2 emissions both in
the long and short-run estimation. Energy productivity causes
a −0.7486 percent decrease in CCO2 in the short term. This
relationship is higher in the long term, where EnPd results in
an average decline of −0.8806 percent in CCO2 emissions. The
results revealed that an increase in the energy efficiency of E-7
nations leads to a decrease in the usage of energy that lowers CO2

emissions. Energy Productivity results in a decrease in the import
of fossil fuels, which results in a decrease in emissions. Second, it
reduces energy expenses, and lastly, energy productivity reduces
energy usage in the production of each unit, which ultimately
improves environmental quality. Our findings are similar to
previous studies (12, 21), which conducted a similar study for G-
7 economies. Our findings are also in line with the study of Amin
et al. (66), who conducted a study on N-11 economies showing
that energy productivity significantly decreases CCO2 emissions.

The results for economic growth in the model (1) to (3) show
that it positively affects carbon emission both in the long and
short run. Model (3) results reveal that economic growth causes a
0.5412 percent rise in CCO2 in the short term. This relationship is
a little higher in the long term when economic growth results in
an average rise of 0.5739 percent in CCO2 emissions. Increased

economic activity increases the demand and usage of energy,
the outcome of which is increased carbon emissions, which
contribute to environmental degradation. Economic growth is
inextricably related to energy consumption and enhances CCO2

emissions. Our findings are similar to (35, 41, 59).
Lastly, imports and exports results are given in Table 6

from the model (1) to (3). Imports greatly boost the E-7
nations’ CCO2 emissions. Import rises carbon emission by 0.1142
percent and 0.1189 percent, respectively, in the short and long
term. The findings reveal that the E-7 nations import energy-
intensive items. The point clarifies the results that commodities
manufactured in other states, imported and used in the E-7
nations, affect consumption and, ultimately, carbon emission.
By contrast, exports have a detrimental influence on carbon
emissions, with a−0.3789 and−0.3895 percent decline in CCO2

is caused by exports of E-7 countries. since commodities factory-
made in E-7 nations and exported and consumed in other nations
help lower E-7 economies’ CO2 emissions and enhances the
quality of the environment. These findings are similar to that of
previous studies (12, 56, 60).

We employed the AMG analysis to test for the robustness
of the CS-ARDL results. Model (1) to (3) in Table 7 gives
the detailed results of all the variables. The results in
Model (3) show that eco-innovation, intuitional quality, energy
productivity, and exports significantly decrease carbon emissions
with the values of the coefficients −0.0832, 0.005, −0.731,
and −0.346, respectively. In contrast to this, imports and
economic growth enhance CCO2 emissions with coefficients
of 0.173 and 0.791. These results also confirmed the results
previously obtained using the CS-ARDL analysis and presented
in Table 6.

TABLE 7 | AMG analysis.

(1) (2) (3)

Variables CCO2 CCO2 CCO2

GDP 0.459*** 0.600*** 0.791***

(0.056) (0.093) (0.111)

IMP 0.054 0.215** 0.173***

(0.065) (0.094) (0.050)

EXP −0.261*** −0.360*** −0.346***

(0.058) (0.062) (0.046)

EcoInov −0.0108* −0.027*** −0.0832**

(0.0057) (0.002) (0.0390)

InsQy 0.006* 0.005*

(0.003) (0.002)

EnPd −0.731***

(0.264)

constant −30.977*** −31.869*** −47.370***

(1.824) (0.798) (5.986)

Wald-Statistics 87.544 146.362 126.419

The standard errors are in parentheses, and asterisks *, **, *** show the significance level

at 10, 5 and 1 percent.

Frontiers in Public Health | www.frontiersin.org 8 June 2022 | Volume 10 | Article 878243309

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Safi et al. Institutional Quality, Energy Productivity, and Sustainable Environment

TABLE 8 | Causality analysis.

Direction W-bar Z-bar stat P Value

GDP → CCO2 4.818*** 7.142 0.000

IMP → CCO2 4.183*** 5.955 0.000

EXP → CCO2 5.058*** 7.592 0.000

EcoInov → CCO2 4.784* 1.927 0.054

EnPd → CCO2 10.457*** 6.040 0.000

InsQy → CCO2 8.897** 2.213 0.027

Asterisks *, **, *** show the significance level at 10, 5 and 1 percent.

The results of the Dumitrescu–Hurlin causality test are
provided in Table 8. The results demonstrate the relationship
from energy productivity, institutional quality, eco-innovation,
GDP, imports, and exports to CCO2 emissions. The outcomes
show that any policy targeting these aspects would significantly
improve environmental quality. The E-7 may achieve sustainable
development goals by focusing on these factors in order
to decrease carbon emissions and enhance the quality of
the environment.

CONCLUSION AND POLICY
RECOMMENDATIONS

Emerging economies are showing promising growth and
economic success, but the growth process has increased these
countries’ carbon emissions. Since the creation of the Sustainable
Development Goals (SDGs), the E-7 nations have struggled
to meet the SDG targets, as it’s been a challenge for them
to lower CO2 emissions and enhance environmental quality.
Several studies have been conducted to analyze the key factors
that can reduce CO2 emissions in developing countries. In this
context, the present study extends previous studies by exploring
the impact of institutional quality, energy productivity, and
eco-innovation on consumption-based carbon dioxide (CCO2)
emissions in the presence of control variables GDP, imports,
and exports. The cointegration analysis results showed a long-
run connection among institutional quality, energy productivity,
GDP, eco-innovation imports and exports, and CCO2. The
results of the CS-ARDL analysis showed that institutional
quality, energy productivity, eco-innovation, and exports have
a significant adverse influence on CCO2 emissions and aid in
enhancing environmental quality. In contrast to these results,
imports and GDP showed that they are positively linked with
CCO2 emissions and contribute to environmental degradation.

The results obtained using AMG analysis as a robustness
check further confirm these findings. The results using the
causality test analysis demonstrate that policies that target eco-
innovation, institutional quality, energy productivity, exports,
GDP, and imports significantly affect carbon emissions and help
in enhancing the quality of the environment.

According to the results of our study, policymakers in
the E-7 nations should prioritize improving institutions in
terms of implementing laws, rules, and regulations to have
better implantation of the government’s policy in these
countries. It will improve not only economic growth but also
enhance environmental quality and help achieve sustainable
development goals set by E-7 countries. The results of this
study suggest E-7 countries should adopt eco-friendly technology
that will help significantly reduce environmental degradation
and improve economic development in the E-7 countries.
Additionally, E-7 countries should focus on enhancing their
industry efficiency and energy productivity, as an increase
in energy productivity will lower the demand for energy
and energy consumption, ultimately leading to low carbon
emissions. This will improve environmental quality and help E-
7 economies achieve sustainable development goals. According
to the conclusions of this research, the E-7 nations should
impose environmental levies to incentivize businesses to evade
energy-intensive products in favor of clean, green energy
efficient renewable alternatives. Additionally, the causality
analysis results demonstrate that policies targeting institutional
quality, eco-innovation, energy productivity, exports, GDP,
and imports significantly affect CCO2 emissions and help
improve environmental quality. Institutional quality, eco-
innovation, and energy productivity will greatly cut CO2

emissions and help achieve the E-7 nations’ aim of sustainable
development goals.
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Human health and wellbeing are intimately linked to the state of the environment.

The current study emphasizes the role of environmental quality, government policies,

and human health. This paper provides a detailed literature review of existing findings

regarding our key variables of interest. The results argue that the implications of poor

government policies and environmental pollution for rising economic development have

led to poor environmental quality and health issues for humans. Based on earlier

investigations, the present study reviewed the state-of-the-art review and determined

innovative insights for outdoor and indoor environment difficulties. This study provides

a detailed review of human health, environmental quality, and governance quality. In

addition, the study conducts an empirical analysis using the annual data of low-income

countries from 1996 to 2020. Government actions and health systems must be

modified immediately to address these rising concerns successfully. The report offers

policy recommendations for addressing health, governance, and environmental change

mitigation issues, all of which are directly or indirectly related to the study. This article

presents an overview of environmental change’s health impacts and explores how health

hazards may be reduced or eliminated through effective adaptation strategies.

Keywords: human health, governance quality, environmental quality, indoor and outdoor temperature, health

implications

INTRODUCTION

Health is inextricably linked to climate change. Global climate variations have influenced human
health. A clean environment is essential for human health and wellbeing. On the other hand,
unrestrained and uncontrolled development contributes to environmental health issues because
it overexploits the natural environment and its resources. Environmental health challenges spread
across country borders, making them worldwide issues. The consequences can be immediate and
chronic, including water-borne infections caused by inadequate sanitation or skin cancer caused by
exposure to arsenic in groundwater or excessive UV radiation (due to depletion of the stratospheric
ozone layer). Because of technological activity, environmental degradation has started in emerging
nations and the growth of air emission sources such as automobile vehicles (1–5). Most of these
casualties (3.3 million and 2.6 million, respectively) are found in Asia, in which indoor air pollution
kills 4.3 million individuals and air temperature pollutants kill 3.7 million. As a result, it is very
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important to identify the problem, notably its hazardous
consequences on human health, and provide policy suggestions
for saving the environment and human health.

Growing environmental pollution has caused major concern
to population lives since the liberalization and deregulation,
in tandem with rapid economic expansion (6–12). Wildfires
in Australia and California, China’s worst floods in decades,
the first-ever heatwave in Antarctica with rising temperatures
above 20 ◦C, microplastic discovered in Antarctic ice, and
crop destruction by locusts swarming across parts of Africa,
the Middle East, and Asia occurred in the year 2020 alone.
Habitat loss is another important environmental problem, and
it is rapidly being caused by land clearance for agriculture
cash crops, e.g., fruits and vegetables, sugarcane, and palm
oil, making agriculture the largest driver of deforestation (13).
Poor air quality is a third important environmental catastrophe.
According to world health organization (WHO) estimates,
4.2 to 7 million people die each year due to air pollution
worldwide (14). According to research by the EU’s environmental
protection agency, roughly 400,000 people died in the EU in
2012. According to UNICEF estimates, 258,000 people died
in Africa in 2017 because of air pollution. Following the
COVID-19 pandemic, researchers have focused their attention
on the impact of air pollution on viral movement (15–20).
Recent studies have also found a link between air pollution
and COVID-19 pandemic related deaths and between air
pollutants and human disease transmission (15, 18). According
to researchers, if quick legislative and regulatory steps at the
global and national levels are not implemented, five new
pandemic illnesses will arise annually (21). They focus on global
politicians, whose recommendations on long-term economic
developments are crucial and can significantly prevent additional
environmental harm.

Good governance, also referred to as green governance,
gained some traction following the Stockholm United Nations
Conference on Human Development in 1972, establishing the
United Nations Environment Programme (22). As a result,
policies on environmental governance at the international and
national levels have become increasingly popular. Furthermore,
we are interested in the influence that formal state-imposed laws
and regulations may have on this research’s economic activity
and environmental quality. In addition, a lack of enforcement or
the evasion of current legislation (for example, by outsourcing)
may lead the activity to be illegal to shift from the formal
(more regulated) sector to the informal (less regulated) sector.
As a result, our second indicator of registration and licensing
links to more direct governance indicators, such as corporate
governance, economic stability, government effectiveness, and
voice and accountability.

The article examines the link between the administration
and ecological sustainability and perhaps develops policy
recommendations for states to preserve and enhance
environmental consequences. The importance of this study
is shown by the positive (or negative) effects of excellent (or
bad) policy in terms of environmental quality. Non-compliance
must be punished under better-governed policies and processes.
Multiple voluntary environmental contracts have frequently

resulted in suboptimal effects on the environment. As a result,
the impact of governance on environmental consequences must
be investigated. The study contributes to understanding the
impact of governance on environmental quality in various areas.

This review has tried to summarize the environmental
pollution, governance problems, and appropriate management.
As a result, health, and environmental experts, notably
policymakers, emergency physicians, and other clinicians
concerned with air quality and catastrophes, will find it
beneficial. This study also examines the origins of pollutants
in the environment, the diseases caused by environmental
pollutants and proposes feasible solutions that may benefit
environmental legislators and decision-makers. The following is
how the rest of the article is organized: Section Interconnected
Literature Review explores the interconnected literature review
about how good and bad governance can affect environmental
quality and human health? Section Environmental Quality
vs. Human Health examines the quality of the outdoor and
indoor environments and how they affect human health.
Section Empirical Results explains that climate change and
health is emerging challenge for the world. Section Discussion
On Climate Change, Governance, and Public Health will
discuss the policy implications for human health and better
environmental outcomes.

INTERCONNECTED LITERATURE REVIEW

The new civilized world’s primary concern is environmental
quality, and it has a big toxic impact on people’s health and
society. It has a wide range of pollution sources, including
automobiles, responsible for the majority of pollution. The
six principal contaminants are particle pollution, ground-level
ozone, carbon monoxide, Sulfur oxides, oxides of nitrogen, and
lead. People are harmed by toxicants floating in the air, including
respiratory and cardiovascular ailments, neuropsychiatric issues,
eye irritation, skin diseases, and long-term chronic diseases
like cancer (23). Pollution comes in many forms, from single
cigarettes to natural disasters such as volcanic activity and
enormous emissions from automobiles (24). The long-term
impacts of environmental damage on the onset of diseases such
as lung problems and inflammatory disorders, cardiovascular
disorders, and cancer are well documented (25), but air pollution
is linked to the deaths of millions of people worldwide every year
(26). Another study discovered a link betweenmale infertility and
air pollutants (27).

Although numerous studies have identified intriguing
correlations of health disparities, environmental and population
health studies are still mainly distinct domains. As a result,
little is known about the risk attributable to social and
environmental variables or how these hazards may interact to
generate synergistically or ongoing costs to the health of the
populations. There is a need to make environmental policies that
lift the environmental cleaning for better human health and a
healthy society.

The problem of environmental racism is a specific form of
environmental injustice. “Environmental racism” is defined
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TABLE 1 | Literature summary of governance policies impacted on the environment.

Authors Analysis Results

Fang et al. (28) New growth models Environmental protection and environmental transition encounter various, unpredictable, and cross-scale

difficulties.

Rehman et al. (29) Theoretical and empirical

analysis

The policy approach has a high priority and is well-understood.

Shang and Xu (30) Theoretical and database

assessment

Make the distinction between environmental management and environmental governance.

Payne and Apergis

(31)

Analysis of stochastic and group

convergence from per capita

greenhouse gas emissions

Address environmental governance as a regulatory framework, institution, and organization system that

allows public officials to explain environmental concerns and influence environmental results.

Tarazkar et al. (32) Kids and families of working age

have a favorable influence on the

environment.

Government environmental laws may have an “intellectual compensating effect,” encouraging more

offshore manufacturing of greener technology to enhance the quality of the environment.

Aslan and Altinoz

(33)

Theoretical paper The federal government is involved in environmental preservation efforts.

Li et al. (34) Economic data Local authority officers’ influence, conduct, and governing experiences impact its economy and

environmental quality.

Teng et al. (35) Based on pollution data The amount of money spent by the government on the protection of the environment has a substantial

impact on pollution control.

Wang et al. (36) Local authorities, at various levels, play a critical role in attaining the protection of environmental goals.

Wu et al. (37) Examine the influence of government management and citizen engagement on local environmental

quality.

Yu et al. (38) Demands from the public are favorable to a modest decrease in energy usage and improved

environmental governance efficiency.

as “racial discrimination in environmental policymaking,
regulation and enforcement agencies, the purposeful attacking
of communities of color for toxic waste facilities, the official
sanctioning of the life-threatening presence of poisons and
pollutants in our communities, and the history of excluding
people of color from the governance of ecology movements.”
Because of economic disempowerment and policies, no
community is forced to bear a disproportionate share of the
negative human health and the environment consequences of
pollution or environmental effects due to industrial, state, city,
and commercial projects or the implementation of federal, state,
local, and tribal programmers. Table 1 summarizes the studies
on government policies and their environmental impact and
human and animal health.

An increasing number of individuals and organizations
are becoming concerned about environmental protection.
According to the experience of industrialized nations such as
the United States and the European Union, a comprehensive
environmental public administration comprises the government
and the public community (39). In several other nations, such
as China, public engagement has lately emerged as an emergent
topic for environmental governance. The Chinese government
has already defended the public’s legitimate environmental rights
by establishing environmental protection hotlines andmailboxes.

The relationship between income, energy, and carbon
emissions has received a lot of attention in the literature, but
most empirical research hasn’t looked at the influence of the real
estate market on their models. Non-renewable sources of energy,
such as oil, natural gas, and coal, have been shown to increase
Emissions of CO2 in past studies (40–43). Renewable energy,

on the other hand, can help to reduce pollution. According
to another study, renewable energy use adds considerably to
CO2 emissions, whereas real income promotes short-term and
medium-haul environmental destruction (44, 45). This study
aims to add to the empirical literature by looking at the impact of
insurance market development on environmental degradation.

Another study found that economic development and
renewable and non-renewable energy usage have a beneficial
impact on CO2 emissions (46). Additionally, this research shows
that the actual estate market in Turkey has a detrimental impact
on reducing carbon emissions. Another study uses estimating
approaches to disclose UAE officials’ major findings and policy
recommendations (47). This study also includes a substantial
amount of empirical evidence and financial development (48, 49).

ENVIRONMENTAL QUALITY VS. HUMAN
HEALTH

External air temperature, daily temperature range (DTR),
temperature extremes, and other factors influence the external
environment (both in and out of house and offices). According
to studies on the relationships between temperature and human
health, the effect of ambient temperature on public health
produces cardiovascular problems (Figure 1). Additionally,
because the modern lifestyle necessitates spending a lot of time
indoors (at home and work), the indoor environment is critical
to human health. Despite this, studies on the impact of the
interior environment on human health are rare. According
to certain studies, an undesirable interior atmosphere might
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FIGURE 1 | Some major environmental problems and their pollutants cause major disorders in human health.

cause serious health problems in youngsters. Cardiovascular and
pulmonary death rates were higher than other ailments: digestive
system problems, infectious infections, and premature birth. The
impacts of indoor and outdoor settings on human health are
summarized in Table 2.

In terms of the outdoor environment, epidemiological
researchers have found that ambient air temperature changes
are linked to spikes in cardiovascular disease morbidity (50–52)
and death (6, 84). Previously researchers suggested that every
1◦C increase/decrease in temperature above/below-specified
points of reference increases the risk of heart disease (85, 86).
Several researchers used maximum and minimum standard
temperature ranges to investigate the health impacts of severe
high and low temperatures (63). Luo et al. (87) also found that
the relationships between PM2.5 and cardiovascular morbidity
were more responsive to different temperature and relative
humidity modifications. There is significant proof that there
is a relationship between surrounding temperature and the
growth of respiratory disorders such as COPD, bronchitis, upper
respiratory infection, and asthma. The increased mortality of
respiratory symptoms is linked to a susceptibility to unfavorable
ambient air temperatures (53, 88). The combined impacts of
meteorological variables may have an impact on respiratory
illnesses. For example, PM2.5 and PM10 can lead to 17.30 and
14.72% of total COPD hospitalizations, respectively, on days with
surprisingly low air temperatures (89). Environmental variables
have also been connected to the occurrence of gastrointestinal
system disorders (56), endocrine and metabolic mortality (57),
hemorrhagic stroke, kidney pain, diabetic fatalities (58), and
renal syndrome (59). The temperature has been demonstrated
to substantially impact gastrointestinal system illnesses in several
investigations. Infectious illnesses have been associated with
environmental variables in studies (60, 61, 63). Dengue fever has

increased by 11.9 and 9.9% for every 1◦C rise in the highest and
lowest air temperatures. Humidity levels reaching 78.9% were
adversely related to dengue fever probability (90).

Home air quality is connected to outside environmental
quality to some extent. People in cities devote around 90% of
their time indoors (91). As a result, the indoor environment
has a significant impact on human health. The physical
parameters of indoor air temperature and humidity are linked
to the concentrations of outside air contaminants. Variations in
indoor temperature and relative humidity are likely to produce
headaches, chest tightness, dry skin, and other symptoms in an
indoor weather pattern. The influence of interior development
on the environment has received significantly less attention than
the influence of the outer environment. As a result, we choose the
indoor and outdoor quality of the environment that may affect
public health.

Most of the researcher’s influence on indoor activities on the
environment has taken place in large cities. A thorough analysis
indicated that access indoors lower ambient temperature and
humidity levels in the winter, and moisture in the summer might
impact people’s health (73). The wetness indices were favorable to
dry and humid air (76). High levels of indoor PM2.5 and volatile
organic compounds (VOCs) in-home dust were identified as
potential health risks for youngsters (82). Indoor remodeling, use
of gasoline for cooking, keeping pets, and living with people who
smoke all influence public health and Indoor climatic elements
and air quality (77). Yu et al. (83) also found that burning
solid fuels inside increases the risk of cardiovascular death.
Solid fuels emit various airborne pollutants, primarily particulate
matter (PM).

Ambient temperature, moisture, and humidity are important
elements for human and animal health in the indoor
environment, specifically for the sensitive group (i.e., children).
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TABLE 2 | Literature summary on the outdoor and indoor environment, their causes, and health issues.

Authors Environment type Causes Disease

Ban et al. (50), Ge et al. (51), Cui

et al. (52), and Li et al. (6)

Outdoor Changes in the ambient temperature because

of climate change

Heart disease (CVD) is a condition that affects

changes in surrounding temperature and is

linked to morbidity and death.

Ma et al. (53) and Liu et al. (54) Outdoor Temperatures in the ambient air that are too hot Diseases of the lungs

Wang et al. (55) and Li et al. (56) Outdoor Environmental factors (PM) Diseases of the gastrointestinal tract

Li et al. (57) Outdoor Environment and temperature exposure Deaths due to endocrinology and metabolic

disturbances

Yang et al. (58) Outdoor Environment and temperature exposure Deaths caused by diabetes

Yang et al. (58) Outdoor Environment and temperature exposure Colic of the kidneys

Liu et al. (59) Outdoor Environment and temperature exposure Renal syndrome and hemorrhagic fever

Li et al. (60), Duan et al. (61),

Wang et al. (62), and Zhao et al.

(63)

Outdoor Environmental factors Viruses and other infectious disorders

Wang et al. (64) Outdoor Ambient air temperature Infectious diarrhea

Chen et al. (65), Jiang et al. (66),

Wang et al. (67), and Xu et al. (68)

Outdoor Ambient air temperature Hand, foot, and mouth disease (HFMD)

Liang et al. (69), Liang et al. (70),

Ding et al. (71), and Guo et al. (72)

Outdoor Cold temperature Preterm birth

Fan et al. (73) Indoor Meteorological conditions (i.e., air temperature

and relative humidity)

Children with asthma and respiratory illnesses

Fan et al. (73) Indoor The pollutant in the air Signs inside and in the lungs

Zhang et al. (74), Lu et al. (75),

and Qian et al. (76)

Indoor Temperature and emission of toxic pollutants in

the air

Pediatric allergies and asthma are linked to

indoor mold and moisture.

Deng et al. (77) and Liu et al. (78) Indoor Indoor variations in temperature Renovations, cooking, pet care, and human

health are considered.

Fan et al. (73) Indoor The ambient temperature is frigid in the winter,

and the relative humidity is low; the surface

temperature is hot in the summer, and the

humidity is high.

Effect the children’s health

Qian et al. (76) Indoor Dry and humid air Dampness indices

Deng et al. (79) Indoor Postnatal exposure to indoor dampness Asthma incidence

Zheng et al. (80) Indoor Home environmental factors (dampness) Childhood pneumonia

Zhang et al. (81) Indoor Home environmental factors (dampness) Asthma and rhinitis

Hu et al. (82) Indoor High levels of indoor PM2.5 and VOCs (in

house dust)

Children’s health

Liu et al. (54) and Deng et al. (77) Indoor Indoor air pollution, renovation, use of gas for

cooking, keeping pets, and living with smokers

Human health

Yu et al. (83) Indoor Solid fuels combusted Cardiovascular mortality

For example, children’s lung and respiratory issues are caused
by indoor air quality (i.e., temperature ranges and moisture
content) (73). Respiratory problems are caused by household air
pollution (19, 92). Allergies and asthma in children are caused by
indoor mold and humidity (76); and indoor exposure to certain
other environmental factors such as restoration work, preparing
food, owning animals cause serious diseases to public health
(77, 78).

DATA AND METHODS

This study provides a detailed review of human health,
environmental quality, and governance quality. In addition,
the study conducts an empirical analysis using the annual
data of low-income countries from 1996 to 2020. The study
reports novel solutions regarding the influence of economic,

non-economic, and governance indicators on human health.
Therefore, according to the existing literature, this study adopts
six variables’ data. This study uses the Incidence of Malaria (MI)
as a proxy for human health. However, the explanatory variables
include greenhouse gas emissions captured by metric tons of
CO2. For economic performance, we use the economic growth
factor indicated via gross domestic growth (GDP), governance or
institutional quality is captured by regulatory quality (RQ), and
government effectiveness. Besides, Domestic general government
health expenditures (GHE) are also examined in the empirical
model (18). Data for these variables are obtained from multiple
sources, covering the 1996Q1 to 2020Q4 period for low-income
countries1. The primary reason for adopting the small sample is
the unavailability of data, where the available data on the World

1https://data.worldbank.org/country/XM
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TABLE 3 | Variables specifications.

Variable Specification Data source

MI Incidence of Malaria (per 1,000 population at risk) http://apps.who.int/ghodata/

GHG Total greenhouse gas emissions (thousand metric tons of CO2

equivalent excluding Land-Use Change and Forestry).

https://www.climatewatch-data.org/ghg-emissions

GDP Economic progress as GDP (constant 2015 US$) https://databank.world-bank.org/source/world-development-

indicators

GE Government Effectiveness as governance-related measure of

countries’ performance

https://databank.world-bank.org/source/worldwide-governance-

indicators

RQ Regulatory quality on government performance. The estimate is the

country’s score on the aggregate indicator, ranging from −2.5 to 2.5.

https://databank.world-bank.org/source/worldwide-governance-

indicators

GHE Domestic general government health expenditure (% of GDP) http://apps.who.int/nha/-database

TABLE 4 | Descriptive statistics.

Variable Obs Mean Std. dev. Min Max

MI 96 240.23 34.3470 190.42 285.21

GHG 96 13.714 0.16364 13.4388 13.918

GDP 96 26.524 0.27830 26.044 26.896

GE 96 19.185 1.61203 17.26 22

RQ 96 19.781 1.84953 17.4 23.4

GHE 96 28.987 11.7715 13.696 44.5919

Bank site is only for 24 years. The variables and data specifications
are reported in Table 3.

Following the recent study of Farooq et al. (93), this study
constructed the following empirical model.

MIi = f (GHGi,GDPi,RQi,GHEi,GEi) (1)

The empirical models demonstrate that GHGi,GDPi,RQi,GHEi,
and GEi are the functions ofMIi. However, the empirical models
adopt the following econometric form for empirical examination:

MIi = γ0 + γ1GHGi + γ2GDPi + γ3RQi + γ4GHEi

+ γ5GEi + εit (2)

Where γ ′s are the coefficients to be estimated and γ0 is the
intercept in both the equations. Whereas I is the subscript that
shows the cross-section of countries. Besides, the “ε” is the
random error term of the regression model. It is important to
mention that low-income countries’ data is used as time-series
data. For empirical analysis, the study used unit root testing,
FMOLS, DOLS, and CCR regressions.

EMPIRICAL RESULTS

Descriptive Statistics
As the first step of the analysis, the descriptive statistics of the
research show the average values of gross domestic product
(GDP), malaria incidence (MI), greenhouse gas emissions
(GHG), government effectiveness (GE), government health

TABLE 5 | Unit root testing.

Variables Augmented Dickey-Fuller

I(0) I(1)

MI −1.6100 −1.6122*

GHG 1.248 −2.2241**

GDP −1.546 −4.551***

GE 0.1612 −1.661**

RQ 1.764 −2.5431**

GHE −0.0076 −4.431***

Significance is indicated by 10, 5, and 1% through *, **, and ***. I(0) is for level, and I(1) is

for the first difference.

expenditure (GHE), and regulatory quality (RQ). The descriptive
statistics include mean, maximum, and minimum values,
reported in Table 4. The minimum values are somehow nearby
to their median values depicting the balancing point of the data.
The standard deviation represents the volatility of the data and
how much data is spread around its mean values. The overall
values of the data describe that the data is symmetrical and
normally distributed. GDP and GHG are steady and have almost
same values in median, minimum and maximum parameters,
while GE and RQ values are nearby in median, minimum and
maximum parameters.

Unit Root Tests
After the descriptive analysis of the data, the stationarity tests
results of the data in the time series are shown in Table 5. Unit
root tests are applied to determine the stationarity properties
of data. Usually, the non-stationary trendy data depicts some
association in the long run. Additionally, the unit root is the
pre-testing test for cointegration analysis in the econometric
time-series study. The Augmented Dickey-Fuller test is applied
for testing unit root for the residuals. The test findings depict
that the data is stationarity at first difference. Gross domestic
product and government health expenditure are stationary at
a one percent level of significance, greenhouse gas emissions,
government effectiveness, and regulatory quality are significant at
a five percent level of significance, whereas onlymalaria incidence
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TABLE 6 | Empirical results of empirical model.

Dep. Var. MI Coefficients

[Std. Error]

FMOLS DOLS CCR

GHG 0.314***

[0.0361]

0.361***

[0.0462]

0.345***

[0.0321]

GDP −0.033***

[0.0031]

−0.033***

[0.0043]

−0.030***

[0.0034]

GE 0.037***

[0.0038]

0.035***

[0.0037]

0.024***

[0.0021]

RQ 0.0044

[0.0032]

0.0011

[0.0014]

0.0010

[0.0040]

GHE 0.0421**

[0.0048]

0.0411**

[0.0037]

0.034*

[0.0031]

Constant 29.693***

[0.2319]

26.897***

[0.2637]

28.984***

[0.2379]

Significance is indicated by 10, 5, and 1% through *, **, and ***. The standard error is

provided in the brackets.

is significant at a ten percent level of significance. The coefficients
of the first difference are negative but statistically significant. The
more the negative value depicts a stronger unit root, the more the
null hypothesis will be rejected.

Long-Run Estimates
We also analyze the empirical model test results of the data in
Table 6. The article aims to look at the effects of government
policies and environmental problems on people’s health. The
previous findings indicated that the variables in the research
project are cointegrated. Both models’ long-run estimations are
based on three cointegration estimates: fully modified ordinary
least squares (FMOLS), dynamic ordinary least squares (DOLS),
and canonical cointegrating regression (see Table 6) (CCR).
Other econometric estimators do not perform as well as these
estimators. We use malaria infections as a dependent variable
with other variables. Table 6 represents the empirical outcomes
of these regressions.

The coefficient values of gross domestic product (GDP),
greenhouse gas emissions (GHG), and government effectiveness
(GE), variables in FMOLS, DOLS, and CCR are statistically
significant at a one percent level of significance, while coefficient
values of government health expenditure variable in FMOLS,
DOLS and CCR are statistically significant at a five percent level
of significance. All other variables in long-run estimates are
positive and statistically significant except for regulatory quality,
which is statistically non-significant. The findings of the first
model depict that greenhouse gas emissions (GHG), government
health expenditure (GHE), and government effectiveness (GE)
positively influence malaria incidence (MI). A percentage
increase in these variables will improve the malaria incidence.
Likewise, gross domestic product (GDP) has a negative but
significant impact in the long run. The results are similar across
the three estimators. The outcomes are identical across all three
cointegration estimates.

DISCUSSION ON CLIMATE CHANGE,
GOVERNANCE, AND PUBLIC HEALTH

Discussion
The likelihood of high-temperature death and disease has
increased due to global warming. According to the International
Panel on Climate Change (IPCC), other health outcomes have
been influenced, including those resulting from a decrease
in food availability to youngsters (94, 95). Overall, the
existing literature supports our empirical findings, and these
are justified. For instance, the governance quality in low-
income countries is relatively poor, which leads to social
issues and health-related problems. Two primary techniques
are necessary to safeguard public health: mitigation, or large
reductions in carbon dioxide emissions, which corresponds
to prevention and treatment; and adaptation, or activities
to anticipate and lessen threats, which relates to treatment
and prevention (or public health preparedness). There are
several ways of dealing with the problem of global warming, a
variety of options are available. Many of these would instantly
enhance one’s health. Several viable remedies for environmental
catastrophes and health hazards range from lowering chronic
illness rates to decreasing motor vehicle collisions. Reducing
greenhouse gas emissions, implementing sustainable energy
technology, altering transportation patterns, and improving
building design are all doable, expensive, and appealing to many
stakeholders. Health practitioners are uniquely positioned to
develop policies that benefit the environment and people (96).
Climate change can increase numerous environmental health
concerns that doctors and public health experts are acquainted
with (97). Risks and population susceptibility will differ by
area; indirect implications, such as ecological collapse, may
eclipse more direct health impacts, which are more difficult
to assess.

According to the IPCC, climate changes have become more
common because of global warming. More research suggests
that unusual climatic circumstances may enhance the risk
of epidemiological mortality and morbidity in global climate
change. According to a study published by the World Health
Organization, 12.6 million people (including 2.987 million in
China) died because of bad working and living conditions,
accounting for 23% of all deaths (14). Risk factors that have
been identified, such as harsh weather and air quality, have
been proposed to harm human health and cause mortality and
morbidity (98). Several observational types of research in China
(52, 99) and other countries (100) highlighted the effects of
environmental temperature, multiple data sources, and actual
temperature on public health. Severe global temperatures have
a major influence on human health, according to conclusive
evidence (53), particularly within vulnerable communities (e.g.,
the elderly, children, and persons with chronic conditions) (101).
Seasonal temperature fluctuations also greatly impact human
population health, such as death rates from heart, lung, and other
infectious disorders (102).

States are being affected by global warming, and they rapidly
realize the need to plan for the effects on their infrastructure
and citizens. Several cities have observed significant increases
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FIGURE 2 | Main factors that cause good and bad effects on human health.

in the frequency and severity of extreme weather events; others
have seen changes in temperatures; and still, others have seen
coastline erosion, wetlands disappearing, and storm surges (103).
During the planning and organizing phase, stakeholders must
understand what to expect to build the required structures (104).
Adaptation and planning techniques are being developed in
several cities. Natural ecosystems perform a variety of mitigating
activities in this regard. Even though it is necessary to discuss a
methodology for and understanding of various types of terrains,
as well as a theoretical background, the most important thing is
to establish a common set of standards that is compatible with
the different ways in which disciplines and community members
perceive and value landscapes (105).

Climate change, pollution, human activity, and government
policies all have a variety of positive and negative consequences
on public health (Figure 2). Climate change has been related to
bad health outcomes for the past 20 years, hence actions to reduce
global warming and the accompanying negative repercussions
are necessary. Although climate changes may have substantial
ramifications for the health of the world’s people, high-quality
research and responsible, educated dialogue must continue
(106, 107). Understanding the link between global warming
and health and establishing strategies to secure a sustainable
future while safeguarding health will formulate effective future
policies. Besides dealing with climate change, co-benefits can
offer policymakers additional incentives to cut carbon dioxide
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emissions and short-lived climatic pollutants. Accounting for
benefits may show that lowering greenhouse gas emissions
produces net economic gains (66), as well as increased labor
productivity (108), and reduces health system costs (109).

How to Improve the Environment
Footprint?
The environment is essential to human survival and growth.
People’s physical, mental, and social health are all influenced by
their surroundings. Despite great advances, major differences in
environmental quality and public health exist within and within
European countries. As the economy has evolved, contradictions
between human and natural surroundings (e.g., air, ocean, forest,
and water) have grown more obvious. Environmental variables
and human health should be evaluated in a wider geographical,
social, and cultural context, considering various routes and
interactions. Environmental pollution governance can help with
present environmental difficulties and the economic challenges
different nations face. A robust foundation for economic
growth and pollution management’s integrated development is a
prerequisite for long-term sustainability.

International trade (import/export trade), according to
some studies, can help impoverished countries improve their
environmental quality, hence improving global environmental
quality (110). According to some studies, international trade has
impacted the ecology of developing nations. According to Ang
(111) and Dean et al. (112) developing nations, such as China,
have reduced environmental liabilities in global trade, resulting
in increased local pollution and transforming these countries
into pollution havens for polluting corporations from developed
countries. Cai et al. (113) came to a consistent conclusion on the
pollution haven’s effect during their study.

CONCLUDING REMARKS AND
APPROACHES TO CLIMATE CHANGE
ADAPTATION

Because of the critical role of governance in the health
community, effective governance has been a hot issue in
public sector management in recent years. According to studies
and data worldwide, “good governance” is one of the most
critical characteristics in emerging countries. The cornerstone of
progress is so-called good governance. The impact mechanism of
government environmental regulation, public engagement, and
their coordinated influence on public health are examined in
this study. The study used the data of low-income countries
from 1996Q1 to 2020Q4 and reported interesting empirical
findings. For empirical analysis, the study used unit root testing,
FMOLS, and DOLS regressions. The empirical findings reported
few interesting findings. An important finding of this paper
revealed that governance quality and environmental pollution
in low-income countries is the main culprit for health issues.
It shows a more than the urgent need for policymakers and
government institutions to design novel policies and reforms for
mitigating pollutant emissions and improving the governance
quality. Above that, the results can motivate the government to

enhance the environmental, governmental system, which benefits
for global health.

The best adaptation techniques accomplish many goals.
Improvements to key infrastructure might aid global warming
adaptation. Vegetation, building siting, white roofs, and
architectural design, for example, can help to lessen the urban
heat island effect and climate control power consumption.
According to recent research, air conditioning waste heat may
warm outdoor air by more than 1◦C, reducing the requirement
for air conditioning strongly impacts urban heat islands (114).

1. Green spaces such as woodlands and parks not only help to
minimize heat islands but also help to reduce stress (115–
117), neighborhood social cohesiveness (118), and crime
and violence (119, 120). Rather than a single technological
solution, an ecosystem perspective can provide several
advantages and efficiency improvements (121).

2. Seawalls have often been used to maintain shorelines when the
sea level rises. This coastal habitat also protects local fisheries
by preserving wetlands and marine feeding chains. Growing
mangroves for severe storm protection in Vietnam, on the
other hand, costs one-seventh of the cost of developing and
maintaining seawalls or dikes for the same reason (122).

3. Lack of physical activity is a major risk for various non-
communicable illnesses and is thought to cause 3.2 million
deaths per year (123). Increased urban walking and cycling,
sometimes known as “active transport,” has significant health
advantages. This strategy may deliver the greatest immediate
benefits by reducing health-damaging pollution levels and
enhancing fitness.

4. In high-consumption populations, reduced meat intake has
health advantages. Agriculture, livestock production, and
forestry account for around 24% of global greenhouse
gas emissions (94), with meat and dairy accounting for
most pollutants.

5. Increasing wind, solar, wave, and geothermal heat have
health and climatic advantages. According to Wisconsin
research, enhanced electrical power efficiency and renewable
production, which minimize carbon emissions at a low cost,
might lower statewide nitrogen oxide emissions by 55% and
sulfur dioxide emissions by 59 percent (124).

6. The cost of sustainable energy transition and transport
network reorganization programs continues to be a cause
of worry. The National Health Service in England and
Wales would save $25 billion over 20 years if active
transportation managed to reach Copenhagen levels (109); in
the United States, $3.8 billion per year (95 % CI, $2.7–$5.0
billion) would be saved through physical training advantages
result of increased biking (125). Increased opportunities for
physical fitness are likely to result in further financial benefits.

Every approach to reducing carbon emissions should provide
a risk assessment to ensure that potential benefits and
dangers are considered in estimated costs and unintended
effects. Government policies are crucial in recognizing and
communicating the health dangers of climate change and the
benefits of using fewer fossil fuels. Health professionals play
a unique role in policy concerns such as energy, housing,
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transportation, urban planning, agriculture, food systems, and
more. Environmental awareness needs to be promoted, pollution
needs to be handled, and future environmental quality needs to
be controlled.
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Pandemic or worldwide disease is the greatest issue of all time that not only

affects human health but also influences the economic, educational, and other

activities of the countries, since malaria is among the leading health disease that

disrupts the economic system of the country. Therefore, this study aimed to

analyze whether educational expenditure and technological innovation influence malarial

incidence in emerging economies. This study also examined the role of government

effectiveness, government health expenditure, gross domestic growth, human capital,

and research and development during the period 2000–2018. Employing panel data

approaches, including the slope heterogeneity and cross-sectional dependence, the

second-generation unit root test reveals the stationarity of all variables. The study also

validated the existence of a long-run relationship between the variables. Based on

the asymmetrical distribution properties, this study employed the quantile regression

approach. The empirical results asserted that education and technological innovation

significantly reduce malarial incidents in the panel economies. Also, government

effectiveness, research and development, and human capital adversely affect incidences

of malaria. In contrast, gross domestic product is the only factor found that increases

malarial incidents during the selected period. Based on the empirical results, this study

suggested policy measures that could benefit the governors, policymakers, and scholars.

Keywords: malaria incidence, educational expenditure, technological innovation, human capital, research and

development, government health expenditure, quantile regression

INTRODUCTION

Malaria is an ancient life-threatening parasitic disease that is instigated by an Anopheles
mosquito bite. According to the “United Nations children’s fund,” it is the third major child
killer in the world after pneumonia and diarrhea1. It is a major health concern that affects
almost 350 to 500 million lives and causes one million deaths worldwide. In the year 2020,
approximately 241 million cases of malaria were reported around the world, while in 2019,
almost half a million people died globally (1), though, the past decades were considered fruitful
in preventing and controlling malaria with ∼60% reduction in disease spread according to the
World Malaria Report (2). For this reason, WHO has initiated certain programs and strategies for
combating malaria in malarial endemic economies, but malaria is a reemerging disease (or plague)

1https://www.unicef.org/health/childhood-diseases#:$\sim$:text=prevention%20and%20treatment.-,Malaria,cent%20of

%20global%20malaria%20deaths
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FIGURE 1 | Number of malaria cases per year in Indonesia, India, Brazil, and Mexico Source: Statista 2022.

that mostly occurs in tropical poor areas and nation-states. In
the emerging economies such as Indonesia, India, Brazil, and
Mexico, 1.32 million (2018), 62,130 (2020), 159,401 (2019), and
641 (2019) cases of Malaria were reported, respectively, which are
signified in Figure 1. A total of six deaths have been reported in
China in the year 2020 and 19 deaths have been testified in the
year 20192.

Several climatic and health factors that cause malarial
incidents, attributable to the Management of Malaria (BBC), are
poor hygiene, the presence of mosquitos, variability of climate
and extremely high temperatures, increasing humidity levels, etc.
(3). In the present study, various other macros (country level)
factors have been discussed that cause an increase or decrease in
malarial incidents which are never being considered for research
purposes simultaneously. The current study aimed to scrutinize
those factors. In essence, it is commonly distinguished as the
improvement in health expenses, and economic growth (GDP)

2https://www.google.com/search?q=Number+of+malaria+cases+per+year+

in+Indonesia,+India,+Brazil,+and+Mexico+Source:+Statista+2022.&sxsrf=

ALiCzsb7YlOIDly-YKoo2HGvOBVD9UE6Aw:1655928090053&source=

lnms&tbm=isch&sa=X&ved=2ahUKEwjI1dLs7MH4AhXHhv0HHUcDCiwQ_

AUoAnoECBoQBA&biw=1366&bih=617&dpr=1

has a significant role in the reduction in (any) disease spread.
As well, for successful diagnostic and treatment, prevention,
and control of diseases tech advancement, education, and R&D
have a noteworthy role. Technological innovation is essential for
advancement and is joined at the hip of our daily lives. It helps
in the early detection of diseases, and sometimes, the hidden
causes and factors become visible and apparent that aid in disease
cure. Research and development are required for knowledge and
discovering new ideas (treatments/cures) for the management
of a disease. Educational awareness programs for coaching
basic prevention and remedial measures support disease control
because education prevents half of the disease by providing the
public with a better understanding and responsiveness toward
the disease (4), whereas healthy human capital and effective
government along with the certain implementation of SOPs
can play a vital part in effectively controlling the disease and
pave a means for economic development. Effective government
increases health expenses on illness treatment, healthcare
facilities/ services, and mobilization of health resources for
healthcare development that eventually bring improved health
outcomes and a lesser number of cases. Studies of Njau et al.
(4), Christaki (5), Lee and Jung (6), and Omri et al. (7)
highlighted the significance of these factors in the malarial
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disease, but still, the relationship among the variables is uncertain
or not appropriately evaluated. The increase in health expenses
and economic growth reduces the disease incidents (8, 9).
Similarly, do technological innovation, human capital, research
and development, education, and government effectiveness
besides GDP and health expenses do the same with incidents of
malaria in E6 countries which is a reemerging endemic around
the world?

The study has the following objectives. First, the study
aims to determine the role of the effectiveness of government,
education, research and development, and government health
expenditure over the malarial incidents (per 1,000 populations
at risk) in the first econometric model. Second, the purpose
of the study was to examine the influence of human capital,
technological innovation, and gross domestic product, besides
government effectiveness, over malarial incidents (per 1,000
populations at risk) in the second model. To accomplish
these objectives and following the study (10), the authors
employed variables with the inclusion of other factors such
as technological innovation, government effectiveness, human
capital, education, and research and development to evaluate
malarial incidences. Hence, for assessing the impact of various
factors on incidents of malaria in emerging six countries,
the association is investigated by causal analysis and panel
data approaches. The two modifications (Models 1 and 2) are
elaborated in the methodology section.

A limited number of studies in the literature witnessed the
said connotation. The lack of existing literature and uncertain
relationships on the effect of government effectiveness, human
capital, education, technological innovation, and research and
development on the incidence of Malaria led to this research.
According to the available knowledge of authors, Wei et al.
(10) is the only novel study that has consciously examined
the relationship between government health expenses, human
capital, and GDP on malarial incidents and cases in the case
of emerging economies. Despite this fact, some studies have
emphasized the role of economic growth and health expenses
on malaria cases and mortality rates. Therefore, the motivation
of the study is to evaluate the effect of a diverse range of
variables on incidents of malaria in six emerging nations, which
is a topic of concern for many researchers in the exiting era.
Second, malarial infection is ancient but is still prevalent in large
proportions of the world that is not only affecting the daily
lives and health of the individuals but also has a significant
impact on the socioeconomic conditions of the country, which
is hampering economic progress and putting barriers in way
of the sustainable development goals. Consequently, the study
incentivizes those factors of malarial incidents. The findings
support in the prevention and eradication of the disease in the
coming future.

The study contributes to the prevailing literature in the
succeeding ways. A few studies examined the impact of some
variables on disease incidents (8, 11–14) and were focused on
health and economic growth with mortality cases. First, the
present study is involved in assessing the effect of human capital,
technological innovation, education, GDP, health expenses, and
government effectiveness on malarial incidents. Therefore, the

study contributes by exploring the said connection which
has not been conducted till now. The study findings will be
beneficial in health policymaking in order to fight against
malaria because socioeconomical, ethical, and health measures
are necessary to eradicate this disease. Second, the study has
conducted a panel study in six emerging economies of the world
such as China, India, Brazil, Turkey, Mexico, and Indonesia
from the period 2000 to 2018 that have not been focused
formerly on the prevailing literature, which is a novel input
academically for emerging nations. Supplementarily, the present
study extends the debate on malarial infection incidents in the
case of emerging economies by including numerous variables
in two different modifications together with employing a panel
econometric analysis for scrutinizing the causal associations
among them, which is innovative research in the speculative and
empirical literature.

The succeeding section documents the review of existing
literature to elucidate the variable connections and linkages for
research. Section Data andMethodology is about the data, model,
methodology, and econometric approach description. Section
Results and Discussion deals with results and discussions, and
Section Conclusion and Implications describes the conclusion
and policy implications.

LITERATURE REVIEW

This section of the manuscript provides a comprehensive review
of the available literature on the aspects and connections of the
dependent variable, which is malarial incidents with the other
explanatory variables. The scarceness of studies in the existing
literature concerning the association between infectious disease
or malarial incidences with other factors underneath is cited in
some available shreds of literature evidence that tend to elucidate
the linkage between the study variables.

Gross Domestic Product
Gross domestic product has a substantial influence on
eliminating malarial infection incidences. Few authors have
briefed the relationship. McCarthy et al. (15) described an
inverse association between GDP and malaria prevalence. Orem
et al. (8) analyzed that, in Uganda, the increase in malarial
incidents has negatively impacted the GDP of the country, i.e.,
increasing one unit incident reduces USD$0.00767 of GDP per
year. However, an improvement in the gross domestic product
of a country can indirectly reduce malarial incidents despite
ignoring other factors (14). Wei et al. (10) estimated that the rise
in GDP influences the malaria cases or incidents representing
a negative relationship with malaria spread (incidents). Sarma
et al. (16) demonstrated that an increase in economic outcomes
(GDP) by almost 0.3% substantially reduced malarial incidents
by 10 percent. GDP (per capita) and incidents of malaria have
shown inverse associations in the study. In another study by
Kinyondo et al. (17), gross domestic product and malarial
mortality incidents have depicted unidirectional causality
running from GDP to incidents rates. The empirical findings
show a negative relationship between the variables.
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Health Expenditure
Expenditures on health are essential for the spread of a
certain disease whether it is a pandemic or endemic. The
connection between health expenses and malarial incidents
has usually an inverse association. Oluwaseyi et al. (18)
examined the association between public health expenses and
health outcomes considering malaria, HIV, infant, and maternal
mortality rates in Ghana and Nigeria. Both countries had low
public health expenses; however, Nigeria showed a positive
association and Ghana has a negative relationship with health
outcomes. Omri et al. (7) found that increasing health and
R&D expenses aid in improving health outcomes. Wei et al.
(10) scrutinized the relationship between government health
expenses, human capital, economic growth, and human health
considering malarial incidents and cases in emerging economies.
The empirical findings demonstrated that improvement in health
expenditures helps in reducing health disasters such as malarial
cases and incidents in emerging nations depicting negative and
Granger causes of malaria cases in the country. Nwanosike-
Dominic et al. (9) analyzed health expenses through government
substantially improve health outcomes that will reduce infectious
disease spread and cases in Nigeria.

Government Effectiveness
Limited studies have explored the relationship. Besides, Sarpong
and Bein (19) scrutinized governance effectiveness as a negative
association with malarial incidences in non-oil producing
countries while a substantial positive impact is found in
oil-producing economies. Liang et al. (11) examined the
association of government effectiveness with infectious disease
mortality cases and found an inverse relationship. The increase
in effectiveness number substantially reduces the mortality
incidences. Lee and Jung (6) described that government
effectiveness and legislation play a substantial role in disease
spread and control.

Human Capital
Malaria is spread in human hosts through mosquito bites.
The increasing population or human capital tends to increase
infectious diseases and incidents attributable to increasing
vulnerability (20). Goenka and Liu (21) explored infectious
disease and human capital significance. Dash et al. (22)
demonstrated that people in poverty-ridden areas have more
significant chances of catching infectious diseases which led
to increasing incidents, whereas areas having more economic
development with population density have lesser chances of
infectious diseases. As per se, health is considered another
measurement of human capital. Manuelli (23) suggested that
investing in human capital can help in fighting against diseases
like malaria and AIDS that become barricades to economic
growth. Wei et al. (10) found a bidirectional causal association
between human capital and malarial incidences that human
capital Granger causes in occurrence in incidents of malaria and
vice versa.

Education
Due to the scarcity of studies related to education and
malarial incidences, the following studies might help clarify the

association. It is stated that education plays a significant role in
preventing infectious diseases (24). Rahman and Kuddus (13)
inspected the malaria transmission dynamics. They concluded
that lack of awareness or education substantially affects an
increase in malarial incidences and severity. According to
the RBM Partnership to end malaria, a global platform for
eradicating malaria, a significant reduction in malarial incidences
because of educational awareness was realized (25). Njau et al. (4)
examined the role of maternal education on malarial infections
(childhood). The findings concluded that educational awareness
decreases the malarial infection burden (incidences) not only
in children but also in all age groups. Wang et al. (12)
studied the impact of education on the behavior of students on
infectious diseases. The findings concluded that health education
deliberately helps in preventing infectious diseases. Castro-
Sánchez et al. (26) also explored health literacy’s influence and
infectious diseases and found significant relations.

Technological Innovation
Early detection of malaria is positively related to malaria
elimination in living beings, which is possible through
technological advancement (27). Technological innovation
or product innovation for healthcare helps in detecting
symptoms of diseases beforehand and aids in treatment and
prevention. Further, it is also labeled as a risk reduction strategy.
Increased interaction with innovative technology for health is
beneficial in controlling a certain disease (28, 29). Technology is
now inseparable from our day-to-day lives. According to a novel
study by Huang, Brouqui, and Boudjema (30), technological
innovation has a positive influence on infection control and
reduces disease spread. In a review article, Christaki (5)
emphasized different technological methods for preventing and
controlling infectious diseases. Bhowmick et al. (31) highlighted
that the utilization of mobile technology supports the eradication
of malarial infection.

Research and Development
According to WHO Research and development blueprint, R&D
is a prerequisite for the effective and immediate development of
vaccines and treatments of various infectious diseases that are
resourceful in reducing disease spread and incidents (1). While
stabilizing the economies, research and development are essential
in order to make authentic vaccines to control infectious disease
spread. Research and development highlight certain factors that
would help in tackling emerging infectious diseases (32). Omri
et al. (7) depicted that improving research and development helps
in enhancing health outcomes (i.e., reduced mortality rates and
diseases). Anser et al. (33) estimated that the rise and fall of
research and development expenses and other elements led to
an increase in infectious disease cases across the nation-states.
Further, attributable to the National Academic Press (34) that
R&D confronts the transmittable disease threats is emphasized.

The subsequent Table 1 represents a summary of empirical
studies related to some study variables to elaborate on the
associations between the model variables whereas the review of
all related articles is as aforementioned.
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TABLE 1 | Summary of empirical literature review.

Author (Year) Country

(period)

Variables Methodology Findings

Orem et al. (8) Uganda

1997 to 2003

GDP and MI Double log econometric

model

MI decreases GDP

Njau et al. (4) Angola, Tanzania, Uganda

2006 to 2009

Education and MI Two-stage cluster sampling

(MIS)

Education decreases malarial incidences

Kinyondo et al. (17) Tanzania Mainland

2004 to 2015

GDP and MI Correlation and Granger

causality

Unidirectional association from GDP to MI

Wang et al. (12) China

2012 to 2013

Education and MI Questionnaire Survey Health educational awareness prevents

diseases

Lee and Jung (6) South Korea

2003 to 2017

GEF and MI Qualitative meta-analysis GEF significant change in infectious

disease spread

Nwanosike-Dominic et al.

(9)

Nigeria

1970 to 2013

GHE and MI Regression analysis Health expenses help in malaria reduction

Sarma et al. (16) 180 countries

2000 to 2017

GDP and MI OLS, fixed effect models,

2SLS

GDP and MI are negatively associated

Zhao et al. (14) 18 countries

2011 to 2016

GDP and MI Spatial and temporal

distribution

Improving GDP decreases MI

Liang et al. (11) 169 countries’

cross-sectional data

GEF and MI Multiple regression analysis Negative association

Sarpong and Bein (19) Sub-Saharan countries: oil

and non-oil producing

(2005 to 2017)

GEF and MI GMM Positively associated in oil-producing

countries and negative association in

non-oil economies

Omri et al. (7) Saudi Arabia

2000 to 2018

Health RandD

expenditures and MI

DOLS Health RandD expenditures aid in

decreasing MI

Oluwaseyi et al. (18) Ghana and Nigeria

(2000 to 2018)

GHE and MI Linear Regression Improvement in GHE negatively impacts

MI Nigeria and a positive in Ghana

Wei et al. (10) Emerging seven

Economies

(2000Q1 to 2018Q4)

GHE, HC, GDP, MI/MC Quantile regressions GHE, HC, and GDP impact the health

outcomes

DATA AND METHODOLOGY

Data and Model Construction
Following the objectives and the literature discussed above,
a total of eight variables have been taken into consideration.
Specifically, this study observed the occurrence or outbreak
of fatal diseases and their implications in disturbing various
economic, educational, and government policies. In this regard,
this study opted to examine the influence of various economic
and noneconomic indicators on malarial incidence (MI) as
this fatal disease not only adversely affects human health
but also influences economic and educational activities (10).
Concerning the primarily focused variables, this study considered
two variables, including the education expenditures (EDU) and
the technological innovation (TI), since the MI could have a
substantial influence on disturbing economic, educational, and
technological activities. Therefore, it is important to analyze
whether the improved level of EDU and/or TI influences MI.
Besides, this study also considered a list of control variables
and aims to identify their impact on MI. Specifically, the list
consists of economic growth (GDP), government effectiveness
(GEF), government health expenditure (GHE), research and
development (R&D), and human capital (HC). Data for all the
variables have been extracted from several sources, covering the
period from 2000 to 2018, since the emerging economies are

more at risk of the said fatal disease as these economies are
more concerned about their economic stability and sustainable
development. Therefore, this study covers a list of emerging
economies, including China, India, Turkey, Brazil, Indonesia,
and Mexico. Since data for several variables are not available for
the seventh emerging nation, i.e., Russia, therefore, this study
excludes the said country from empirical analysis for the time
being. The specifications and units and the sources of the data
for each variable are provided in Table 2.

Following the study of Wei et al. (10), this study adopted the
following model:
Model 1

MIit = α1 + β1GEFit + β2EDUit + β3R &Dit + β4GHEit

+ εit (1)

Model 2

MIit = α1 + β1GEFit + β2HCit + β3TIit + β4GDPit + εit , (2)

where Model 1 reveals that GEF, EDU, R&D, and GHE are
collectively the function of MI, while Model 2 indicates that GEF,
HC, TI, and GDP are collectively the function of MI. Besides, the
α′s and β ′s are the intercepts and slopes, respectively, whereas
“i” and “t” represent cross sections and time period, respectively.
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TABLE 2 | Variables, their specifications, units, and sources.

Variable Specification and unit Data source

MI Incidence of Malaria per 1,000

population at risk

http://apps.who.int/

ghodata/

EDU Education Expenditure in Current US

dollars

https://databank.world-

bank.org/source/world-

development-indicators

TI Resident Application Patent Numbers https://databank.world-

bank.org/source/world-

development-indicators

GDP A monetary valuation of all completed

services and products created in a

specific period, measured in constant

2015 US$

https://databank.world-

bank.org/source/world-

development-indicators

GEF Government Effectiveness in a

Percentile Rank

www.govindicators.org

GHE Domestic general government health

expenditure as a Percent of GDP

http://apps.who.int/nha/

database

R&D Research and Development

Expenditures as a Percent of GDP

https://databank.world-

bank.org/source/world-

development-indicators

HC Refers to the economic worth of

expertise, skills, and knowledge of a

worker, Index

www.ggdc.net/pwt

Moreover, the random error of the model is presented via the
vector ε.

Estimation Techniques
Since this study deals with panel data estimation, therefore, it is
important to examine panel data characteristics by employing
diagnostic tests. In this sense, the current study examines the
slope heterogeneity and the panel cross-sectional dependence
test, which reveals the heterogenous characteristics of slopes
and the existence of cross-sectional dependence. Therefore, this
study uses the second-generation panel unit root test. As the
variables considered are stationary, therefore, the current study
tested for the long-run equilibrium relationship, which is valid in
the case of the emerging economies. Besides, this study utilizes
the data normality test that illustrates irregular data distribution
across the selected time period. Therefore, it is crucial to utilize
an appropriate estimator that could tackle the issue of data
non-normality. Consequently, this study uses panel quantile
regression to address the said issue.

Descriptive Statistics and Normality Check

The current study initiates the empirical analysis section by
evaluating the descriptive statistics and normality estimates.
Specifically, the mean, median, and range (maximum and
minimum) values are evaluated that summarize the entire
dataset. In addition, the standard deviation is also assessed which
indicates the general volatility of a variable. Moreover, this study
also tested the normality of each variable under consideration.
In other words, the skewness and Kurtosis demonstrate the
wideness and peak of a distribution. Particularly, both these
measures range the value between −2 and +2 for skewness and

between −7 and +7 for Kurtosis (35). On the contrary, this
study also uses a comprehensive test for normality, i.e., the Jarque
and Bera (36) normality test, that treats the skewness and excess
Kurtosis simultaneously and proposed them to be equal to zero
as a null hypothesis. The standard formulation of the said test is
expressed as follows:

JB =
N

6

(

S2 +
(K − 3)2

4

)

. , (3)

Slope Heterogeneity and Cross-Sectional

Dependence

After industrialization, there was a significant expansion in
worldwide trade and globalization despite the fact that a number
of factors impact an economy’s dependence on other countries.
Specialization of one economy in certain goods or services
attracts the attention of other states and countries that rely on
these types of goods and services. The fundamental reason for
this dependence is to achieve multiple cultural, social, financial,
economic, technological, technical, and health-related goals and
objectives defined by governments or states. Depending on such
factors, the economy of one nation may display parallels or
differences in some sectors relative to the economies of other
nations leading to an econometric issue of slope heterogeneity
and cross-sectional dependence. This study employs estimation
techniques for panel data, including slope heterogeneity and
cross-sectional dependence. If such issues of slope heterogeneity
and cross-sectional dependency are ignored, the econometric
analysis may provide ineffective findings (37). In light of this, the
slope coefficient homogeneity (SCH) of Pesaran and Yamagata
(38) and the Pesaran (39) cross-sectional dependence (CD)
diagnostic tests are used to investigate these two-panel data
problems. Regarding the SCH test, the standard equation for
estimation may be stated as follows:

̂1SCH =
√

N(2k)−1 (N−1Ś − K
)

. , (4)

In addition to SCH, this test explicitly analyzes the adjusted SCH,
which may be computed using the formula below.

̂1ASCH =
√
N

√

T + 1

2K(T − K − 1)

(

N−1Ś − 2K
)

. , (5)

The SCH test assumes homogeneous slope coefficients as the
null hypothesis, whereas the alternative hypothesis may only be
accepted if the statistics are statistically significant.

Similarly, cross-sectional dependency cannot be ignored since
it may lead to a skewed estimate in an econometric investigation
(40). In this case, the Pesaran (39) CD test is used, and the
conventional formulation is as follows:

CDTest =
√
2T

[N (N − 1)]1/2

∑N−1

i=1

∑N

k=1+i
Tik. , (6)

The test under consideration depends on the independence
of panel cross-sections in the selected emerging economies.
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TABLE 3 | Descriptive statistics and normality result.

MI GEF EDU R&D GHE HC GDP TI

Mean 0.196198 55.20448 24.31469 0.528679 2.257738 2.336298 27.91919 8.322054

Median 1.214860 55.94584 24.30404 0.614388 2.531189 2.352343 27.72514 8.262427

Maximum 3.121751 69.23077 26.23518 0.995142 4.422915 3.019475 30.23322 14.14756

Minimum −12.19714 32.19804 21.57892 0.006234 0.549877 1.782071 26.68949 5.056246

Std. Dev. 2.969594 7.562053 0.952047 0.304223 1.173698 0.263703 0.854788 2.182289

Skewness −1.798928 −0.505691 −0.462093 −0.239974 −0.074987 −0.022580 1.039707 1.018419

Kurtosis 6.544734 2.923728 3.371506 1.732799 1.403471 2.673765 3.584992 3.573222

Jarque-Bera 121.1711 4.886371 4.712653 8.721709 12.21414 0.515227 22.16436 21.26715

Probability 0.000000 0.086884 0.094768 0.012767 0.002227 0.772894 0.000015 0.000024

Observations 114 114 114 114 114 114 114 114

In contrast, the alternative hypothesis will be accepted if the
estimates are shown to be statistically significant at any of the one,
five, or ten percent levels.

Unit Root

The current research uses a unit root estimator to address
both SCH and CD issues using panel data. Specifically, this
study uses the Pesaran (41) cross-sectional IPS (CIPS) test. A
factor modeling description for cross-sectional dependency was
presented by Pesaran (42). This strategy examines unexplained
cross-sectional means. Pesaran (41) modifies ADF regression
by including mean and first difference lag cross-sections. This
approach generates cross-sectional dependence even if the panel
is not balanced (N>T or N<T). The ADF cross-section could be
expressed quantitatively as follows:

1yi,t = θi + β∗
i yi,t−1 + d0yt−1 + d11yt + εit , , , (7)

where yt is the mean of observations (N), and first lags of yt and
yit maybe added to the said equation in order to deal with the
serial correlation, given as:

1yit = θi + β∗
i yi,t−1 + d01yt−1 +

∑n

j=0
dj+11yt−j

+
∑n

k=1
ckyi,t−k + εit , , (8)

To summarize, the CIPS (41) may be examined across the
emerging economies by averaging the t-statistics for each
cross-sectional unit (CADFi). The typical CIPS formulation is
as follows:

CIPS = N−1
∑N

i=1
CADFi, , (9)

The CIPS test assumed that a unit root is present in the time series
(the null hypothesis).

Panel Cointegration Test

Since each variable satisfies the property of stationarity, therefore,
it is crucial to analyze whether the long-run equilibrium nexus
exists between the considered variables. In this concern, this
study uses two-panel cointegration approaches, including the

Westerlund (43) cointegration by demonstrating the variance
ratio and the Pedroni (44) cointegration test. The latter test
provides estimations for theModified Phillips–Perron t, Phillips–
Perron t, and Augmented Dickey–Fuller t. Concerning the
propositions of these tests, both the tests asserted that there is
no long-run cointegration between the variables. However, if the
statistical values of these tests are significant at any of the 1,
5, or 10% levels, the null hypothesis may be rejected and the
cointegration prevails between them.

Quantile Regression

Following the diagnostic tests (slope heterogeneity and cross-
sectional dependence) and cointegration tests, we used the
quantile regression approach devised by Koenker and Bassett
(45) to investigate the long-run influence of the factors
under consideration on MI. The motivation for using quantile
regression is the non-normality issue or distribution of the data,
meaning that typical estimation methods would not provide
correct results. Furthermore, to avoid the overestimation and
underestimation biases inherent in these typical approaches,
this study employed the quantile regression technique, which
provides the predicted coefficients at each specified quantile.
Due to the fact that panel quantile regression allows for
both individual and distributional variability, it provides
precise insights into the relationship between the investigated
variables (46). Moreover, quantile regression has a higher
prediction performance than conventional regression, which
only provides the average effect of explanatory variables on the
dependent variable (47). Besides, the aforementioned estimator
is advantageous owing to its treatment of the cross-sectional
dependence and slope heterogeneity issues (48). Using Equations
(12) and (13), the previously noted regression equations, i.e.,
Eqs. (1) and (2), could be turned into panel quantile regression
forms below:

QMIit (θ αi,ϕt ,Xit) = αi + ϕt + ϕ1,θGEFit + ϕ2,θEDUit

+ ϕ3,θR &Dit + ϕ4,θGHEit + εit (10)

QMIit (θ αi,ϕt ,Xit) = αi + ϕt + ϕ1,θGEFit + ϕ2,θHCit

+ ϕ3,θTIit + ϕ4,θGDPit + εit (11)
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TABLE 4 | Slope heterogeneity (38).

Slope heterogeneity test Statistics

Model-1
∼
1 4.643***
∼
1Adjusted 5.613***

Model-2
∼
1 4.051***
∼
1Adjusted 4.897***

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

TABLE 5 | Cross-sectional dependence (39).

Cross-section dependence

MI GDP

6.12*** 16.39***

GEF GHE

−1.42 7.40***

HC EDU

14.29*** 16.07***

R&D TI

3.36*** 16.05***

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

From the equations above, the subscript θ demonstrates the
quantile for each variable, which this study considers four, i.e.,
Q25, Q50, Q75, and Q90 in order to evaluate the influence of
EDU, TI, GEF, HC, R&D, GHE, and GDP on MI in the selected
emerging economies.

Panel Causality Test

The quantile regression technique yields estimated outcomes for
each variable at a particular quantile but is limited in terms
of displaying their causal connection. This research established
causation using the Granger panel causality heterogeneity test
developed by Dumitrescu and Hurlin (49). This test is more
efficient and reliable in resolving the issue of the imbalanced
panel (NT). In addition, it accounts for the cross-sectional
dependency and variability of panel data (50).

RESULTS AND DISCUSSION

This segment deals with an explanation and a brief discussion
of the results. Table 3 illustrates the descriptive statistics
of the manuscript. Tables 4, 5 represent the outcomes
of slope heterogeneity and cross-sectional dependence,
respectively. Table 6 displays the findings of unit root testing.
Table 7 shows the results of cointegration tests. Tables 8, 9

represent the quantile regression outcomes of both models
(1 and 2) with particular graphical presentations. Table 10

demonstrates the panel causality test results of all study
variables. Lastly, a fleeting discourse is held at the end of
this section.

TABLE 6 | Unit root test (41).

Variables Intercept and Trend

I(0) I(1)

MI −1.697 −3.854***

GDP −1.532 −2.742*

GEF −1.940 −4.187***

GHE −1.814 −3.570***

HC −2.780* −3.349***

EDU −2.836* −3.816***

R&D −1.916 −3.754***

TI −1.526 −4.231***

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%. I(0) is for level, and

I(1) is for the first.

TABLE 7 | Cointegration test.

Pedroni Cointegration Test

Model-1

Test Statistics p-value

Modified Phillips-Perron t 1.5289* 0.0631

Phillips-Perron t −1.8778** 0.0302

Augmented Dickey-Fuller t −1.7151** 0.0432

Model-2

Modified Phillips-Perron t 1.6715** 0.0473

Phillips-Perron t −1.9190** 0.0275

Augmented Dickey-Fuller t −1.9222** 0.0273

Westerlund Cointegration Test

Model-1

Variance ratio −1.2849* 0.0994

Model-2

Variance ratio −1.3978* 0.0811

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

Descriptive Statistics
The average values of all study variables are closely equal to
their respective median values, demonstrating the balancing
point of the information. The standard deviations denote
how data are spread toward their mean values. Skewness and
Kurtosis describe the normality and data precision. Byrne
(35) demonstrated the range for both measures, i.e., between
−2 and +2 for symmetrical distribution (skewness) but from
−7 to +7 for peaked distribution (kurtosis). The statistical
outcomes exemplify the precision and degree of tailedness
in the distribution. Supplementarily, Jarque Bera validates the
distribution. In general, the data are negatively skewed with the
leptokurtic or heavy-tailed distribution.

Slope Heterogeneity and Cross-Sectional
Dependence
The left column of Table 4 signifies the statistics of slope
heterogeneity by Pesaran and Yamagata (38) of both study
models. The right column of Table 4 shows the statistics of
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TABLE 8 | Estimates of quantile regression Model 1.

Variables Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

GEF −0.085*

[0.048]

−0.058

[0.050]

−0.060***

[0.022]

−0.046***

[0.011]

EDU 0.394

[0.473]

0.263

[0.493]

−0.246

[0.219]

−0.403***

[0.114]

R&D −3.937***

[0.883]

−0.366

[0.920]

1.540***

[0.409]

1.730***

[0.214]

GHE −0.161

[0.309]

−0.387

[0.322]

−0.560***

[0.143]

−0.328***

[0.075]

Constant −2.827

[10.975]

−0.993

[11.437]

11.295**

[5.095]

14.204***

[2.662]

The dependent variable used here is MI. Significance level is denoted by ***, ** and * for

1, 5, and 10%. The standard error is provided in the brackets.

TABLE 9 | Estimates of quantile regression Model 2.

Variables Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

GEF −0.073*

[0.042]

−0.069

[0.044]

−0.094***

[0.010]

−0.082***

[0.017]

HC −8.824***

[1.407]

−5.676***

[1.468]

−3.203***

[0.354]

−3.231***

[0.566]

TI −2.816***

[0.513]

−0.861

[0.535]

−0.482***

[0.129]

−0.524**

[0.206]

GDP 5.732***

[1.344]

0.984

[1.402]

1.524***

[0.338]

1.558***

[0.540]

Constant −113.063***

[32.099]

−2.723

[33.491]

−24.134***

[8.081]

−25.124***

[12.913]

The dependent variable used here is MI. Significance level is denoted by ***, ** and * for

1, 5, and 10%. The standard error is provided in the brackets.

the cross-sectional dependence (39) of all variables. Based
on the existence of socioeconomical, financial, technical, etc.
objectives in different countries across the panel or cross-
section, there may prevail some similarities or dissimilarities
that may give ineffective, biased, and inconsistent results. For
efficient outcomes of the research, slope heterogeneity and
cross-sectional dependence are employed in the process. The
slope heterogeneity test is applied to determine the distance of
slopes in cross sections individually. The statistical values in
the table reject the null hypothesis of homogeneous coefficients
at a 1% level of significance in both cases (Models 1 and 2).
This suggests and validates that the coefficients of both models
are heterogeneous in panel datasets across countries leading to
groping the cross-sectional dependence of variables. The cross-
sectional dependence examines the interdependence in the cross-
section due to the presence of certain unobserved factors that
indirectly impact in different ways. Pesaran’s (39) test results
show significant results with a 1% level of significance for
all variables except government effectiveness. All variables are
interdependent across the panel.

TABLE 10 | Dumitrescu–Hurlin panel causality.

H0 WaldStats Zstats p− value

GEF ; MI 2.39840 −0.00133 0.9989

MI ; GEF 6.17658*** 3.14715 0.0016

EDU ; MI 5.44364** 2.53637 0.0112

MI ; EDU 2.50445 0.08704 0.9306

TI ; MI 3.78234 1.15195 0.2493

MI ; TI 2.20820 −0.15983 0.8730

HC ; MI 6.58128*** 3.48440 0.0005

MI ; HC 114.059*** 93.0495 0.0000

GHE ; MI 6.37016*** 3.30847 0.0009

MI ; GHE 2.36875 −0.02604 0.9792

GDP ; MI 4.05770 1.38142 0.1672

MI ; GDP 2.87253 0.39377 0.6937

R&D ; MI 2.65546 0.21288 0.8314

MI ; R&D 0.89580 −1.25350 0.2100

Significance level is denoted by *** for 1%, ** for 5%, and * for 10%.

Unit Root Testing
Based on the occurrence of cross-sectional dependence among
the variables, the study primes toward the scrutinization
of unit root, that is by transforming the traditional
Augmented Dickey–Fuller regressions by cross-sectional
averages (41) for panel root analysis at the level I(0) and
the first difference I(1). The conventional ADF tests provide
inefficient outcomes regarding cross-sectional averages. All
eight variables except HC and EDU were insignificant at
the level. The statistics represent substantial results with a
1% level of significance except for gross domestic product,
which is significant at 10% at first difference. All variables
rejected the null hypothesis at first difference. The negative
coefficients reveal the robust existence of the unit root in the
data values.

Cointegration Tests
Since detecting Pesaran root results, each variable has a panel
unit root that leads us to investigate the panel cointegration
for examining the long-run (equilibrium) associations between
the variables under study. Pedroni’s panel cointegration tests
consist of Modified Phillips–Perron (t), Phillips–Perron (t),
and Augmented Dickey–Fuller (t), While the Westerlund
cointegration test considers the variance ratio. The null
hypothesis of these panel cointegration tests exhibits no
cointegration, and it extends the unit root analysis to a
multivariate method (approach). The statistics and p-values
indicate the presence of panel cointegration by rejecting the
null hypothesis at a 5% level of significance in Phillips–
Perron t and Augmented Dickey–Fuller t tests in both models,
whereas modified Phillips–Perron t is significant at 10% in
Model 1 and 5% in Model 2. The Westerlund cointegration
test has shown significant variance ratio results in both
models (1 and 2) at a 10% level of significance. Thus, the
criteria for rejecting the null hypothesis of no cointegration
are satisfied.
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FIGURE 2 | Graphical representation of quantiles for Model 1.

In general, the results depict the existence of long-run
associations of the variables. Gross domestic product,
government effectiveness, government health expenditure,
human capital, education, R&D, technological innovation,
and malarial incidents have long-run relationships among
them. In model 1, government effectiveness, education,
R&D, and health expenses are associated with malarial
incidents, while, in model 2, human capital, technological
innovation, and GDP besides government effectiveness are
linked to malarial incidents in the long run. The existence of
a momentous effect of variables on malarial incidents, in the
long run, is depicted in the outcomes. Hence, the long-run
cointegration among the said variables in both models (1 and 2)
is validated.

Quantile Regressions
Quantile regressions are applied when linearity conditions
are not fulfilled while the residual distribution is non-
normal. Then, quantile regressions are utilized as extensions
of standard ordinary least squares regressions. The findings
of Quantile regressions for Model 1 are shown in Table 8

with graphical representation in Figure 2, and for Model 2,

Table 9 and Figure 3 display the empirical findings and graphical
presentation, respectively.

In model 1, all variables in Q (0.75) and Q (0.90) show
substantial results except education in the 75th quantile.
For illustration, GHE, EDU, and GEF show the negative
relationship, that is, an increase in these variables negatively
affects the malarial incidents in the emerging economies,
while R&D has shown a strong negative association in
Q (0.25) and Q (0.50) with malarial incidents. In model
2, all variables are negatively and significantly related to
malarial incidents in almost all quantiles except gross domestic
product, which is positively associated with the incidents of
malaria in emerging countries (China, India, Brazil, Turkey,
Mexico, and Indonesia). For illustration, advancement in
technological innovation and human capital is inversely
associated with malarial incidents, indicating a reduction in
malarial incidents in E6 countries. Second, the increase in
the economic growth of E6 countries increases the case
of malaria in these countries,which is attributable to a
positive relationship between the said variables. The graphical
demonstration of panel quantiles of study variables is exhibited
in Figures 2, 3.
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FIGURE 3 | Graphical representation of quantiles for Model 2.

Panel Causality Test
Panel causality tests were applied to determine the
interconnection of the considered study variables. Table 10

demonstrates the Dumitrescu–Hurlin causality results of all 14
sets of variable pairs. The panel causality depicts that only MI;
GEF, EDU ; MI, HC ; MI, MI ; HC, and GHE ; MI pairs
of variables have a causal and significant association at a 10%
level of significance. These malarial incidence and human capital
have bidirectional causality, that is, human capital and malarial
incidents have a cause and effect relationship, whereas education
and government health expenditures are unidirectionally
associated with malarial incidents in the emerging six economies,
although the remaining pairs (variables) have not shown
any causal and significant associations by not rejecting the
null hypothesis.

Discussion Over Long-Run Empirics
Subsequently scrutinizing the descriptive stats and all variables’
interdependence across the panel (initially), the overall empirical
results of cointegration have been demonstrated in Table 8

(model 1) and Table 9 (model 2) with Figures 2, 3 and causality
analysis is shown in Table 10 of the manuscript. The coefficient
estimates of the emerging six countries depict an improvement

in government effectiveness, education, government health
expenses, human capital, and technological innovation and
substantially support in decreasing the incidents of infectious
disease (Malaria). The effect of these mentioned variables is
found to be inversely linked to all malaria quantiles (nearly).
The findings imply that E6 countries enhance their policies
for healthcare to exterminate malaria. The findings are in
line with the studies of Wei, Rahim, and Wang (10) and
Omri et al. (7) regarding human capital, R& D, and health
expenses with malarial incidents; government effectiveness and
malarial incidents (11); and education awareness and malaria
occurrence (12). However, theoretically, the study validates the
suggestions of Huang et al. (30) for technological innovation
for the eradication/prevention of disease incidents (malaria) in
future. Upgrading in research and development for vaccines and
medicines purposely reduces infectious diseases (1). Further, in
the case of the emerging six economies, there is no substantial
causal link between economic growth and malarial incidents.
Understanding the causal association is essential in assessing
the risk for infectious disease mortalities and gathering more
evidence for further research and development for disease
handling. With more population, the disease burden grows.
However, with effective implementation of healthcare, it can
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be cured permanently. Together with technology, effective
governmental policies, R&D, and informative awareness can
mitigate mortalities and disease spread.

CONCLUSION AND IMPLICATIONS

The current study aims to examine the effectiveness of
government (GEF), education (EDU), research and development
(R&D), and government health expenditure (GHE) over the
malarial incidents in the first model. Whereas in the second
model, the influence of human capital (HC), technological
innovation (TI), and gross domestic product (GDP), besides
government effectiveness (GEF) over malarial incidents, are
analyzed. The scarceness of studies in the standing literature
concerning the association between malarial incidences with the
abovementioned factors leads to assessing the said connection.
Therefore, the motivation of the study is to evaluate the
consequence of a varied range of variables on incidents of
malaria, which is still a crucial issue that is affecting the
world economically, socially, and individually the health of
people, causing millions of deaths per year. The study covers
the debate on malarial infection incidents in the case of E6
nations, which is innovative research in the speculative and
empirical literature.

The causality test demonstrates that malarial incidence
and human capital have a bidirectional causal association,
whereas education and government health expenditures are
unidirectionally linked to malarial incidents in the emerging six
economies. Otherwise, the remaining variables have no cause and
effect associations. Therefore, the empirical results are consistent
with some studies concerning different variables’ influence on
infectious disease (malaria). As per se, regarding the association
of human capital, research and development, and government
health expenditures with malarial incidents, the present study is
in line with the studies ofWei et al. (10) andOmri et al. (7); for the
effectiveness of government with malarial incidents, Liang et al.
(11) and Sarpong and Bein (19) are reliable with the findings;
and also, the educational awareness with malaria occurrence (12)
is consistent. These declared empirical pieces of evidence from
existing literature are in line with the outcomes in one way or
another. However, from the theoretical perspective, the study
validates the suggestions of Huang et al. (30) for technological
innovation for the eradication/prevention of malarial incidents.
No causal association but the positive impact of GDP with
malarial incidents was observed, which is a novel contribution
to the literature.

Meanwhile, the emerging countries are likely to expand in the
coming future as global nations. Yet, these emerging economies
such as Indonesia, India, Brazil, and Mexico have reported
millions of cases of malaria and deaths per year. Therefore,
the eradication of malaria and other infectious diseases must
be their priority with other economical factors for sustainable
growth. Globally, malaria has been a prime health concern
for decades. It is essential to find the infected number of
cases or incidents because the occurrence and incubation time
are different and entirely reliant on the strain of parasite

(Plasmodium vivax), infection type, etc. In addition, the number
of incidents may increase or decrease depending on a certain
number of factors that are important to identify and lessen
the malaria burden across communities, countries, and at a
regional level.

The precise findings of panel estimations revealed substantial
implications. The comprehensive outcomes depict that health
expenditure is not the only sustainable solution for malaria
control. The role of technological innovation in disease
diagnostic, medicinal advancement, and treatment plays a
noteworthy part. With innovative research and development
methods for vaccination, development of a permanent cure is
necessary. Also, important research is needed for the recognition
of human samples instead of an animal because animal
representations do not certainly reflect the human scenario.
Malaria is an ancient life-threatening disease that reemerges
after a certain period; therefore, a permanent treatment and
drug discovery are required for the prohibition with the help
of product and technological innovation. Educational programs
for good hygiene and clean environment aid in maintaining
sustainable development goals. Efforts for malaria control and
basic preventivemeasures (use of spray insecticides, bed nets, and
repellents) with the help of educational awareness for knowledge
of malaria can be fruitful. The national governments must create
those awareness programs together with sustainable health plans
for malaria prevention. Besides, effective immediate control will
also reduce mortalities and morbidities in the country. Further,
government and NGOs provide basic free facilities and services
together with subsidies for disease prevention/control. Healthy
human capital is effective in healthcare to provide services for the
betterment of society and the economy because a well (healthy)
individual can work at full capacity. Therefore, health services
must be provided at domestic and global levels. By implementing
preventive policies as adopted by other developed countries such
as the United States in the 50s by utilizing insecticides and
drainage ditches, etc., China has worked to vanquish malaria.
They implemented robust technologies for malaria control and
updated the health programs to firm incorporation of the
disease management.

The limitation of the research can be extended for
forthcoming exploration purposes. Foremost, the study is
restricted to the emerging six economies with the inclusion
of various variables for the first time. Therefore, it can be
scrutinized in the future in tropical and poor economies
considering the present study variables. For this very reason,
poor economies are more vulnerable to malaria and other
infectious diseases, so this can be investigated in those countries
with the same or new specifications. Second, the impact and
linkage of other infectious diseases, endemics, or pandemics with
the study variables can be examined in the future in E6 nations
or other sample countries that would be resourceful in health
and economic policymaking and creating strategic awareness
programs, because the researcher needs to gather more evidence
on malarial incidents or cases to scrutinize and assess the risk
for malaria morbidity and mortalities. In addition, the research
can be extended on the economic impact of treatment drugs and
vaccines on public health.
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Farming’ community actively participating as micro-actors in green finance schemes

is critical for regional planning and development. On the basis of the extent

to which financial progress and sustainable development are coordinated, in a

difference-in-differences approach, this article employed 2350 small investigations to

estimate the influence of green-finance strategies on peasants’ agriculture investment

and developed a mediation effect method. It investigates the role of peasant managerial

variability in mediating the influence of financial constraints. The results indicate that

the introduction of a financial restriction variable reduces the positive impacts of

green-finance regulations on peasants’ agricultural investment. Moreover, peasants who

participate in non-agricultural management exercises aremore inclined to take advantage

of green financing regulations and are affected via financial restrictions in mediate means.

The building of a green-finance sector in remote regions should accomplish unique

positioning and rapid growth.

Keywords: green finance, difference-in-differences approach, agriculture investment, heterogeneity of farmers,

sustainable development, Northwest China

INTRODUCTION

Supporting integrated rural economic and environmental sustainability is a problem for regional
development of China (1). It is indeed critical for China, like a significant international resources
consumption and CO2 emission (2, 3), to achieve the green and low-carbon agricultural revolution.
This necessitates the shift of agricultural operations from a conventional resource-intensive
mode to a green and cost-effective mode. It is necessary to invest in technical advancement,
operational mechanisms, and the accurate application of suitable financial resources to green
farming activities (4).

Finance seeks to benefit the actual economy by allocating assets rationally. Green
finance, generally relates to economic operations that promote green betterment, deal with
climatic changes, and realize conservation of resources and effective exploitation, arises as a
necessity (5). China recently issued top-level design principles for green finance development
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and studied the construction of a green-financial scheme. Its
progression has been remarkable, since its recommendation
in 2015 to its implementation in 2016. A multi level green-
financial market system with a inclusive green-financial policy
arrangement has presented. Green-financing policies (GFPs)
have been implemented in agriculture and village areas. GFPs
serve a key role in changing agro industrial base, rising the
proficiency levels of agrarian green products, and promoting
financial progress (6, 7). Rural regions, on the other hand, not
focus only on GFP’s promotional regions, as well as its weakness.
Despite investing in green finance initiatives is expanding in
China, it is on a micro level and is scattered (8). This cannot
fulfill the demand of green agriculture’s diverse expansion (9).
Furthermore, due to the low profits and considerable risks
associated with green agricultural programs, green financial
services are given less attention. These obstacles have deterred
farming producers from seeking green financing assistance. It
enhances the financial restrictions and reduces the provision
of GFPs to assist farmers’ green agriculture productivity. The
creation of a green financial sector in rural regions should
accomplish distinctive orientation and leapfrogging progression,
and it must be backed by quality science.

Producers’ voluntary participation is the foundation for GFPs’
practical deployment in agricultural regions. Unlike several
researchers (10, 11), who use organizational data to investigate
GFPs’ effect on green technology innovation and energy use
efficiency, fewer researchers (12–16) have examined at its impacts
on crop investing from the perspective of farmers.

Simultaneously, finance has emerged as the most massive
issue for growers throughout green-growth (17). Producers’
production expenditure and technical advancement had
hindered via financing constraints (18). Policy implementers
employ “Selective Execution” to balance “Profit Target” and
“Support Agriculture Task,” that increases financing constraint.
Nevertheless, it has been small investigation on the effects of
GFPs on farmers’ financial limitations, and nothing on the
mechanics of intermediate financial restrictions on GFP and
agriculture investment in rural areas. Conferring to some
scholars, peasant diversity would have an effect over green
agricultural productivity and investment (19, 20). Producers’
managerial scale and managerial status, for example, have a
substantial influence on their acceptance of the green farming
production method (21, 22). Producers’ off-farm financial
integration does have an economic impact on peoples living
conditions and farming techniques acceptance (23, 24). The off-
farm occupation increases their ability to gain new technology
2004), which impacts overall productive expenditures. Financing
might reduce producers’ productivity and expenditure pressures,
as well as help with green agronomic funding. Farmers’ credit
availability is affected by farmers’ off-farm employment behavior
(25), and financing constraints will adjust according to the
heterogeneity of farmers’ employment types. There is a paucity
of research in the context of improving GFPs’ effectiveness,
regarding the farmers of different employment types’ responses
to GFPs. There is limited research examining the impact of the
heterogeneousness of farmers’ management kinds over financing
limitation mechanism.

The coordinated expansion of environment and finance (CEF)
is a scholarly fact (26) that is required for the successful
implementation of green finance methods. GFPs seeks to
undertake the encounter among development and environmental
protection, subsequent in high quality green economic growth
(18). If an area’s environmental and financial growth are well,
it is desirable to build a green-finance strategy. It promotes the
growth of green-finance. In this context, this research examines
the influence of GFPs on producers’ agriculture investment
and develops a mediation effect model. Additionally, research
investigates the impact of various farmer managerial systems on
the intermediary effect of financial limitations.

It offers sufficient information for the application and
improvement of GFPs in rural areas: (1) This research evaluates
the effect of green finance policy on farmers’ agricultural
investment using farmers’ innovative scientific study viewpoints.
(2) Its significant addition is an examination of the relationship
between GFPs and peasants’ crop produce investment from
the standpoint of financial limitations. (3) Focusing on the
variability of farmers’ managerial techniques, it examines
the mediating effect of financial restrictions on GFPs and
agricultural investment. It examines the real recipients of
GFPs in rural regions, as well as the integration of farmers’
environmental expenditures within particular capital constraints.
It analyses if the additional agricultural production expenses
resulting from the program will push out alternative production
investment. It investigates if non-agricultural management may
help farmers improve agricultural investment and encourage
green production.

THEORETICAL FRAMEWORK AND
HYPOTHESES

GFP might encourage the reduction of obsolete production
capability, as well as help in changing industry base and rising
the efficiency levels of green-products (18). The GFP credit
management framework includes environmental considerations.
It might minimize the allocation of resource to energy-intensive
and environmentally damaging activities (27) while encouraging
green-technology research and investments via businesses (28).
GFPs comprise first specific policy of China on green-finance,
which is an essential step to economically promote the expansion
of green agriculture (29). In theory, it might enhance peasants’
productivity sources (30). It has the potential to enhance the
efficiency of improved farming production and expansion of
diverse financing approaches. Policy penetration in rural regions
might have had an effect on peasants’ agriculture output actions
and finance techniques. Growers’ investing in sustainable and
low carbon production materials might well be accelerated, as
well as producing technological updates encouraged. As a result,
farmers’ ecologically friendly production expenses rise.

The attitude of financial firms that effectively assist the
funding of conservation of energy and protection of the
environment initiatives demonstrates the application of GFPs.
Firms use economics to tackle ecological threats by altering its
financing system. GFPs lacking financial advantages as a result
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of the non-executive concept, and financial firms are hesitant
to adopt green financial operations (31). Agriculture green
initiatives typically involve extended life spans and significant
capital investment. Several financial companies claim this green
business is unprofitable and will limit institutions’ financial
outlook (32). As financial firms react to GFPs in order to increase
capital stability and acquire diversified competitiveness (33), they
are adhering to “green standard.” Financing firms are more likely
to grant money to substantial protection of the environment, as
well as green and energy-saving businesses with strong industrial
operational standards (34). Usually, few sustainable investment
goods available for medium and small environmental protection
businesses, as well as households. This has a negative influence
on GFP development in remote regions, as well as enhancing
peasants’ access to green financial institutions. Peasant’s’ financial
restrictions are so exacerbated.

Farmers’ actively participating as local operators in policy
is critical. Numerous people in rural areas, though, face
credit limits, that limit investment and accumulation of
capital. Peasants who face financing constraints have lower
tolerance for risk (35). People are vulnerable to the double
restrictions of unpredictability and availability, that potentially
hinder the optimum degree of allocating resources. This has
an impact on agriculture green and low-carbon production
factor. Peasants’ reliance on less-costly borrowing has grown
as agriculture production expenses have risen as a result
of environmental restrictions. Peasant’s’ favorable regulatory
actions could be hampered by consequent financial limitations,
which can impede peasants’ sustainable green investments. As a
result, GFPs can only provide little recommendations on green
agricultural growth.

Non-agricultural operations is now a significant income
source for peasant (36) and has a promotional impact on
the investment of peasant in green farming (23). Peasants’
increasing agricultural investments is not only the result of
environmental policy execution regulation and benefits; it
seems to be a spontaneous process of adaptation in important
financial factors. It would be influenced by variations in labor
and material resources induced by peasants’ non-agricultural
operations. According to studies, non-farm incomes does have a
beneficial impact on peasants’ loan provision (23, 37). It could
serve as an alternative for the credit requirement generated
by investment in agriculture. Since non-agricultural capital
formation boosts productivity of agriculture, the budget line of
peasants’ agricultural investment choices would be moved right
side. Peasants’ agriculture productivity investment decisions may
be influenced by this. As a result, given budgetary restriction,
peasants having non-agricultural management seem to be more
inclined into becoming GFP grantees, with a profound effect with
their individual agriculture productivity investment decisions.

Figure 1 depicts an overview of the GFP’s impact process on
peasants’ investment on agriculture. One of the prerequisites for
the successful functioning of GFP is the integrated growth of the
ecosystem and financing. The samples in the current research
are classified based on their degree of financing development
and environment sustainability. The preceding assumptions are
suggested depending on the assumption that a region has a

significant level of synchronized environmental and financial
development;

H1: GFPs have a positive impact on agriculture investment
by peasants.
H2: The nation encourages the notion of green development,
and financial firms increase the Admittance Threshold of
green financial services, resulting in financial restrictions
for peasants.
H3: At the moment, the implementation of GFPs has
had no significant effect on mitigating peasants’ financial
restrictions, and policies’ directing role in encouraging
peasants’ agriculture investment is constrained.
H4: Peasants who engage in non-agricultural management
practices are highly inclined to be GFP recipients and are
impacted via financing restrictions in GFPs’ intermediating
framework over agriculture investment.

RESEARCH METHODOLOGY

Research Design
Regarding the lateness of GFPs and their low impact in rural
regions, the current research considered the CFE as critical to
their deployment. The micro-survey study samples are classified
appropriately. In order to examine the impacts of GFPs over
agriculture investment of farmers and to corroborate the sample
groups rationality, the present research utilizes difference-in-
differences (DID) approach. This research utilized the model of
mediation effect to evaluate the probable mechanism of finance
limitations between agriculture investment of farmers and GFPs,
with farmers’ finance scale heterogeneity which acts as an
intermediary. Thus, based on this concept, farmers management
heterogeneity’s influence over financing restrictions’ mediating
impact is investigated in this research.

Sampling Selection
The areas of western China lack inherent benefits in terms of
infrastructure, capital and human resources when compared to
rest of the areas. Nonetheless, efficient establishment of green
finance in the areas of western China is a critical linkage in
achieving the green economic revolution. In this regard, the
academics and government both must pay close consideration to
this issue.

The sampling sites were two provinces of western China,
i.e., Ningxia Province and Shaanxi Province, which exhibit
typical agriculture development characteristics. The methods of
agriculture production of Shaanxi are simple and controlled
by conventional farming due to the diverse geography and
landscapes, as well as the little per capita agricultural land region.
Southern and northern Shaanxi’s geological environments are
unstable, and soil degradation is a problem. The rate of
urbanization in the region of Guanzhong is rising, and gap
between supply and demand for aquatic resources is widening.
Shaanxi, on the other hand, is one of the fastest-growing
provinces in western China, with a strong basis for agriculture
technical transitions and financing assistance. Ningxia Province,
which is situated on northwest inland plain, has agriculture
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FIGURE 1 | Agriculture investment of the farmers (mechanism of GFPs).

resources to its benefit. Whereas, it’s hampered by aquatic
resource scarcity and a vulnerable ecosystem. Ningxia has
abundant and diversified grasslands resources, making animal
husbandry growth favorable. Ningxia, in addition, has a variety of
production techniques and agriculture sector benefits, although
its agri-sector is characterized by massive management and
refining is minimal.

Their agriculture advancement confronts severe concerns as
an important grain-producing regions of China. The agricultural
labor- and land productivity both are incompatible. Both
require to expand their existing and conventional agriculture
revitalization and transition, as well as enhance their financing
support. They must establish green capital/finance, execute the
conversion, and shift to green agriculture from conventional
agricultural system. The government of China in 2012 set out
to foster all-round societal advancement in five sectors: social,
cultural, political, economic, and environmental development.
The green development premise has infiltrated every facet of
social and economic growth. It issued guidance perspectives on
the development of green finance system in 2016, as well as a
list of key actions. The time node in the current research will
be estimated 1 year after the deployment of policy begins to the
target’s impact, as per the recommended time of policy. Thus,
GFP came into effect in 2017. Assuming the availability of data
and lack of interfering incidents during the period of the study,
setting the research period for 2013–2019 will yield the basic
policies impact. The research was conducted using sample and
questionnaire surveys. From 2013–2019, we collected panel data
on the investment for agriculture production by farmers and

loan payments from prescribed financing sectors in 6 districts of
both Ningxia and Shaanxi Provinces (Figure 2). Themissing data
was removed, leaving the balanced panel data with 2,350 micro-
observations.

Empirical Model Specification
The current research used DID model to split the empirical
and control groups by assessing the CEFs’ degree in the
sample. Farmers having high level of coordination and
cooperation were in experimental group, whereas control group
was the comparative. By taking into account geographical
disparities in financial improvement and environmental
sustainability, numerous interfering elements influenced
the environmental measurement, therefore the index might
be inaccurate. The current investigation utilized the model
developed by Qiaoxin (38) (Equation 1) regarding coupling
coordination degree, and applied the degree of financial-
environment sustainability coupling as a proxy for the degree of
environmental-financial coordination.

CEF = 2

√

(u1 × u2) / (u1 + u2)
2 × (0.5u1 + 0.5u2) (1)

The following are the methods in detail; (a) Using standard
processes, identify the relevant finance-development and
environment-sustainability assessment indices and their
associated pattern values u1 and u2. (b) Identify the extent/degree
of local environmental and financial coordination via the model
of coupling coordination degree. The level of CEF is proportional
to the degree of coupling coordination.
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FIGURE 2 | Study area map.

The ratio of local loan to deposit was used as a proxy variable
to represent financial development from a scale point of view.
Regional regulation of the environment was used as a proxy
to measure environmental sustainability (39). The regulation of
environment is an institutional tool that allows the authorities
to exert direct control over the use of natural resources. The
environmental management of the government was primarily
concerned with the emission of pollutants (40), that directly
related to the pollution management costs. Thus, the cost
of emissions reduction will be lower for per unit industrial
additional value if the regulatory authorities’ efficiency is high
and the environmental management of the regional government
will be more stringent. The influence of industry structure was
adjusted by taking into account the considerable changes in
industrial mix between areas. By following (40, 41), the below

Equation 2 is used for measuring the regulatory requirements
for environment;

Eit = aitPit/Qit (2)

In Equation 2, region and year are represented by i and t,
respectively. Amount of investment and project for controlling

the industrial pollution in the region are represented by Pit.
Industry additional value in the region is represented by Qit.
Whereas, the share of industrial additional value (regional)
in industrial additional value (national) is represented by ait.
China Financial and Statistical Yearbooks, Ningxia and Shaanxi
Statistical Yearbooks, and Shaanxi Regional Statistical Yearbook
were used to compile the data for this research. Table 1 displays
the degree of CEF in study region.
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TABLE 1 | Degree of CEF in sampled regions estimation.

Shaanxi Province The Ningxia Hui Autonomous Region (Ningxia Province)

Year Financial development

(Loan-to-deposit

ratio)

Environmental

sustainability

(Environmental

regulation)

Coordination

degree*100

Financial

development

(Loan-to-deposit

ratio)

Environmental

sustainability

(Environmental

regulation)

Coordination

degree*100

2013 0.61 0.00 0.89 0.96 0.00 0.56

2014 0.64 0.00 1.10 1.02 0.00 0.87

2015 0.68 0.00 0.98 1.09 0.00 1.13

2016 0.68 0.00 0.90 1.07 0.00 0.69

2017 0.68 0.00 0.73 1.04 0.00 1.01

2018 0.71 0.00 0.66 1.10 0.00 0.58

2019 0.75 0.00 0.64 1.16 0.00 0.55

The * symbol indicates multiplied by.

Explanation of the Variables and
Descriptive Statistics
I) The dependent parameter was the agriculture investment of
the farmers (Invest). The research looked at 2 different forms of
agriculture investments: (a) Liquid investment that is straightly
tied to livestock or agriculture. (b) Whereas the indirectly tied
investment to livestock and agriculture is fixed investment.

II) The financial limitations were the mediating variables.
Heterogeneity associated with rate of interest, period, method,
and other contractual terms of various loans were all taken into
account. The influence of farmers’ finance over the investment
of agriculture couldn’t be correctly quantified if the aggregate
of many loans was direct. The influence of finance debt over
agriculture investment might be exaggerated. A proxy parameter
for financing limitations is the proportion of the aggregate loans
of farmers to their aggregate household livelihoods resources
for the year. 3 aspects were used for measuring financing
limitations; total, large, and small finance scale, i.e., (Tscale),
(Lscale), and (Sscale).

III) The indicators of GFPs were the key explanatory factors.
For the execution of policy, time dummy parameter is indicated
by Time. We chose a period of 2017 for the policy to take effect.
As a result, the year preceding and following 2017 was set as 0
and 1, respectively. The dummy variable Treated grouped by the
CEFs’ degree in the study region, with 1 indicating a high degree
of coordination while 0 indicating no coordination.

IV) Following the former research work regarding the
agriculture investment of the farmers and financial activities (42–
44), many control variables were used in the current research;
(a) While looking into the impact of household features over
agriculture investment of the farmers, we chose the social capital
(SC) and labor structure (Labor) of the peasant household,
revenue from agriculture (A-income), and overall revenue
of the peasant household (T-income). (b) Agriculture output
features were described through cultivated farmland managed by
households (Land) and agriculture productivity fix assets (Asset).
The influence of disparities in agriculture asset endowment and
input on farmers’ agriculture output costs was explored. (c) We
used transport ease (Transport) and satisfaction of the farmers

from the services provided by bank (BS) as well as control for
local variations to study the influence of loan features over the
agriculture investment of the farmers (Table 2).

High coordination region’s farmers made up 47.14 percent
of the whole sample/data. The average value of agriculture
investment was 8.85, with a standard deviation and median of
1.44 and 8.69 respectively. This suggested significant variation
in the agriculture investment of the farmers in study site.
The estimated value of standard deviation of mediator variable
(Tscale) was 0.13, whereas maximum 0.83, and average value was
0.09. When median value of large finance scale (0.24) and small
(0.04) finance scale were added together, it showed that various
financial scales of the farmers and the degree of their finance
limitations differed substantially. In order to remove the impact
of extremes, all continuous parameters were handled using the
Winsorization approach.

Specification of the Econometric Model
Using DID approaches from the literature as a guide (45),
the GFPs’ influence over the agriculture investment of the
farmers in regions with higher CEF is examined in current
research. This DID approach is useful in determining a policy’s
influence through analyzing the policy’s various impacts on the
control and treatment groups (46): DID model is employed in
observational studies where the control and treatment groups
can’t be presumed to be interchangeable. It is based on a relatively
rigorous concept of exchangeability, i.e., in other words, in the
lack of treatment, the unobserved variations between the control
and treatment groups are identical throughout time. Whereas, it
requires panel data or repeated cross sectional data. Similarly, the
inclusion of multiple time periods and calculation of standard
errors are easy in this model, as well as other variables can be
controlled in order to prevent unreliable coefficient estimations
(47). Mathematically, it is stated as:

Investit = α0 + α1Timeit + α2Treatedit + α3Timeit × Treatedit

+αnControlsit +
∑

Year +
∑

Reg + εit (3)
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TABLE 2 | Depiction of estimated variables.

Variables Indication Description Mean S.D. Mini: Maxi:

Dependent

variable

Invest Using the logarithm to calculate the amount of

money spent on agricultural production goods

8.85 1.44 5.30 15.20

Mediator variables T-scale Aggregate finance scale = annual amount of

aggregate loan / annual assets of aggregate

household

0.13 0.12 0.00 0.83

L-scale Portion of overall debt scale that is higher than the

average is referred to as large finance scale

0.24 0.09 0.13 0.47

S-scale Portion of overall debt scale that is lower than the

average is referred to as small finance scale

0.05 0.04 0.00 0.12

Independent

variables

Time GFPs’ effectiveness is expressed by dummy variable 0.43 0.50 0.00 1.00

Treated Area’s CEF level is expressed by dummy variables 0.47 0.50 0.00 1.00

Control

variables

Labor Labor structure of the rural

household = Working-age population/Total

household population

0.59 0.22 0.14 1.00

SC Member of the family is working as: financial

institution, govt. sector, or village official value: 0, 1

0.21 0.41 0.00 1.00

A-income Farmers per year income/revenue from breeding

and farming, as well as the leasing of acreage and

agriculture equipment and machinery, is considered

agriculture income: unit Yuan

40,558.13 58,603.64 2,000.00 237000.00

T-income Income from property, transfer income, wage

income, and production income are considered as

total income, unit Yuan

84,560.51 82,860.27 15,000.00 36,0000.00

Land A family’s cultivated land comprises areas for

planting trees and crops, unit acres

16.31 19.04 0.50 72.00

Asset Livestock, machinery and supplying material

conditions for the process of production are

considered as fixed assets of agriculture, unit Yuan

9308.61 20,940.10 0.00 80,000.00

Transport The ease with which farmers can get to financing

organizations that issue loans. Very inconvenient =
1, inconvenient = 2, general = 3, convenient = 4,

very convenient = 5

3.88 0.74 1.00 5.00

BS Satisfaction of the farmers from the services

provided by bank. Very dissatisfied = 1, dissatisfied

= 2, general = 3, satisfied = 4, very satisfied = 5

3.98 0.64 1.00 5.00

In the above Equation 3, where farmers and years are
demonstrated through i and t respectively. The agriculture
investment of the farmers is Invest while the dummy variable for
GFP’s time is expressed by Time. Similarly, the areas (sampled
areas) having various degrees of CEF is expressed by Treated,
control variables representation is Controls Random error terms
of same distribution and independent property are grouped
together as ε. Representation of annual dummy variable is Year.
Dummy variable of the sample area is denoted by Reg , this
indicates the year, as well as the impact of the sample regions.
The DID model’s fundamental independent variable is the
Time×Treated, i.e., interacting term. It reflects GFPs’ influence
over the agriculture investment of the farmers in regions with
higher CEF.

The current research developed a model of mediating
effect (Equations 4 and 5) by following (16), in order
to examine the financing limitations’ mediating process
on the influence of GFPs on the agriculture output cost

of farmers.

Tscaleit (or Lscale it or Sscale eit) = φ0 + φ1Timeij×Treatedit

+φnControlit +
∑

Year +
∑

Reg + vit (4)

Investti = γ0 + γ1 Timeit × Treatedit

+γ2Tscaleit(orLscaleit or Sscale eit)

+γnControlsit +
∑

Year +
∑

Reg + µit (5)

In which, various financial scales are represented by (Tscale)
(total), Lscale (large), and Sscale (small scale finance), that
demonstrates various credit capabilities and financial limitations
of the farmers. Farmers with high levels of finance (Lscale) and
good credit capabilities would have fewer financial limitations,
whereas those having small levels of finance (Sscale) and weak
credit capabilities would have stronger financial limitations. The
random error terms for both models (presented in Equations
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4 and 5) are shown by ν and µ respectively. Moreover,
following are the steps for detecting mediation effect; (a) After
reviewing the assessed coefficient α3 in third model (Equation
3) and coefficient α3 is statistically positive and significant
then there is a direct effect over the agriculture investment
of the farmers in the regions with high CEF from GFP.
(b) After examining the assessed coefficients (φ1) and (γ1
and γ2) from both models (presented in Equations 4 and 5)
respectively, and when these coefficients are found significant
then it reflects partially mediating effect. Similarly, when γ1
doesn’t show statistically significance while φ1 and γ2 both are
found significant then this reflects complete mediation effect.
In addition, analysis of bootstrap is applied when any of the
coefficients in both models (presented in Equation 4 and 5) is
statistically not significant.

ESTIMATED OUTCOMES AND
DISCUSSION

Estimated Outcomes of the DID
Regression
The following Table 3 represents the estimated regression
findings obtained through DID model. The Tobit regression
model was employed in the current research to minimize data-
induced deviations. The computed coefficients of the main
independent parameter (Time×Treated) are significantly positive
[α3(1) = 1.25, t=13.02; α3(2) = 0.14, t = 1.90; α3(3) = 0.16;
t= 2.45], as shown in column 1 to column 3. The first hypothesis
is confirmed through the aforementioned outcomes, i.e., there is
stimulating impact of GFPs over the agricultural investment of
farmers in regions with high CEF. Farmers might be encouraged
to minimize their use of both high polluting and high energy
utilizing agricultural techniques as a result of the introduction of
GFPs. The farmers living in higher CEF regions may efficiently
promote production’s low carbon and green development trend.
This permits for better resource consumption and productivity
improvement in viable advancement.

Estimated Outcomes of Mediation Test
This research evaluates models (3, 4) to investigate the influence
of financing limitations on linkage b/w agriculture investment by
farmers and GFP (Table 4). The full sample estimate findings are
in column-1 through column-3 and the comparison evaluation
outcomes are in column-4 through column-7, classified by
finance scale. According to the assessed outcomes that GFPs
have statistically significant positive impact on the agriculture
investment of farmers. There is significantly adverse influence of
GFP on finance scales of farmers [φ1(Tscale) = −0.02, t = −2.26;
φ1(Lscale) = −0.03, t = −2.72] in group with large finance
scale and full sample. Which suggests the adverse influence
of GFP over financial scales of farmers. The financial scales
of the farmers and their financing limitations are decreased
and increased respectively due to the deployment of green
finance. After incorporating intermediate parameter (Tscale,
Lscale, and Sscale), the computed coefficient in financial scale
in 3rd column is adverse [γ2(Tscale) = −0.45, t = −2.90]

TABLE 3 | Estimated outcomes of the DID regression.

(1) (2) (3)

Variables Invest Invest Invest

Time 0.82*** 0.04 0.06

(12.55) (−0.51) (−0.56)

Treated 0.05 0.04 0.13

(0.81) (−0.97) (−0.43)

Time*Treated 1.25*** 0.14* 0.16*

(13.02) (1.90) (2.45)

Labor −0.45*** −0.32***

(−5.71) (−5.73)

SC 0.18*** 0.28***

(4.71) (3.71)

A–income 7.7E−06*** 6.7E−06***

(14.35) (14.40)

T–income 1.9e−06*** 3.8e−06***

(5.67) (5.68)

Land 0.00*** 0.01***

(6.48) (6.50)

Asset 5.44e−06*** 3.1e−06***

(6.57) (4.32)

Transport −0.06*** −0.04***

(−2.75) (−1.58)

BS −0.06** −0.04**

(−2.24) (−1.48)

year 0.04** 0.05**

(2.53) (2.54)

Reg 0.60*** 0.63***

(12.23) (12.26)

Constant 8.70*** −69.75** −75.70**

(196.03) (−2.26) (−3.24)

Observations 2,350 2,350 2,350

R–squared 0.11 0.63 0.30

S.E in (), ***, **, significant at 1, 5, and 10% respectively.

while those of Time×Treated declines [α3 = 0.14, t = 1.90;
γ1(Tscale) = 0.1315, t = 1.77]. It suggests the mediation influence
of financial scale between agriculture investment and GFP in
a partial opposite way. In comparison to the immediate and
positive influence of GFPs over agriculture investment, the
addition of a financial scale parameter reduces the favorable
influence of GFPs over agriculture investment. The investment
of farmers regarding agriculture production is reduced due
to financial limitations. The aforementioned findings apply to
locations with a high CEF. In 6th column, where regression
coefficient is not statistically significant, i.e., [φ1(Sscale) = −0.00,
t = −0.50] in the empirical outcomes of financial scales’
grouping. The small finance scale’s indirect effect coefficient as
per the outcomes of 1000 samples through bootstrap analysis was
statistically not significant −0.00 (p = 0.650). Which suggests
the instability of small finance scale’s intermediary impact
b/w agricultural investment and GFPs. The second and third
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TABLE 4 | Estimated outcomes of mediation test.

Benchmark Total–finance scale Large–finance scale Small–finance scale

(1) (2) (3) (4) (5) (6) (7)

Variables Invest (Path c) T–Scale(Path a) Invest (Paths b and c’) L–scale Invest S–scale Invest

Time*Treated 0.14* −0.02** 0.13* −0.03*** 0.31*** −0.00 0.13*

(1.90) (−2.26) (1.77) (−2.72) (3.10) (−0.50) (1.82)

T–scale −0.46***

(−2.9)

L–scale −0.90***

(−3.23)

S–scale 1.34***

(2.75)

Labor −0.45*** −0.00 −0.45*** 0.018 −0.54*** −0.00 −0.41***

(−5.71) (−0.90) (−5.77) (1.19) (−4.20) (−0.40) (−4.26)

SC 0.18*** 0.02*** 0.191*** 0.03*** 0.28*** −0.01*** 0.15***

(4.71) (3.34) (4.90) (3.96) (4.70) (−3.94) (2.79)

A–income 7.7e−06*** −1.2e−08 7.8e−06*** 2.01e−07* 3.37e−06*** −5.81e−08 1.11e−05***

(14.35) (−0.17) (14.36) (1.90) (3.63) (−1.65) (16.68)

T–income 1.9e−06*** −1.2e−07*** 1.8e−06*** −1.55e−08 2.81e−06*** −1.10e−08 1.83e−06***

(5.67) (−2.90) (5.50) (−0.23) (4.71) (−0.54) (4.75)

Land 0.01*** 0.00*** 0.01*** −0.00 0.00*** 0.00* 0.01***

(6.48) (3.70) (6.69) (−0.91) (2.60) (1.78) (5.84)

Asset 5.5e−06*** 1.52e−08 5.5e−06*** −3.2e−08 5.3e−06*** −6.9e−08 6.5e−06***

(6.58) (0.20) (6.60) (−0.21) (3.90) (−1.32) (6.43)

Transport −0.06*** 0.01*** −0.06** −0.00 −0.22*** 0.01 0.03

(−2.76) (2.81) (−2.60) (−0.90) (−5.90) (0.70) (1.12)

BS −0.06** 0.01** −0.05** 0.00 0.11** −0.00*** −0.13***

(−2.30) (2.60) (−2.10) (1.08) (2.50) (−2.70) (−4.12)

Year 0.04** 0.01*** 0.04*** 0.00*** 0.04*** −0.00 0.05***

(2.60) (4.80) (2.81) (3.60) (2.80) (−1.22) (4.30)

Reg 0.60*** 0.016** 0.61*** −0.05*** 0.83*** 0.02*** 0.41***

(12.30) (2.50) (12.40) (−5.40) (9.50) (7.80) (7.25)

Constant −69.75** −18.60*** −78.21** −11.10*** −73.72** 1.56 −93.01***

(−2.30) (−4.80) (−2.53) (−3.50) (−2.50) (1.30) (−3.94)

R–squared 0.63 0.09 0.63 0.073 0.61 0.11 0.68

S.E in (), ***, **, * significant at 1, 5, and 10% respectively.

hypotheses are supported by the assessed outcomes of Table 4.
While encouraging the farmers to improve their agriculture
productivity, the capital restrictions can effectively limit the
deployment of GFP. With the increasing financing restrictions,
farmers’ ability to allocate green financing credit in agriculture
production becomes more difficult. This is especially apparent in
locations where environmental and financing advancement are
more thoroughly integrated.

The term “green finance” refers to a scenario where
environmental protection and finance are merged. Subsidies
from the government are among the highly successful approaches
for encouraging green development and lowering the emission
of carbon dioxide and improving environmental quality (48).
It is intended, on one side, to finance the development of
innovative products, such as, Huang et al. (49) applied a game
model between firm, bank, and government, which revealed that

government subsidies are a beneficial interference for improving
quality of the environment. While, on other side, it’s employed
to comply with environmental regulations and cut carbon
emissions (50, 51).

Management Type Heterogeneity’s Impact
Based on Mediation Test Analysis
The portion with a negligible mediation impact is eliminated
in current investigation (Small financial scale group). Three
subgroups were made of farmers based on different agriculture
management’ compositions in their residential management:
Purely agricultural, agricultural/farm oriented & simultaneously
functioning others, and non-farm/agricultural oriented &
simultaneously functioning agriculture (also change them
in Table 5). From the perspective of farmers’ heterogeneity
management methods, Table 5 indicates the variations in

Frontiers in Public Health | www.frontiersin.org 9 July 2022 | Volume 10 | Article 903431348

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Mei et al. Green Finance Policies, Sustainable Development

TABLE 5 | Management type heterogeneity’s impact based on mediation test analysis.

Purely agriculture Agricultural/farm oriented Non–farm/agricultural oriented

(1) (2) (3) (4) (5) (6)

Variables T–Scale (Path a) Invest (Paths b and c’) T–scale Invest T–scale Invest

Time*Treated −0.056*** 0.91*** 0.00 0.03 −0.02*** 0.11

(−3.60) −7.95 −0.14 −0.08 (−4.32) −1.33

T–scale −0.37 −0.28 −1.40***

(−0.88) (−0.44) (−4.63)

Labor 0.02 −0.96*** −0.06 0.15 0.117** −0.74***

−0.79 (−4.83) (−1.52) −0.45 −1.05 (−4.52)

SC 0.041*** 0.18** −0.02 0.38** 0.05*** 0.41***

−4.34 (−2.53) (−1.03) −2.10 −3.99 −5.57

A–income 0.00 1.2e−05*** 1.2e−06*** 1.1e−05** 0.00 2.6e−05***

−0.59 −4.79 −2.84 −2.80 −0.56 −10.88

T–income 0.00 0.00 −4.9e−07** −5.5e−06** 0.00 0.00

(−0.52) (−1.04) (−2.32) (−2.92) (−1.04) −1.46

Land 0.00 0.02*** −0.01*** 0.023*** −0.01** −0.01

−1.24 −10.14 (−3.40) −3.82 (−2.86) (−1.44)

Asset 0.00 −1.5e−06*** 0.00 −9.4e−06* 0.00 2.3e−05***

−1.21 (−9.54) −0.10 (−1.77) (−0.91) −3.66

Transport −0.01 0.26*** −0.02* −0.49*** 0.01 −0.04

(−1.16) −4.48 (−1.96) (−6.67) −1.39 (−0.90)

BS 0.04*** 0.28*** 0.01 0.36*** −0.03*** 0.16***

−4.37 −4.15 −1.27 −3.96 (−2.78) −2.83

Year 0.01*** 0.00 0.01 0.02 0.01* 0.03

−4.59 −0.31 −1.29 −0.38 −1.88 −1.45

Reg 0.01*** 0.52*** −0.04 1.06*** −0.03* 0.46***

(−3.95) −3.09 (−5.39) −4.50 (−2.10) −4.50

Const: −19.11*** −3.55 −3.68 −38.67** −11.23* −48.66***

(−4.56) (−0.12) (−0.27) (−0.30) (−1.83) (−2.90)

R–squared 0.23 0.87 0.19 0.47 0.16 0.47

S.E in (), ***, **, * significant at 1, 5, and 10% respectively.

financing restrictions’ mediating impacts. The farmers with
non-farm/agricultural oriented operating style, according to the
estimated outcomes, shown much larger assessed coefficient
as compared to other management groups. The restriction
of finance has an entirely mediated influence. The estimated
outcomes from 1000 samples through bootstrap analysis revealed
that coefficients of indirect impact for other management groups
were −0.02 (p = 0.65) and −0.001111 (p = 0.98), respectively.
Which signified that intermediate impact of other groups of
farmers’ financing restrictions in the association b/w agriculture
investment and GFP isn’t acknowledged.

Its economic consequence is that financing restrictions of
non-agricultural farmers have a stronger adverse regulatory
impact b/w GFP and agriculture investment as compared
to other farmer management groups in high CEF regions.
This represents the fact that non-agriculture farmers
are the intended participants and beneficiaries of the
existing GFP. Whereas 4th hypothesis is supported by the
estimated outcomes.

Analysis of Robustness Test
Analysis of the Parallel Trend Test
In order to analyze the parallel tendency, the current research
utilizes the technique of event-study, making sure that all
investigation items exhibit identical tendency prior to policies
execution (52). The current research establishes the dummy
parameters of yearly impact before and after 2017 using 2017
as benchmark. Then, for comparing plan execution before
and after, create the interaction object of year virtual variable
and empirical grouping (Treated) virtual variable. The policy
differs significantly depending on the study object as shown in
Table 6. Prior to the establishment of green finance policy, the
2 groups’ tendency is essentially identical. This demonstrates
that the preceding regression outcome and sample categorization
are correct.

Analysis of the PSM-DID Assessment
The current research utilizes propensity score matching
technique with DIDmodels (PSM-DID) by following (16, 47, 53)
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TABLE 6 | Estimated outcomes of parallel trend test.

Variables Coef. St. Err. T-value

Before_4 0.06 −0.08 0.72

Before_3 0.05 −0.06 0.73

Before_2 0.02 −0.08 0.27

Before_1 0.02 −0.06 0.30

After_1 0.22*** −0.08 2.65

After_2 0.19** −0.09 2.16

Labor −0.45*** −0.08 −5.71

SC 0.18*** −0.04 4.71

A–income 7.7e−06*** 0.00 14.34

T–income 1.8e−06*** 0.00 5.66

Land 0.01*** 0.00 6.48

Asset 5.4e−06*** 0.00 6.56

Transport −0.06*** −0.02 −2.75

BS −0.06** −0.03 −2.24

Year 0.05*** −0.01 4.24

Reg 0.61*** −0.06 10.31

Constant −84.33*** −21.85 −3.86

Obs: 2350.00

R–squared 0.63

S.E in (), ***, ** significant at 1, 5, and 10% respectively.

in order to examine the variation between control and
empirical groups. The agriculture investment of farmers
and control variables’ propensity score as covariates were
determined. The estimated outcomes of matching test in
Table 7 where mostly variables have P-value < 0.1, bias
is <10%, and statistically insignificant T-test, suggesting
that after matching, there is little difference between the
two groups. Therefore, PSM can be used successfully.
The estimated outcomes in Table 8 for PSM-DID shows
significantly active coefficient for Time×Treated (a3= 0.31,
t = 2.66). The rest of variables, with the exception of BS
variable, have all passed assessment. The rationale for selecting
the control variable can be observed. This suggests the
preceding regression outcome and control variables’ selection
are appropriate.

Alternative Variables
At last, in order to execute robustness test, the goal of current
research is to change the fundamental variable. Increasing the
financial extent of farmers is a critical step for improving
agriculture output finances and boosting income of farmers. The
importance of removing financing obstacles to revenue growth
of farmers, and the interpretable variables have the value [0,
1]. The current research, by following (16, 54), investigated the
intermediate impact through standardizing the new mediator
variables applying the proportion of aggregate loans and yearly
income/revenue as an alternate measure of financial scale.
Total scale, large scale, and small scale finance, i.e., (tscale),
(lscale), and (sscale) respectively, are used to examine new
mediator variable.

TABLE 7 | Estimates of PSM–DID effectiveness test.

Variables T–test P–value Bias (%)

Labor −1.14 0.00 −4.6

SC −1.91 0.96 −7.9

A–income −0.54 0.00 −1.9

T–income −0.96 0.70 −3.6

Land −0.56 0.00 −2.0

Asset −0.13 0.88 −0.5

Transport 1.01 0.00 4.4

BS −0.94 0.00 −4.0

TABLE 8 | Assessments of PSM–DID.

Variables Coefficient S.E T–ratio p

Time −0.16 0.09 −1.67 0.09

Treated −0.01 0.05 −0.16 0.87

Time*Treated 0.31 0.11 2.66 0.01

Labor −0.43 0.10 −4.15 0.00

SC 0.19 0.05 3.91 0.00

A–income 0.00 0.00 9.65 0.00

T–income 0.00 0.00 4.93 0.00

Land 0.01 0.00 5.86 0.00

Asset 0.00 0.00 5.36 0.00

Transport −0.09 0.03 −3.36 0.00

BS −0.05 0.03 −1.36 0.17

Year 0.06 0.02 2.96 0.00

Reg 0.64 0.06 10.88 0.00

Constant −109.72 39.91 −2.75 0.01

R–squared 0.66

The * symbol indicates multiplied by.

Table 9 where regression outcomes reveal significant positive
impacts of GFPs over the growing costs of agriculture output
[γ1(tscale) = 0.14, t = 1.83; γ1(lscale) = 0.22, t = 2.21]. GPFs have
shown adverse impacts (in 2nd column and 4th column) over
removing finance constraints for farmers in the regions of high
CEF [φ1(tscale) =−0.04, t=−1.87; φ1(lscale) =−0.11, t=−5.65],
and the limitations of finance serve as a partial intermediate
role. After the inclusion of intermediate variable, the computed
coefficient of Time×Treated also declines, suggesting that
mediator variables appear to be preventing GFPs from having a
favorable influence on the agriculture investment of farmers. The
estimated indirect impact’s coefficient was−0.00 (p= 0.54) when
coupled with bootstrap analysis, suggesting that intermediate
impact of small finance scale is inadequate. The findings support
the findings of the study’s previous estimation.

Furthermore, the estimated regression outcomes of Table 10
where mediation test’s mediator variables of farmer management
types’ heterogeneity were also altered. The assessed outcomes
endorsed that non-agriculture management has significantly
influenced the mediating impact of finance limitations. With
the exception of non-farm/agricultural oriented operation type’s
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TABLE 9 | Estimated outcomes of robustness test (alternative variable).

Benchmark Total–finance scale Large–finance scale Small–finance scale

(1) (2) (3) (4) (5) (6) (7)

Variables Invest (Path c) t–scale (Path a) Invest (Paths b and c’) l–scale Invest s–scale Invest

Time*Treated 0.14* −0.04* 0.14* −0.11*** 0.22** −0.01 0.13*

−1.90 (−1.87) −1.83 (−5.65) −2.21 (−0.66) −1.85

t–scale −0.1243*

(−1.7)

l–scale −1.09***

(−6.69)

s–scale 0.37***

−3.45

Labor −0.49*** −0.09*** −0.46*** −0.054** −0.62*** −0.08*** −0.38***

(−5.71) (−3.76) (−5.83) (−2.16) (−4.84) (−3.33) (−3.99)

SC 0.18*** 0.02 0.19*** −0.01 0.25*** −0.01 0.14***

−4.71 −1.38 −4.76 (−0.69) −4.26 (−1.00) −2.62

A–income 7.7e−06*** −3.7e−07** 7.7e−06*** 0.00 3.1e−06*** −6.1e−07*** 1.1e−05***

−14.35 (−2.41) −14.26 (−0.29) −3.44 (−3.75) −16.86

T–income 1.9e−06*** −1.0e−06*** 1.8e−06*** −9.7e−07*** 1.8e−06*** −7.8e−07*** 2.1e−06***

−5.67 (−10.70) −5.17 (−8.47) −2.91 (−8.28) −5.34

Land 0.01*** 0.01*** 0.01*** −0.01** 0.00** 0.00*** 0.01***

−6.48 −4.84 −6.63 (−2.43) −2.21 −6.08 −5.38

Asset 5.4e−06*** 9.5e−07*** 5.6e−06*** 2.1e−06*** 7.5e−06*** 7.1e−07*** 6.1e−06***

−6.57 −4.03 −6.69 −8.05 −5.48 −2.92 −6.06

Transport −0.06*** 0.02*** −0.06*** 0.01** −0.20*** 0.00 0.03

(−2.75) −2.86 (−2.64) −2.06 (−5.44) 0.00 −1.16

BS −0.06** 0.00 −0.06** −0.02** 0.08* −0.01 −0.13***

(−2.30) −0.60 (−2.33) (−2.40) −1.89 (−1.50) (−4.20)

year 0.04** 0.02*** 0.05*** 0.01** 0.04*** −0.00* 0.05***

−2.60 −3.69 −2.70 −2.89 −3.04 (−1.70) −4.40

Reg 0.60*** 0.04** 0.61*** −0.14*** 0.72*** 0.07*** 0.43***

−12.30 −2.30 −12.29 (−8.69) −8.20 −4.68 −7.50

Cons: −69.76** −32.17*** −73.75** −15.97*** −80.32*** 9.99* −94.54***

(−2.30) (−3.70) (−2.40) (−2.80) (−2.69) −1.69 (−4.01)

R2 0.63 0.18 0.63 0.31 0.61 0.23 0.68

S.E in (), ***, **, * significant at 1, 5, and 10% respectively.

finance limitations, which had a fully mediating impact, the rest
of the groups are failed in this mediating impact. Based on
bootstrap analysis, the estimated coefficients of indirect effect
for other management types were −0.07 (p = 0.14) and −0.05
(p = 0.49) respectively. The finance limitations of farmers have
an intermediate impact on other types of management isn’t
acknowledged. This indicates that the study’s findings are, to a
degree, trustworthy.

CONCLUDING REMARKS AND POLICY
RECOMMENDATIONS

Conclusions
This study draws the following conclusions:

(1) GFPs’ implementation promotes farmers’ financing
methods’ diversification and provides some effective support

for farmers’ investment in agriculture productivity. It inspires
peasants to capitalize in green, low-carbon productivity
techniques and to improve their skill.

(2) The implementation of GFPs limits peasants’ financial

support somewhat, and the increase in financial restrictions

has a negative impact on farmers’ agricultural input. This

further restricts the promotion of farmers’ agricultural

production optimization. The practices seem to be more

likely to affect the farming financial behavior of peasants

with greater investment levels in the intermediating

directions of the impact of GFP on peasants’ investment

through budgetary restrictions. GFPs’ implementation
makes the green production of farmers’ subject to stronger
behavioral incentives, peasants are being forced to continually
increase the operational expenses of agriculture productivity
upgrading. Whether farmers conduct green production
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TABLE 10 | Estimated outcomes of robustness test (management type heterogeneity).

Purely agriculture Agricultural/farm oriented Non–farm/agricultural oriented

(i) (ii) (iii) (iv) (v) (vi)

Variables t–scale (Path a) Invest (Paths b and c’) t–scale Invest t–scale Invest

Time*Treated −0.20*** 0.67*** −0.13* −0.04 −0.08** 0.24

(−5.13) −5.16 (−2.68) (−0.14) (−2.70) −1.50

t–scale −1.63 −0.38 −0.98***

(−0.62) (−0.91) (−3.94)

Labor −0.06 −1.04*** −0.35*** 0.03 0.02 −0.65***

(−1.07) (−5.91) (−5.96) −0.09 −0.78 (−4.00)

SC −0.0378** −0.25*** 0.04 0.40** 0.01 0.40***

(−2.03) (−4.05) −1.15 −2.18 −0.60 −5.60

A–income 3.1e−06*** 1.7e−05*** 0.00 1.1e−05** 0.00 2.5e−05***

−4.34 −7.07 (−1.30) −2.66 (−1.07) −9.53

T–income −3.9e−06*** −8.8e−06*** 0.00 −5.3e−06** −2.1e−06*** 0.00

(−5.60) (−3.60) (−0.01) (−2.88) (−11.81) (−1.00)

Land −0.00*** 0.01*** 0.00 0.02*** 0.00*** −0.01*

(−2.62) −9.83 (−0.40) −4.10 −4.51 (−1.91)

Asset 3.8e−07*** −9.6e−07*** 2.2e−06** 0.00 −5.2e−06*** 2.3e−05***

−8.47 (−5.85) −2.45 (−1.65) (−4.34) (−3.56)

Transport −0.04** 0.21*** 0.01 −0.48*** 0.00 −0.10*

(−2.29) −3.94 −080 (−6.59) (−0.04) (−1.96)

BS −0.02 0.23*** −0.02 0.34*** 0.00 0.15**

(−1.14) −3.91 (−1.4) −3.90 (−0.10) (−2.69)

year 0.016** 0.05* 0.01* 0.08** 0.01 0.03

−2.20 −1.90 −1.90 −2.20 (−0.89) (−0.79)

Reg −0.29*** 0.08 −0.26*** 0.99*** −0.09*** 0.43***

(−7.80) −0.70 (−6.29) −3.90 (−4.20) (−4.01)

Constant −30.73** −83.27* −21.23 −144.39** −10.50* −46.30*

(−2.10) (−1.69) (−1.80) (−2.10) (−1.90) (−1.69)

R–squared 0.58 0.90 0.57 0.46 0.45 0.48

S.E in (), ***, **, * significant at 1%, 5% and 10 % respectively.

becomes a necessary condition for them to obtain financial
support more easily in the ecofriendly monetary sector.
GFPs will increase the admittance threshold of farmers’
credit. Agricultural green production projects with significant
environmental impacts increase the hollowing impact of
ecological regulatory expenses on peasants’ investment on
production, putting peasants in a bind.

(3) Peasants whom was primarily engaged in non-agricultural
operations may be more likely to benefit from GFPs. People
seem to be more vulnerable to adverse adaptation impact
of income restrictions on the policy-agriculture investment
relationship. Non-agricultural peasants do have pressing
requirements for green-finance and bear a greater portion
of expenses of environmental compliance. It magnifies
the promotion effect of green-finance development on
non-agricultural planning. GFPs’ financial assistances for
agriculture productivity activities are insufficient. The rising
expense of compliance with ecological standards decrease
peasants’ optimistic reaction to GFPs’ production operations.
GFPs’ real effects deviate from the policy objectives.

The currently implemented GFPs have limited guidance in rural
areas, especially in the transformation and upgrading of farmers’
sustainable agricultural production. The benefit of “rein” was
not highlighted, and it has been diminished to overall lending
financial institutions. The efficient supply provided by GFPs
lags behind the demand for green agricultural development in
rural areas and reduces farmers support for green agricultural
development. These findings are most evident in areas with
a high coordination between environmental sustainability and
financial development. Despite the fact that this investigation has
acknowledged a comprehensive interpretation of identifying the
influence of green financial policies and finance limitations on
the agriculture investment of the farmers in terms of farmers’
heterogeneity to achieve sustainable development in Ningxia
and Shaanxi provinces. Nevertheless, the findings of the study
demonstrated the significance of the aforementioned elements.
This research is quantified based on the Ph.D. dissertation’s single
goal, and we are still working on exploring the current topic in
many aspects. However, as mentioned earlier that these are the
fast-growing areas of western China in many aspects and are the
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major grain producing areas. Similarly, efficient establishment
of green finance in the areas of western China is a critical
linkage in achieving the green economic revolution. Therefore,
from future perspective, further investigation is needed regarding
the significance of current topic through advanced econometric
approaches, and their implementation in future policy guidelines.

Policy Recommendations
(1) Government and regulatory agencies should improve
guidance and incentive systems. To promote the development
of diverse green financial markets, a small operating system of
GFPs supporting agricultural green development ought to be
built. Green financial services’ overall assessment system and
target requirements should be improved. Financial support to
banks that provide green financial services should be provided.
It will reduce their operative threats and costs and increase
their enthusiasm for green finance services. To advocate for the
importance of green and carbon neutral agricultural production
for farmers, environmental protection should be promoted.
Farmers should fulfill their social responsibilities and improve
their responsiveness to policy. (2) Financial institutions should
accelerate the development of green financial products to
gradually meet the multi level procedure of farming circular
markets and the diverse funding needs of farmers. Financial
institutions should: intensify efforts to radiate green finance
services to rural areas; reduce financing cost of green projects;
improve the coverage, availability and convenience of green
financial services; effectively solve the credit constraints in
green agricultural production, and increase the “green” benefits
of policies.
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The Significance of Software
Engineering to Forecast the Public
Health Issues: A Case of Saudi Arabia
Haneen Hassan Al-Ahmadi*

Software Engineering Department, College of Computer Science and Engineering, University of Jeddah, Jeddah, Saudi

Arabia

In the recent years, public health has become a core issue addressed by researchers.

However, because of our limited knowledge, studies mainly focus on the causes of

public health issues. On the contrary, this study provides forecasts of public health

issues using software engineering techniques and determinants of public health. Our

empirical findings show significant impacts of carbon emission and health expenditure

on public health. The results confirm that support vector machine (SVM) outperforms

the forecasting of public health when compared to multiple linear regression (MLR) and

artificial neural network (ANN) technique. The findings are valuable to policymakers in

forecasting public health issues and taking preemptive actions to address the relevant

health concerns.

Keywords: public health, artificial neural network, support vector machine, forecasting, Saudi Arabia

INTRODUCTION

Health policymakers are concerned about economic issues and management of the health sector.
Alone, health does not mean the lack of illness, but rather the ability of people to be an asset for
the nation in terms of intrinsic and instrumental value (1). The health sector comprises of complex
technologies that serve public health and wellbeing. The adoption of developmental technologies
in a country is expensive and stimulates the health sector finances. An important factor, which
causes health issues all over the world and cannot be ignored, is particulate matter 2.5 (PM2.5) in
air. For a long time, a causal affiliation has been found among air pollution and health problems in
humans. In Europe, the most problematic pollution is particulate matter 2.5 (PM2.5) and ground-
level ozone (O3). The foremost causes of these toxins are gas and energy outputs used by different
industries or population. Air pollution is highly associated with cardiovascular illnesses, strokes
(2), and respiratory diseases (3). Furthermore, children are also at risk of neurological development
issues from PM2.5 pollutants (4). A study carried out in Australia found that reducing PM2.5 in the
environment decreases premature death rates, indicating that better investments and sustainable
growth steps should be taken by economies to prevent public health crises (5).

This study incorporates the prediction and analysis of Saudi Arabian healthcare issues and risks
for the period of 2008–2019. Our primary aim is to analyze the variables causing health risks, which
ultimately lead to health risks for the country. Second, we further elaborate on the importance
of each variable on medical expenditures, population, carbon dioxide (CO2) emissions, and gross
domestic product (GDP). The health sector affects economic development through the health of
workers and their consequent economic productivity, the country’s financial resources, and also by
improving educational opportunities for the youth population, which can be asset to the country
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(1). We apply three methods, namely, the artificial neural
network (ANN), support vector machine (SVM), and multiple
linear regression (MLR), to find the best model in forecasting
future risks. Last, we present the forecasting of next year’s public
health issues by using the best forecasting tool, which aids
policymakers in their health sector decisions and management
of financing.

Overview of Saudi Arabia
Currently, Saudi Arabia (KSA) has an estimated population of
∼32.6 million, making it the largest country among the Gulf
Cooperation Council (GCC) countries (World Development
Indicators). Saudi Arabia is also believed to be the fastest growing
population among the GCC countries and is anticipated to reach
35 million people by 2050. Figure 1 depicts the increasing trend.
Almost 60% of the population is aged 35 years or younger,
which increases the steady demand of healthcare facilities (6).
As per Vision 2030, many fundamental structural reforms have
been introduced by the government, which also include the
healthcare sector. The healthcare system includes both the
private and public, both of which provide good quality services.
Moreover, 60% of the sector is publicly owned and handled by
the government’s Ministry of Health.With the population in KSA
having significantly increased between 1980 and 2015 and along
with its current protectory, the population size is likely to impact
the quality, quantity, and type of healthcare services available.
Diseases among the Middle East and North Africa (MENA)
region have drastically increased due to lack of health awareness.

Another reason to study the health sector is that health issues
are rising in KSA due to lifestyle diseases such as diabetes, heart
strokes, and other non-communicable diseases. As presented by
Figure 2, the death rate from these serious illnesses is higher
than other diseases. According to statistics, in 2014, over 422
million people were diagnosed with diabetes worldwide and
the MENAs had 38.7 million diabetic patients in 2017. Hence,
these numbers are expected to rise above 70 million by 2024.
Another health-related factor in 2016 is that KSA has an obesity
rate of 34.5% among adults, which was again highest in the
MENA area. Dealing with the rising health expenditure for
the country, especially in private sector which offers several
opportunities to investors, operators, and health professionals, is
yet another challenge for KSA. High capital costs for attracting
high-quality doctors and nurses is important, while maintaining
good healthcare services. Early in 2010, Saudi Arabia increased
investments in its health sector with a surge of 68% of gross
domestic product (GDP) in the national government healthcare
expenditure. This was notably greater than those in northern
Africa (7).

Currently, Saudi Arabia is delivering free healthcare services
to all the citizen and expatriates hired in public sectors, primarily
under the Ministry of Health. The government requires some
private coverage by employers for the expatriates employed
in private organizations. Healthcare services are considered
citizen rights and are mostly covered by government expenses.
Managing GDP for the country—which ultimately leads to
many services provided by government—is another important

challenge for the government. Healthcare investment challenges
are also associated with rising health issues.

LITERATURE REVIEW

Numerous studies have been conducted to monitor the public
health issues (8–11). As health issues are closely related to
good health policies, however, it is important to determine the
factors which are affecting the public health (12–14). While
focusing on the child health issues, several researchers attempted
to investigate the determinants of child health issues (15–17).
Similarly, Gilliland et al. (18) examined the impact of air quality
on child health, which proposes that improvement in air quality
helps to minimize the lungs issues.

In the recent years, emerging air pollutants around the world
and their impact on public health are the key area of study (19–
22). In few important aspects such as indoor and outdoor air
quality, the WHO (23) reports that 3.8 million deaths are caused
by higher risk of diseases, which generate through indoor air
pollution. Tsakas et al. (24) reported that decreased ventilation
rate, modern living, and use of synthetic building material are
also cause of worsening indoor air quality. But, it is an issue to
be raised as reduction in the urban living is yet another emerging
issue. Eisner and Balmes (25) mentioned that air pollution hazard
arises from both the natural and human activities source and
physicians are needed to know that exposure to these pollutants
is rising, especially causing lungs and respiratory issues in
upcoming generations. Sarwar et al. (26, 27) documented the
nexus among carbon emission and health issues.

In case of Saudi Arabia, several studies are addressing the
issues separately and creating awareness among the people for
health-related risk. Alquaiz et al. (28) addressed in the study
about women health risk associated with non-communicable
diseases and found in survey that women are to be at greater
risk in coming era than men. Similarly, Subhan et al. (29)
concluded that young men are at health risk due to smoking
habits. Nafees et al. (30) mentioned that smoker’s household
environment is three times exposed to hazard air pollutants
particles in Saudi Arabia. Al Daajani et al. (31) andMoradi-Lakeh
et al. (32) documented the early age health issues in children in
Saudi Arabia. Al-Hanawi et al. (33) stated that human resource
development is major investment in Saudi Arabian concern,
which is due to the arising concerns in health issues. Unhealthy
lifestyle, due to lack of awareness, making Saudi population prone
toward health risk; however, it is important to find the factors and
put more investments in health sector (34, 35).

Walston et al. (36) describe that Saudi population is
growing rapidly, which leads to more healthcare expenditures
for the country. Population growth is a threat to social and
environmental factors (37) and lead to health issues by burden
of diseases (38). Chemical pollution, environmental pollution,
and water pollution all are causes to the burden of diseases
hence, it causes health risk to the population. Mahmood et al.
(39) stated that environmental policies needed to be re-evaluated,
as Saudi Arabia is an oil generating country that leads more
environmental degradation (40). Health issues has direct link
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FIGURE 1 | Population rising trend (1996–2019) (Source: world development indicators).

to clean environment (20, 26, 27, 41, 42) and many more
confirmed this relation. In this study, we used multiple linear
regression (MLR) and machine learning tools such as support
vector machine (SVM) and artificial neural network (ANN) for
forecasting health issues. Table 1 presents the previous studies,
which incorporated the machine learning tools for forecasting.

Existing literature focused on SVM and ANN for specific
disease, instead of overall public health issues. Either specific
health concerns are important, but it lacks to drive the overall
health issues of a specific country or region. Without an
accurate prediction of health issues, it is nearly impossible
to allocate the exact health budget, as well as to take
preemptive measures. However, this first contribution of existing
study is to fill this gap, in case of Saudi Arabia. Second,
this study contributes by using the linear regression and
machine learning tools to predict the public health in case of
Saudi Arabia, whereas previous literature has not focused on
Saudi Arabia.

DATA AND METHODOLOGY

This study employs multiple linear regression (MLR) and two
main machine learning tools that are support vector regression
(SVR) and ANN, which aim to forecast the health issues.
Although, SVR and ANN are gaining interest among researcher,
the least error in prediction makes it fits to be employed
in this study. The data set contains the period of January
2008 to October 2019 and the sources of data are given in
Table 2.

Regression Model
This statistical model is basically a technique to identify the
relationship between dependent and independent variables.
Regression analysis is mainly used for binary theoretically
dissimilar purposes. First, it is used for the predictions, which
are nearly similar to machine learning tool. Second, in some
circumstances, regression analysis concludes causal relationships
among the independent and dependent variables. Linear model
in equation (1) is as follows:

Health Issue = β0 + β1Health Issuet−1 + β2CO2 + β3GDP

+ β4Health Expenditure+ β5Population+ ε (1)

In this equation, β represents the coefficients of independent
variables. ǫ is referred as error terms that are not detected from
data. We use PM2.5 to as a proxy of health issues, as it seems
one of the major air pollutant particles. Previous studies have
missed the case of Saudi Arabia. Nearly, none of the study is about
public health issues and prediction for Saudi Arabia. However,
it is important to examine the causes and predictions of public
health issues in Saudi Arabia. I will help the policymakers to drive
an accurate health policy.

Support Vector Machine
Support vector machine (SVM) has been occurred as supervised
classification tool for sorting and regression solutions. In the
latest years, this methodology has gained interest and able to
end up many suitable solutions. SVM is being considered as
robust and accurate technique among ML algorithms. Different
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FIGURE 2 | Death rate in Saudi Arabia (per 100,000) in 2019 (Source: world development indicators).

studies opt this method with ANN for health-related issues (49–
52). According to Byvatov et al. (53), SVM outperformed and
outcomes aremore robust with least errors. The regressionmodel
is produced through a sequence of high-dimensional functions.
The formulations between equations (2) and (9) explain SVR
technique from a mathematical aspect.

f ( x) = a∗ (x) + b (2)

where (x) signifies the kernel transformation function for the
inputs and a and b are parameters. The coefficients are designed
by lessening the standardized risk function that is given under:

R
(

f
)

= c
1

n

n
∑

i=1

Lε
(

yi, f (xi)
)

+
1

2

∣

∣

∣

∣a2
∣

∣

∣

∣ (3)

Where, ε is indicated the tolerance value.

Le
(

y, f (x)
)

=
{

0
∣

∣y− f (x)
∣

∣ − ε

∣

∣

∣

∣

y− f (x) < ε

y− f (x) ≥ ε

∣

∣

∣

∣

(4)

In the above equation, Lε
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margin hyperplane, we need to present two slack variables,
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∗
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the following restraint formula:
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TABLE 1 | Overview of support vector machine (SVM) and artificial neural network (ANN) studies.

References Goal Method Findings

Vijayarani and

Dhayanand (43)

Kidney disease prediction using SVM and

ANN algorithms

The interest of this research paper is to

forecast kidney diseases by applying

Support Vector Machine (SVM) and

Artificial Neural Network (ANN).

ANN is better than SVM.

Esmaeily et al. (44) Comparing three data mining algorithms

for identifying the associated risk factors of

type 2 diabetes

In this research, artificial neural network

(ANN), support vector machines (SVMs),

and multiple logistic regression (MLR)

models were used, using demographic,

anthropometric, and biochemical features.

ANN achieves better results.

Madhuravani et al. (45) Prediction exploration for coronary heart

disease aid of machine learning

The tentative result is on three forecast

methods like SVM, K-NN and ANN. It is to

generate and recognize the coronary heart

disease using three diverse organize

machine learning.

Several techniques have been applied for

calculation methods, the finest accuracy

found in ANN, the greatest precision in

K-NN and the top recall in ANN.

Hooda and Mann (46) Examining the Effectiveness of Machine

Learning

Algorithms as classifiers for predicting

disease severity in data

warehouse environments

The Artificial Neural Network (ANN) and

Support Vector Machine (SVM) are

performed to generate improved input

influences (weights and bias) for the

choice of best kernel to categorize the

data for additional diagnosis.

SVM performed better than ANN

Son et al. (47) Application of support vector machine for

prediction of medication adherence in

heart failure patients

They function a Support Vector Machine

(SVM), a machine-learning method

valuable for data sorting.

SVM modeling is a capable classification

method for forecasting medication

adherence in heart failure patients

Mello-Román et al. (48) Predictive models for the medical

diagnosis of dengue: a case study in

Paraguay

They used Artificial neural networks (ANN)

and support vector machines (SVM) as

supporting tools for medical diagnosis.

In their results, SVM polynomial attained

outcomes above 90% for accuracy,

sensitivity, and specificity.

TABLE 2 | Source of data.

Abbreviation Variable Source

Health Exposure to PM2.5 OECD

CO2 Production-based CO2 intensity, energy-related CO2 per capita (Tons) OECD

GDP Real GDP WDI

Health Expenditure Current health expenditure per capita (current US$) WDI

Population Population ages 15–64, total WDI

The dual form is mentioned under:

max
∑n

i=1
yi

(

∅i −∅
∗
i

)

− ε
∑n

i=1

(

∅i −∅
∗
i

)

−
1

2

∑n

i=1

∑n

j=1
yi

(

∅i −∅
∗
i

)

×
(

∅j −∅
∗
j

)

k
(

xixj
)

subject to :

n
∑

i=1

(

∅i −∅
∗
i

)

= 0;

0 ≤ ∅i ≤ C; 0 ≤ ∅
∗
i ≤ C;where i = 1, 2, 3 . . . . . . . . . n

Dependable with the Karush–Kuhn–Tucker theorem, our
regression equation is stated as:

f (x) =
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∗
i
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k
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+ b (8)

k
(

xixj
)

represents a kernel function, which equals the value of
input of two vectors, namely, xi and xj, in the feature space
h (xi) and h(xj).

Among some most utilized kernel functions, such as radial
basis kernel, polynomial kernel, sigmoidal kernel, and linear
kernel, this study used polynomial kernel function to examine
the health issues. Moreover, polynomial kernels have been widely
utilized in diverse applications (54). The polynomial kernel with
an order of d and constant of α1and α2 can be formulated in
equation (9) as:

k
(

xixj
)

=
(

α1xixj + α2

)d
(9)

Overall SVR method centers around the hyperparameters (C, ε)

and the kernel parameters (d). These parameters and their
determining them support correctness of the SVR model. The
identification of all the three parameters significantly influences
the estimation accuracy of SVR tools. More unambiguously, C
provides the balance among the training error and the model
strength. If C takes too huge a value, the observed risk of the
objective purpose will be lessened. According to Vapnik’s, ε is
systemically created minimal radius tube that values of errors,
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FIGURE 3 | Architecture of artificial neural network (ANN).

which are lesser than certain threshold, are ignored. Smaller
values of ε determine low tolerance error, so it effects the support
vector and ultimately the solutions (55).

Artificial Neural Network Models
Artificial neural network (ANN) is stimulated by the neurological
functions caused by human brain and is articulated on the human
being intellectual system. Scholars in numerous fields indicated a
great attention in ANN as of its aptitude to discover resolutions
under multidimensional, non-linear, and complex statistics.
ANN can effortlessly manage with non-linear models and under
imperfect data arrangement plus deliver fruitful consequences.
ANNs comprise a great quantity of computational fundamentals
(neurons) networking across subjective associates. ANN displays
some features such as the functioning norm of the human
brain and later learning multipart knowledge configurations, as
it simplifies this information to apply in several circumstances.

This method can be classified into supervised and unsupervised
model; ANN is better performed in predicting results. ANN is
highly flexible and its capability to perform diverse relationship
from input to output. This technique outperforms even data
set is unclear and missing. ANN is broadly used as a practical
substitute (56). The samples under this technique are divided into
two sets that named as training data and testing data. Testing
data is applied to perform the testing process and training data
gives the link between output and input (57). In order to acquire
the ideal network architecture, different groupings are evaluated.
Among these combinations, a factor is to identify proper transfer
function. We have applied a hyperbolic tangent sigmoid transfer
function as stated in equation (10):

f (x) =
1− e−x

1+ e−x
(10)
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FIGURE 4 | The proposed steps for the methodology of this study.

Frontiers in Public Health | www.frontiersin.org 7 August 2022 | Volume 10 | Article 900075362

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles


Al-Ahmadi Forecasting Public Health

FIGURE 5 | Health issue since 2006–2020.

FIGURE 6 | Plot of health issues and prediction of testing data.

where x is the weighted input summation of the hidden layer and
f (x) is the output of the hidden layer.

The most extensively employed learning algorithm is the
backpropagation algorithm (58). The major idea behind using
backpropagation algorithm is to reduce the sum of square
errors backward propagating through the ANN. The Levenberg–
Marquardt algorithm is generally applied to calculate the weights
of ANN in backpropagation algorithm. This is derived from
Newton’s method (59) and for minimizing a function V

(

d
)

with
respect to the vector d given in equation (11):

▽
(

d
)

= −
[

∇2 V
(

d
)]2∇v

(

d
)

(11)

[∇2 V(d)] denotes the Hessian matrix and ∇V
(

d
)

is the
gradient vector.

Figure 3 elaborates the input, hidden, and output layers
of ANN.

Proposed Method
The anticipated forecasting method is given in Figure 4. This
method incorporates three main stages: First, it identifies the
highly suitable method for forecasting the health issues in Saudi
Arabia. Second, it determines the topmost affecting variable
in forecasting the risk in health matters. Third, it refers some
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TABLE 3 | Autocorrelation of health issues [exposure to particulate matter 2.5 (PM2.5)].

Lags 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Correlation 0.03 0.16 0.45 0.02 −0.16 −0.27 −0.23 −0.41 −0.05 0.47 0.92 0.43 0.12 −0.54 −0.26

The value of autocorrelation is higher at lag 12, however, we use lag 12 as independent variable along with other independent variables.

TABLE 4 | Unit root.

Variable ADF (p) Result KPSS (p) Result

Health 0.001 Stationary 0.742 Stationary

Health Expenditure 0.000 Stationary 0.993 Stationary

CO2 0.027 Stationary 0.254 Stationary

GDP 0.000 Stationary 0.684 Stationary

Population 0.000 Stationary 0.218 Stationary

The null hypothesis of ADF shows the presence of unit root in series. For KPSS, the null hypothesis presents the series are stationary. We found all the variables are stationary at level.

TABLE 5 | Stepwise regression results.

Variable Coefficient Prob.

Health issuest−1 0.992*** 0.000

Health Expenditure −0.050** 0.019

CO2 0.075** 0.011

GDP −0.081*** 0.000

Population −0.093 0.742

Constant 3.686*** 0.000

R-squared 0.997

Adjusted R-squared 0.997

S.E. of regression 0.008

Sum squared residual 0.008

Log likelihood 446.950

F-statistic 8455.636

Prob(F-statistic) 0.000

The *** and ** symbols indicates the level of significance at 1 and 5 respectively.

solutions to decision-makers and health workers, so it helps to
beat the risk issues.

Stage 1: The inputs of the suggested anticipating model
are exposure to PM2.5 of past years, CO2, GDP, health
expenditures, and selected age for population. The primary phase
comprises collection of data, its examination, and abstraction of
its structures.

Step 2: The next step contains dividing the data set into the
training and testing data sets. These data set will aid in identifying
the model’s performance in latter stage and enable to determine
the model restrictions.

Step 3: In this step, different machine learning tools, which
include SVR, ANN, and MLR, are applied to the data set in order
to get the predicting model for health issues in Saudi Arabia.

Step 4: After constructing the forecasting model, this step
compares the performance of each model attained by different
machine learning techniques. The comparison is based on

the mean absolute percentage error (MAPE), which assists in
adjusting parameters to get more correct forecasting outputs.

Step 5: As parameters are adjusted in previous step, this last
stage foresees risks outcomes in health issue for the next years
that benefits policymakers and health workers to identify the
problems and major variables to be noticed.

RESULTS AND DISCUSSION

As discussed in the previous section, our first step includes an
assessment of previous years’ forecasted health issues that were
aroused by some other variables. Using the data from 2008 to
2019, Figure 5 clearly defines that, according to time plotted,
2010 was an important year as the rise in health exposure to
PM2.5 increased each month. The following years had the same
pattern. The main contributors to the poor air quality are the
carbon output from automobiles and manufacturing plants, as
well as the effects of natural uncertain dust storms. In Saudi
Arabia, dust storms are worse during spring from March to May
every year (60).

Other than historical health data, more variables should be
considered to identify and assess health risks. For this purpose,
we incorporated variables such as CO2, GDP, health expenditure,
and population. Figure 6 predicts the testing data by linear
plotting. Its linear trend helps to forecast a correct and
precise model.

Moreover, we applied tests to analyze the autocorrelation
values from lag 1 to lag 15, as shown in Table 3. The results
depicted that lag 11 had the highest autocorrelation value of 0.92.
Forecasting the time series health issues suggested that inputs
include CO2, GDP, health expenditure, and lag11 (lag health)
in the proposed model. Upon further analysis, we performed a
stepwise regressionmodel to identify the best predicting variables
that affect health in Saudi Arabia.

Splitting the Data Set
The anticipated procedure to forecast health risks requires other
variables as mentioned by regression model. Each variable is
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FIGURE 7 | The graph shows the real health issues and forecasts from multiple linear regression (MLR), ANN, and support vector regression (SVR) for training data.

TABLE 6 | Mean squared error (MSE) and mean absolute percentage error (MAPE) statistics to evaluate the forecasting performance.

ANN SVR MLR

MSE MAPE MSE MAPE MSE MAPE

Training data 15.309 0.725 0.008 0.014 5.847 0.605

Testing data 0.233 4.838 0.010 0.015 0.186 0.163

important to predict the risk of health issues. Continuing the
procedure, the data set is divided into the training and testing
data sets for the period of 1/1/2008 to 31/12/2018 for the
proposed model.

Table 4 shows the unit root test results applied on our
data set. Prior to application of MLR technique, we analyzed
the existence of stationary data set. We applied Augmented
Dickey–Fuller (ADF) and Kwiatkowski–Phillips–Schmidt–Shin
(KPSS) tests and our results confirmed that all the variables
are stationary at level. Hence, we can apply our MLR
technique following our selected machine learning tools such
as ANN and SVR. Demonstrating stepwise regression results in
Table 5, we found that health expenditures, CO2, and GDP are
significantly contributive toward the health issues forecasting.
Since population is considered to be insignificant in its role of
prediction, Saudi Arabia faces challenges of carbon emission and
its impact on public health because of its oil production (39).
As one of the richest countries in the world, Saudi Arabia is
investing huge funds into their public sectors such as education

and health. In such scenario, the government provides health
opportunities by increasing the health benefits at door steps (61).
The effect of GDP with its oil income is higher, directly reducing
the investment in health expenditures, so it is an important factor
in recognizing the health risk in upcoming years. The population
is rising, which increases the health expenditure (33); but, in case
of Saudi Arabia, it is not significant predictor for health risk.
Health expenditure of the country is negatively related to health
issues, which highlight that more health expenditure leads to less
public health risks. Increased health spending will decrease health
risks in Saudi Arabia for the next few years. We also found that
CO2 has a positive effect on health since hazard emissions in the
environment affect exposure to PM2.5, raising the pollution level
and creating health and environmental issues. Considering the
effect of GDP, it has a negative relationship with health because
of progress in other sectors that result in less spending toward
health departments.

Figure 7 is the graphical representation of our results that
prove that SVR forecast on the data set is more accurate, whereas
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FIGURE 8 | The percentage errors of MLR, ANN, and SVR models for testing data.

FIGURE 9 | The graph shows the real health issues and forecasts from MLR, ANN, and SVR for testing data.
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FIGURE 10 | Forecasted health issues from October 2018 to October 2019.

MLR and ANN are lacking behind as in prediction model.
Table 6 demonstrates that SVR is the most precise forecasting
model of mean squared error (MSE) with value 0.008 and
MAPE with 0.014 for training data. Similarly, testing data also
showed the lowest value of MSE with 0.010 and MAPE with
0.015 compared to MLR and ANN. In this study, ANN is
with highest MAPE of 0.725 in predicting the future health
issues. The proposed SVR model with a polynomial cubic kernel
function can be implemented as a significant policymaking tool
in forecasting the upcoming risk in health issues and what steps
to take.

Figure 8 determines that prediction of health risks has lower
percentage in SVR techniques than in ANN and MLR. ANN
has highest percentage of errors. Figure 9 represents the forecast
testing data derived from SVR and this graph depicts that the data
are the closest to observed data. Accuracy is more justified to be
used as predicting model for health issues in this study.

Since our results support the SVR model for prediction, we
use the SVR machine learning tool to forecast the health issues
in coming months. Figure 10 depicts that health issues will
rise in the upcoming months, but health issues will decrease,
compensating for the rise. We attribute this to the government’s
precaution and increased spending in health-related policies.

CONCLUSION AND IMPLICATIONS

The rise in health issues resulting from environmental factors
stimulates the concentration of researchers, since this is an

important policy or financing department for countries. This
study incorporates forecasting of health issues of KSA and
highlights the major impacts on public health. The people
of KSA are also facing rising health issues due to their
personal lifestyle and poor eating habits. Another factor is
hazardous emissions that cause air pollutants, which are vital
to understanding the health risks. In this study, we used four
variables, which are proposed forecasting factors for health-
associated risks in Saudi Arabia. These factors include carbon
emissions, GDP, population, and health expenditures. This
study applied multilinear regression to understand and find
the primary concern of forecasted health issues. Our statistical
results show a strong negative relationship between health issues,
GDP, and health expenses of the country. This demonstrates
that GDP and health financing of the country can decrease
health issues. We believe that, as a participant of the National
Transformation Program 2020, the Ministry of Health declared
advanced funds, improvements, and development of the Saudi
Arabian healthcare plan. Moreover, investments in the health
department started in 2010 and to date are considered to be
an important part of policymaking and to finance departments.
According to Tyrovolas et al. (62), KSA mortality rates decrease
more during the period of 2010 to 2017 than from 1990 to
2010. Our analysis found that carbon emissions negatively affect
health risks, since PM2.5 arises from hazardous emissions, which
contribute to major health issues. Air pollution is highly affiliated
with cardiovascular illnesses, strokes, respiratory diseases, and
neurological development in children (2–4). Since population is
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found to be insignificant and shows no association with health
issues, KSAs rising population might increase health expenses
because of free medical services, but healthcare investments are
enough to fix this risk.

In this study, another important finding includes the accurate

forecasting model for health issues risk in KSA. We applied
MLR, SVM, and ANN for this purpose, which resulted in
SVM to be more accurate than ANN and MLR techniques.

As mentioned in Table 6, SVM has the most accurate results
with MSE of 0.008 and 0.010 for training and testing data
as compared to ANN and MLR. On this basis of accuracy

selection of SVM model, we forecasted that medical issues will
rise in the beginning of next year. Drastic reduction has also

been forecasted by the year October 2019, giving a view of
the National Transformation Program 2020 activities effect on
this reduction.

As a result of this study’s findings, we recommend that
policymakers concentrate on variables such as carbon emission,
GDP, and health expenses in their decision-making. These are
highly contributive factors for health issues risks and cannot be

ignored to combat this concern. Financing for health expenses
needs investments, hence enhancing GDP is a vital factor to
increased government spending. Decision-makers can use the
machine learning tool SVM to forecast upcoming years’ health

issues before determining policy or financing decisions, so they
can achieve more accurate results and less error performance.
This study can be further enhanced by comparing the other GCC

countries and determining the most impactful factor in decision-
making. In another way, this study has missing pandemic time

period and can incorporate pre- and post-coronavirus disease
2019 (COVID-19) situation of the country. This study can further
be improved by introducing variables such as dividing population
into gender, age below 35 or above 35 years, and children.
This could highlight whether population is still an insignificant
factor in forecasting health issues or if some classification is not
contributing significantly toward health risk issues. Importantly,
further studies can use other proxies of health issues such as
exposure to carbon.

DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: WDI and OECD.

AUTHOR CONTRIBUTIONS

HA-A formulates the idea, write the manuscript, and analyse the
results and review the manuscript.

FUNDING

This work was funded by the University of Jeddah, Jeddah, Saudi
Arabia, under grant No. (UJ-22-DR-24).

ACKNOWLEDGMENTS

The author would like to acknowledge the University of Jeddah
for its technical and financial support.

REFERENCES

1. Lustig N, Gonzalez E. Investigating in Health for Economic Development.

In: Commission on Microeconomics and Health Macroeconomics and

Health (2004).

2. Shah AS, Lee KK, McAllister DA, Hunter A, Nair H, Whiteley W, et al.

Short term exposure to air pollution and stroke: systematic review and

meta-analysis. BMJ. (2016) 354:i4851. doi: 10.1136/bmj.i4851

3. Atkinson RW, Kang S, Anderson HR, Mills IC, Walton HA. Epidemiological

time series studies of PM2.5 and daily mortality and hospital admissions:

a systematic review and meta-analysis. Thorax. (2014) 69:660–5.

doi: 10.1136/thoraxjnl-2013-204492

4. Suades-González E, Gascon M, Guxens M, Sunyer J. Air pollution

and neuropsychological development: a review of the latest evidence.

Endocrinology. (2015) 156:3473–82. doi: 10.1210/en.2015-1403

5. Broome RA, Fann N, Cristina TJN, Fulcher C, Duc H,Morgan GG. The health

benefits of reducing air pollution in Sydney, Australia. Environ Res. (2015)

143:19–25. doi: 10.1016/j.envres.2015.09.007

6. Young Y, Alharthy A, Hosler AS. Transformation of Saudi Arabia’s health

system and its impact on population health: what can the USA learn? Saudi

J Health Syst Res. (2021) 1:93–102. doi: 10.1159/000517488

7. The World Bank DataBank - World Development. Indicators (2013).

doi: 10.1596/978-0-8213-9616-2

8. Al-Aly Z, Bowe B. The road ahead for research on air pollution and kidney

disease. J Am Soc Nephrol. (2021) 32:260–2. doi: 10.1681/ASN.2020121713

9. Kan H, Chen B, Zhao N, London S, Song G, Chen G, et al. Part 1. A time-series

study of ambient air pollution and daily mortality in Shanghai, China. Res Rep

Health Eff Inst. (2010) 154:17–78.

10. Carré J, Gatimel N, Moreau J, Parinaud J, Léandri R. Does air pollution

play a role in infertility?: a systematic review. Environ Health. (2017) 16:82.

doi: 10.1186/s12940-017-0291-8
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Based on the exogenous shock of digital financial development in China

in 2013, a di�erence-in-di�erences (DID) model is set up in this paper

to investigate the causal relationship between digital financial development

and haze pollution reduction. The finding of the paper is that a one

standard deviation increase in digital finance after 2013 decreases the PM2.5

concentrations by 0.2708 standard deviations. After a number of robustness

checks, like placebo tests, instrumental variable (IV) estimations, eliminating

disruptive policies, and using alternative specifications, this causal e�ect is not

challenged. In addition, this paper explores three potential mechanisms of

digital finance to reduce haze pollution: technological innovation, industrial

upgrading, and green development. Moreover, the heterogeneous e�ects

signify that the usage depth of digital finance works best in haze pollution

reduction. Digital finance has more positive e�ects in cities in the north and

those with superior Internet infrastructure and higher levels of traditional

financial development. However, the quantile regression estimates suggest

that for cities with light or very serious haze pollution, the positive impact

of digital finance is limited. These findings supplement the research field

on the environmental benefits of digital finance, which provides insights for

better public policies about digital financial development to achieve haze

pollution reduction.

KEYWORDS

digital financial development, haze pollution, PM2.5, exogenous shock, Chinese cities

Introduction

China’s rapid economic growth, industrialization, and urbanization have exacerbated

the severe air pollution problems, with increasing negative impacts on human health

and social development (1–3). Since 2013, the World Health Organization has been

tracking air quality to assess its impact on heart disease, lung cancer, and other respiratory

diseases. In 2015, air pollution was responsible for more than 1.1 million deaths
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in China1. Apart from its detrimental effects on human health

and the environment, air pollution can also result in significant

economic loss. In China, it is estimated that the loss of labor

supply due to air pollution caused a 1.34% drop in real GDP in

2007, with a GDP loss of approximately 361.468 billion Yuan (4).

China, as the world’s largest developing country and

haze pollutant emitter (5), has taken many measures to

reduce air pollution (6), including strengthening environmental

regulations (5) and enforcing traffic restrictions (7). One of the

most prominent measures is to strengthen the use of financial

instruments. These financial tools include the implementation

of green credit policies and the opening of the national carbon

emissions trading market. In the Industry 4.0 era, financial

support is the basis for achieving sustainable development (8).

As a result of the development of digital technology, digital

finance has become not only a critical link in the financial

system, but also an important growth point for the green

economy in industry 4.0 (9).

Digital finance is usually used to refer to the financial

industry’s digitization, which encompasses all electronic

products and services in the financial sector (10–12). Digital

finance is defined as “financial services made available via

cell phones, computers, the Internet, and cards connected to

a secure digital payment system” (13). In general, any digital

financial service consists of three critical components: the digital

trading platform (the Internet), the retail agent, and the device

used by the consumer and the agent to access the service online

(most frequently a cell phone). In June 2013, Alipay launched

Yu’E Bao, and then in November, the Third Plenary Session

of the 18th Central Committee of the Communist Party of

China (CPC) officially proposed “developing digital finance.”

Therefore, it is commonly considered that 2013 was the first

year of digital finance development in China (14). Resulting

from the rapid development of third-party online payment

platforms, represented by Alipay (15–17), China’s digital finance

has grown rapidly (18, 19). According to the report released

by the Institute of Digital Finance, Peking University, and Ant

Financial Services Group2, the average digital finance index

(DFI)3 in Chinese prefecture-level cities has risen from 51.92 in

2011 to 230.73 in 2018, representing a 23.75% annual growth

rate. Globally, the rapid rise of digital finance has attracted the

attention of scholars and institutions [e.g., Shen et al. (12); Chen

and Zhao (15); Wan et al. (19); Zhong (20)].

Current studies have concentrated on the macroeconomic

implications of digital finance, including economic growth (12,

13); technological innovation (21); and traditional financial

market shocks (22). There have been studies exploring the

1 https://www.aljazeera.com/news/2017/12/23/chinas-killer-smog-

rolls-in

2 Ant Financial Services Group is the parent company of Alipay, both of

which are part of the Alibaba Group.

3 The original data for DFI came from Alipay.

impact of digital finance on microeconomic aspects such

as consumption structure (23), industrial structure (11, 16),

and household welfare (15, 24). Additionally, some studies

have been interested in the environmental impact of digital

finance in recent years. One strand of literature looked at

how digital finance affects carbon emissions, and these findings

backed up the idea that digital finance works to cut carbon

emissions (20, 25–27). Another category of studies highlighted

the beneficial contribution of digital finance to sustainable

development (20, 24, 28).

In contrast to the above studies, we pay close attention to the

causal relationship and potential mechanisms between digital

financial development and haze pollution reduction in China.

However, there are some studies that are similar to our work.

Specifically, Wan et al. (19) andWen et al. (29) concerned about

the influence of digital finance on industrial pollutant emissions,

such as industrial sulfur dioxide. Although they argued that

digital finance can aid in reducing industrial pollutant emissions

in Chinese cities, there was a threshold effect. Moreover, Wang

et al. (30) and Yang et al. (31) found a negative impact of

digital finance on PM2.5 concentrations in China, but they

did not analyze and examine the underlying mechanisms in

detail. More importantly, the identification of the causal effect of

digital financial development on haze pollution is not properly

addressed in these previous studies.

To address these concerns, we employ the difference-in-

differences (DID) approach to identify the causal relationship

by using an exogenous shock of digital financial development

in China in 2013 (32, 33), which effectively addresses the

endogeneity issue. In 2013, mobile payments, represented by

Alipay, are the dominant digital financial tool in China. With

the popularity of e-commerce and the launch of Yu’E Bao,

digital finance rapidly spread in China, and Alipay subsequently

became the most used third-party online payment tool in the

world4. Given the representativeness and importance of Alipay,

we use DFI to represent digital finance, with the raw data of DFI

coming from Alipay.

Our DID estimates support the idea that digital financial

development can help curb haze pollution in China. The parallel

trend tests illustrate that using this exogenous shock in 2013 is

quite convincing. In addition, our results remain robust after

excluding other disruptive policies, like Smart Cities, the Air

Pollution Prevention and Control Action Plan (APPCAP), and

Broadband China. We also confirm this causal effect by using

the instrumental variable (IV) method, placebo tests, alternative

specifications, and county-level data. Furthermore, we test

the mechanisms by which digital financial development curbs

haze pollution in China, including technological innovation,

industrial upgrading, and green development.

4 http://finance.sina.com.cn/money/bank/gsdt/2018-05-04/doc-

ifzyqqiq9855109.shtml
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The following contributions aremade by this paper. First, we

explore the positive impact of digital finance on haze pollution

reduction and seek to identify the causal effects through an

exogenous shock for digital finance, which further complements

the research field on environmental benefits of digital finance.

Second, this paper explores the mechanisms by which digital

financial development reduces haze pollution in several ways,

which not only provides insights for subsequent studies, but

also informs the development of relevant public policies to

exploit the pollution control effect of digital finance. Third, our

heterogeneity analysis implies that the positive impact of digital

finance on reducing haze pollution in different types of cities is

inconsistent. Because of these, it is especially important to use

digital finance to help control air pollution in accordance with

local conditions.

The remaining sections of this paper are as below.

Section 2 reviews the literature and develops hypotheses.

Section 3 introduces the institutional background. Section 4

explains the methodology and variables. Section 5 presents

and analyzes the empirical results. Section 6 concludes

and discusses.

Literature review and hypothesis
development

Numerous academics have already examined finance’s

impact on the environment and pollution (34–36). However,

as fintech and digital finance have developed at a breakneck

pace in the past few years, the environmental benefits of

digital finance have become a hot topic among academics. The

impact of fintech on the environment, pollutant emissions,

green growth, and energy efficiency is more abundantly

studied than digital finance (18, 37, 38). These findings

suggest that fintech, both globally (39) and in China (40),

can not only reduce pollution, but also promote sustainable

economic and ecological development. Also, studies on

OECD countries (41) and Switzerland (42) have drawn the

same conclusion.

Compared to fintech, digital finance is more focused

on the widespread digitalization of the financial sector (13,

15). Additionally, some studies have demonstrated that the

Internet could reduce air pollution and promote environmental

sustainability (20, 43). Thus, digital finance, based on fintech

and the Internet, is also likely to have positive environmental

benefits. Nowadays, several studies have recognized the positive

role of digital finance in reducing carbon emissions (19, 29).

By curbing pollutants such as SO2 and PM2.5, digital finance

can potentially improve air quality and promote sustainable

development (30, 31). As mentioned above, we formulate our

first hypothesis:

H1: Digital finance has a dampening effect on air pollution.

According to existing literature, digital financial

development may curb haze pollution in the following

three ways: technological innovation, industrial upgrading, and

green development.

First, financial markets provide the necessary funds

for innovative activities, which can have a direct impact

on technological innovation and, consequently, on the

development of new-energy and green technology (31). Due

to restrictive competition and credit discrimination, financial

resources cannot be optimally allocated in traditional financial

markets, creating financial constraints on corporations (44),

and impeding their capacity for green innovation (45). In

comparison with traditional finance, digital finance alleviates

information asymmetry and makes access to financial services

more convenient, which has made it easier for small and

medium-sized green businesses to get financial services

(11, 46). Digital finance has effectively reduced the credit risk

of banks, broadened the financing channels of enterprises

(47), and eased their financial constraints, hence enhancing

their technological innovation, promoting green technology

innovation, and improving energy and environmental

performance (10, 11, 48, 49). Furthermore, digital finance

broadens the pool of investors and services, increasing funding

volume and distributing the risk associated with innovation

across a wider group. As a result, digital finance is more willing

and able to enter high-risk innovation areas, enhancing green

innovation (10, 17). Moreover, green innovation has a positive

effect on the environment and cut down on haze pollution

(5, 45, 50). Thus, the second hypothesis is put forth:

H2: Digital finance is likely to control air pollution through

technological innovation effect.

Second, digital finance has sped up the upgrading of

industrial structure in different ways, including expanding

the range and depth of financial services and optimizing

resource allocation (11, 51). More specifically, digital finance

can assist in upgrading the industrial structure by improving

the credit system and fostering the flow of funds to high-

quality industrial projects (11, 52). In another words, digital

finance helps to promote the industrial structure. Digital finance,

according to Qu et al. (51), not only boosted the development

of China’s tertiary sector, but also expedited the greenization

of industrial structure. Additionally, some studies found that

digital finance benefits the transformation and upgrading of

traditional manufacturing and agriculture. Chang et al. (53)

conducted a review of the literature on digital finance and

discovered that digital finance can promote the transition from

traditional manufacturing to greenmanufacturing, affirming the

positive effect of digital finance on industrial green upgrading.

Using data from listed enterprises in China, Chen and Zhang

(16) demonstrated empirically that digital finance greatly

facilitated manufacturing servitization and promoted green

manufacturing development. Simultaneously, because of the

prevalence of digital trading platforms and the Internet, digital
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finance boosts the greenization and sustainable development of

agriculture (38, 54). Digital finance, as an enabler and conduit

for green finance, shares many features with green finance (13).

It has been demonstrated that green finance can aid in the

greenization of industrial structures (55). Pollution can also be

reduced by applying green financial tools, such as green credit

and green investment (36, 56, 57). Moreover, industrial structure

upgrading can reduce air pollution, thereby improving air

quality (58, 59). In summary, we develop the third hypothesis:

H3: Digital finance may curb haze pollution by industrial

upgrading effect.

Third, digital finance may contribute to haze pollution

reduction by promoting green and sustainable development.

At the micro level, digital finance increases borrower and

lender transparency, reduces financial risks and borrowing costs,

thereby increasing the efficiency of the banking industry (13).

All these provide stable financial support for the development

of green enterprises, and improve the green total factor

productivity of enterprises (28). Muganyi et al. (40) suggested

that fintech can address the funding gap of green technologies

by improving the enterprises’ financial environment, which in

turn raises green total factor productivity and reduces energy

consumption and pollutant emissions. Besides, at the macro

level, digital finance can raise green total factor productivity

by improving the agglomeration degree of producer services

(25, 56). Zhou et al. (60) discovered that while both fintech and

green finance contribute significantly to green growth, there is

significant regional heterogeneity in the impact of fintech and

green finance on green growth. Some studies have examined the

impact of the Internet and financial development on green total

factor productivity, with the conclusion that both can contribute

significantly to green growth (20, 28). Digital finance, as a new

part of the financial system, is bound to influence green growth

and air pollution, as well, so we propose the last hypothesis.

H4: Digital finance helps achieve haze pollution reduction

through green development effect.

Institutional background

Back in 1997, China Merchants Bank officially opened its

own website and started to provide web technology services

for financial institutions. In 2003, Taobao launched Alipay

in order to solve the problem of a single form of payment

and information asymmetry in e-commerce. With the birth of

Alipay, a third-party payment platform, China’s digital finance

has gradually progressed from technical to commercial. In 2011,

the People’s Bank of China gave official third-party payment

licenses to some third-party platforms, like Alipay, Tenpay,

and UnionPay, which created momentum for digital financial

development and mobile payments in China.

In 2013, digital finance in China exploded and quickly

took the country by storm. The implementation of a series

of measures made this year in China the 1st year of digital

finance (14, 32, 33). Alipay launched Yu’E Bao in June,

which made it possible for digital finance to spread rapidly in

China. In the following months, Sina and Tencent launched

Weibank and Wechat pay to enter the wealth management

market, respectively. Subsequently, Jingdong and NetEase

each launched their own financial platforms. Meanwhile, the

quick advancement of digital finance is dependent on the

support of the Chinese government. In November 2013, the

proposal of “developing digital inclusive finance” was officially

brought up for the first time at the Third Plenary Session

of the 18th Central Committee of the Communist Party

of China.

Among all the digital financial tools in China, the mobile

payment represented by Alipay is undoubtedly one of the most

successful. As shown in Figure 1, after 2013, mobile payments

in China grew by leaps and bounds. In addition, according to

the 2019 China Mobile Payment Development Report from the

State Information Center, over 92% of Chinese mobile payment

users use Alipay. As of June 2018, Ant Financial Services Group

had partnerships with about 380 Chinese cities and 31 provincial

and municipal governments in the areas of digital cities and

“Internet+” government services, which cover most aspects of

social life. For example, Hainan Province has promoted Alipay’s

province-wide coverage, Hangzhou buses have all supported

Alipay, and citizens in Fuzhou can enjoy convenient services

in areas such as life payment and medical care through Alipay.

Currently, Alipay is used in a number of economic and social

sectors, including those related to transportation, education,

health care, dining out, and retail.

Considering that the digital financial index we used in

the later analysis, which is also constructed based on Alipay

data, we further describe the situation of Alipay and Yu’E

Bao. In Figure 2, it is clear that the total transaction amounts

of Alipay rose from 0.34 trillion in 2011 to 13.76 trillion

in 2018, including a 268.52% year-on-year increase in 2013.

Meanwhile, the active users of Alipay also surpassed 300 million

in 2013, 2.50 times more than in 2012. In addition, as shown

in Figure 3, since its establishment in June 2013, the number

of users of Yu’E Bao has always been growing, and the total

size has also maintained a positive trend until 2017. Yu’E

Bao, the world’s largest money fund, has established a broad

market for Alipay and laid the foundation for China’s digital

financial development.

Methodology and variables

Empirical strategy

This paper aims to figure out if there is a causal relationship

between digital financial development and haze pollution by

using the 1st year of digital finance in China, 2013, as an
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FIGURE 1

Transaction value and number of transactions of mobile payments in China from 2006 to 2018. Source: The 2019 China Mobile Payment

Development Report.

FIGURE 2

Transaction amount and active users of Alipay from 2011 to 2018. Source: EnfoDesk and Alipay Annual Report.

exogenous shock. The reasons are as follows: First, since 2013,

many digital financial tools, such as mobile payment, Internet

wealth management, and Internet lending, have rapidly gained

popularity in China. Among them, Alipay is the most successful

digital financial tool in China, thanks to the launch of Yu’E Bao

in June 2013 and the rise of e-commerce (61, 62). As described

in Section 3, after 2013, Alipay users and transaction amounts

grew rapidly. Second, consistent with the previous studies (10,

11, 15, 19, 20), digital finance is measured by the DFI, which

is jointly compiled by the Institute of Digital Finance, Peking

University, and Ant Financial. Apparently, the initial data on

DFI came from Alipay. Thus, the data and events described

above set the stage for us to use the DIDmodel to identify causal

relationships. Third, Wang (32) and Zhao et al. (33) also used
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FIGURE 3

Total assets and users of Yu’E Bao from 2013 to 2018. Source: https://www.statista.com/statistics/1060702/china-mobile-payment-

transaction-value/#statisticContainer.

the exogenous shock of digital financial development in 2013 as

a basis for identification. Taken together, the baseline DIDmodel

in this study is written as:

PM25it=a0 + a1DFIit ∗ Post13t + a2Xit + δi + λt + θpt + εit

(1)

where the subscripts i, t, and p, respectively, represent

the city, year, and province. δi, λt , and θpt refer to the

city fixed effect (FE), year FE, and province-by-year FE,

respectively. Controlling for the high-dimensional FE mitigates

the potential impact of certain characteristics that vary from

year to year at the provincial level on our estimates (33,

63). PM25it denotes the haze pollution of city i in year t,

which is widely used in previous studies (2, 64, 65). DFIit

is a continuous variable indicating the development status

of digital finance in city i in year t; Post13t is a dummy

variable, which equals to 1 if the year is in 2013 and later,

and 0 otherwise. The coefficient a1 on the interaction item

DFIit ∗ Post13t is the DID estimator we are concerned about.

Xit refers to a set of control variables, which includes city

characteristics and climate characteristics. εit is the random

error term.

Note that the difference between the model we set up

and the traditional DID model is that DFI is a continuous

variable in equation (1), which is because we cannot strictly

distinguish between control and treated groups. In fact,

this approach is often used in DID models, and also

yields a net effect under causal identification (66, 67). For

example, in the study of Chen et al. (66), the number of

educated youth in each county was used to reflect the degree

of the Send-Down Movement, and Chen and Zhou (68)

employed excess mortality as a proxy for famine shocks.

More importantly, exploiting continuous variables in the DID

framework can better capture the extent of exposure to policy

influence, which is increasingly accepted by scholars and is

gaining popularity. In this paper, we do not set a dummy

variable to construct a traditional DID model based on the

median or mean of DFI, because it is impossible to avoid

additional endogeneity problems from human intervention.

Therefore, cities with relatively high levels of digital finance

are regarded as potential treated groups, while cities with

relatively low levels of digital finance are considered potential

control groups.

Additionally, the parallel trend assumption must be satisfied

to use the DID model. In other words, before exogenous shocks

to digital finance occurred in 2013, the haze pollution status of

the cities needed to have the same trend. Drawing on the event

study approach (66, 69, 70), we utilize the following model to

conduct the parallel trend tests.

PM25it = β0 +
∑

βτDFIiτ ∗Post13τ + β2Xit + δi

+ λt + θpt + µit (2)

where DFIiτ ∗ Post13τ represents the relative year τ of city i

from being influenced by the exogenous shock for digital finance

in 2013. τ equals to 0 indicates the year in which the exogenous

shock occurred. Thus, a negative (positive) τ indicates before

(after) the exogenous shock. For example, τ equals to−1 is the

1st year prior to the exogenous shock. If the coefficient βτ is not

significant when τ is negative, it means that the parallel trend

is satisfied.
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FIGURE 4

Digital finance level in Chinese cities (2011–2018).

Variables

Haze pollution

Haze pollution is our explained variable, which is measured

by the annual average concentration of urban PM2.5 in this

paper. This is because PM2.5 is the main source of haze pollution

in Chinese cities (4, 7, 64). Compared with other air pollutants,

such as PM10, PM2.5 is more destructive to the respiratory and

immune systems, and is more likely to cause respiratory and

cardiovascular diseases (4, 71). The Chinese government and

the public have currently focused on haze pollution caused by

PM2.5 (2). The PM2.5 concentration data for each city in this

study is from the Atmospheric Composition Analysis Group at

Washington University in St. Louis5.

Digital finance

As mentioned in the above sections, digital finance

is measured by the DFI, published by the Institute of

Digital Finance, Peking University. This index records the

digital financial development in China in detail, covering

three levels: province, prefecture-level city, and county. The

index also includes three secondary indicators: coverage

5 Source: https://sites.wustl.edu/acag/datasets/surface-pm2-5/.

breadth (CBI), usage depth (UDI), and digitization level

(DLI). In Figure 4, we draw the geographical distribution

map of prefecture-level digital finance around 2013. On

average, China’s digital finance has tripled since 2013. In

addition, some cities with relatively developed economies have

higher levels of digital finance, such as the Yangtze River

Delta, the Pearl River Delta, and the Beijing-Tianjin-Hebei

city clusters.

Control variables

To accurately capture the impact of digital financial

development on haze pollution and reduce the endogeneity,

we must introduce some control variables. Referring to the

previous literature (2, 7, 29, 30, 72), city characteristics and

climate characteristics are two levels of control variables in our

study. First, for city characteristics variables, considering the

environmental Kuznets curve (20), we control for GDP per

capita, Fiscal expenditures, and Fiscal revenue. Human capital,

as measured by Education expenditures and University, is also

included as a control variable (2, 43). In addition, we consider

Transport infrastructure and Savings, due to the potential impact

of infrastructure, savings, and consumption on haze pollution

(7, 30). Moreover, given that some previous scholars found that

the environmental impact of foreign investment and industrial
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enterprises (29, 72), FDI, Foreign-owned enterprises, and Above-

scale enterprises are taken into account. Finally, in particular,

we control for Internet penetration rate, Financial development,

and Postal services that are strongly tied to the development

of digital finance and may affect haze pollution (37, 38).

Adding them to our regressions helps to overcome the potential

endogeneity problem.

Second, similar to prior research (69, 70), climate

characteristics cover three variables, Temperature, Relative

humidity, and Precipitation, as the influence of climatic

factors on haze pollution is gradually attracting attention.

The definitions of above variables are listed in Table 1. The

data on city and climate characteristics comes from the

China City Statistical Yearbook and the National Weather

Service, respectively.

Descriptive statistics

The descriptive statistics of the variables are shown in

Table 1, with all continuous variables being winsorized to

remove the effect of extreme values. We can see that the annual

average PM2.5 concentrations are 43.5086 µg/m3, indicating

that pollution in Chinese cities is generally severe, according

to the World Health Organization’s classification of the annual

average concentrations of PM2.5. In addition, the mean of

DFI at the prefecture-city level is 152.188; the mean values of

the three sub-indicators of DFI, namely CBI, UDI, and DLI,

are 143.069, 150.583, and 185.678, respectively. Moreover, for

control variables, the average GDP per capita is 50.261 thousand

Yuan, and the mean ratios of fiscal expenditure and fiscal

revenue to GDP are 18.55 and 7.86%, respectively. The average

Internet penetration rate and traditional financial development

index are 20.36% and 2.3060.

Results

Baseline results

According to model (1), the DID method is used to look

into the effect of digital finance on haze pollution. The baseline

results are represented in Table 2, with all standard errors

clustered at the prefecture-city level. Considering the potential

sensitivity of estimates for the core explanatory variable to

controls, we added these control variables in batches in each

column. Specifically, in column (1), we control for some basic

city characteristics variables and then further control for climate

variables in column (2). As can be seen, both DFI∗Post13
coefficients are significantly negative. In column (3), we further

include three important control variables, Internet penetration

rate, Financial development, and Postal services. It is obvious

that the DID estimate remains significantly negative. Finally, in

column (4), we control for the province-by-year FE, a set of high-

dimensional FE, finding that the DFI ∗ Post13 coefficient is also

significantly negative at the 1% level.

Not only statistically, but also economically, this paper finds

that digital finance has a substantial effect on haze pollution.

In particular, in column (4), our preferred specification, the

DFI∗Post13 coefficient is−0.0598, indicating that after 2013,

with rapid growth in digital finance, a one-unit increase in the

digital financial index resulted in an average decrease of 5.98%

in PM2.5 concentrations in Chinese cities. The results show

that a one-standard deviation increase in digital finance after

2013 decreases the PM2.5 concentrations by 0.2708 standard

deviations when converted using standard deviations. Taken

together, these findings support the H1 that digital financial

development does mitigate haze pollution in China.

In combined above, the Internet penetration rate is

negatively correlated with haze pollution. However, the

relationship between GDP per capita and haze pollution is

not stable, which may be influenced by the environmental

Kuznets curve (20). In addition, fiscal revenue is negatively

related to haze pollution, which may be influenced by the

environmental control and environmental protection policies of

local governments (30, 64).

Parallel trend tests

As discussed in Section Methodology and variables, the

crucial prerequisite for adopting the DID method is to satisfy

the parallel trend tests. The estimated results based on model

(2) are depicted in Figure 5 by using the event study. The

estimated coefficients are both insignificant at the 5% level6

before period 0 (in 2013), indicating that the parallel trend is

satisfied, and our DID estimates in Table 2 are quite convincing.

After period +2, the estimated coefficients become significantly

negative at the 5% level. Moreover, we find the coefficients

decrease over time, implying that the marginal effect of

digital finance development on reducing PM2.5 concentrations

gradually increases. Overall, these results further suggest that

digital financial development is responsible for haze pollution

reduction in Chinese cities.

Mechanism tests

To further test the subsequent hypotheses, we examine

three mechanisms for digital finance to reduce haze pollution:

technological innovation, industrial upgrading, and green

development. Due to the availability of data for the mechanism

variables, the sample size of some regressions may be different

from the main results.

6 These estimated coe�cients are also insignificant at the 10% level.
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TABLE 1 Variable definitions and descriptive statistics.

Variables Definition N Mean SD

PM2.5 Annual average concentration of PM2.5 (µg/m
3) 1921 43.5086 19.280

DFI Digital Finance Index for prefecture-level cities 1921 152.188 60.628

CBI Coverage breadth of digital finance 1921 143.069 58.210

UDI Usage depth of digital finance 1921 150.583 63.310

DLI Digitization level of digital finance 1921 185.678 80.704

Post13 = 1 if the year is 2013 and later; 0 otherwise 1921 0.7361 0.4409

DFI*Post13 The interaction item of DFI and post13 1921 133.056 87.305

GDP per capita GDP per capita of the city (10,000 yuan) 1921 5.0261 3.0109

Fiscal expenditures The radio of fiscal expenditures to GDP 1921 0.1855 0.0797

Fiscal revenue The radio of fiscal revenue to GDP 1921 0.0786 0.0266

Education expenditures The radio of education expenditures to the total fiscal expenditures 1921 0.1801 0.0388

University Number of universities or colleges 1921 1.7509 0.8981

Transport infrastructure Road haulage traffic (100 million tons) 1921 1.1842 0.9640

Savings Total savings in cities (100 million yuan) 1921 3.7081 2.7790

FDI The radio of amount of foreign capital actually utilized to the GDP (multiplied by 100) 1921 1.6777 1.5340

Foreign-owned enterprises Number of foreign-owned enterprises in the city (logarithmic) 1921 3.2059 1.4621

Above-scale enterprises Number of above-scale enterprises in the city (logarithmic) 1921 6.6838 0.9976

Temperature Annual average temperature of the city (◦C) 1921 15.2703 4.9668

Relative humidity Annual relative humidity of the city 1921 0.6890 0.0934

Precipitation Annual precipitation of the city (mm/100) 1921 0.4057 3.0794

Internet penetration rate The number of international Internet users to the total population 1921 0.2036 0.1586

Financial development Total bank loans and deposits divided by the GDP 1921 2.3060 1.0688

Postal services Total postal services of the city (10,000 yuan, logarithmic) 1921 10.5842 1.1074

Technological innovation

We consider whether digital finance affects technological

innovation, as highlighted in H2. City technological innovation

is measured by patents, as the core innovation output (17,

73). In line with previous studies, the original data for the

patents came from the China National Intellectual Property

Administration (2, 45). More importantly, this patent database

contains information on green patents, including two types:

green inventions and green utility models. Thus, we first

construct five mechanism variables: Patents granted, Green

invention patents applications, Green invention patents granted,

Green utility model patents applications, and Green utility model

patents granted. The latter four variables are more reflective

of a city’s green innovation capacity (For detailed descriptions,

see the Panel A of Table A1 in the Appendix). The first five

columns of Table 3 imply that digital financial development

only promotes green patents, while the effects on total patents

granted and green utility model patents are not statistically

significant. These results are consistent with prior literature (10,

11). Considering the role of technological innovation, especially

green innovation, in reducing air pollution (6), we consider that

digital finance has the potential to reduce haze pollution by

encouraging green innovations in cities.

In addition to patents, there are also some comprehensive

indicators that can reflect cities’ overall innovation capacity,

represented by the City Innovation Power Index and the

City Innovation and Entrepreneurship Index (54, 69)7 (See

Panel A of Table A1 in the Appendix for details). As shown

in column (6) of Table 3, the coefficient of DFI∗Post13 is

significantly positive, which indicates that the Chinese cities’

innovation capability is considerably increased by digital

financial development. Therefore, the results in Table 3 confirm

that digital finance does play a role in city innovation and back

up ourH2.

Industrial upgrading

As discussed in Section Literature review and hypothesis

development, another important channel for haze pollution

reduction is industrial upgrading. Referring to the previous

studies [e.g., Chen and Zhang (16); Zhao et al. (17); Han

et al. (58)], we select four variables to characterize city

7 The former is compiled by the Industrial Development Research

Center, Fudan University, and the latter is led by Enterprise Big Data

Research Center, Peking University.
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TABLE 2 The e�ects of digital finance on air pollution: DID methods.

(1) (2) (3) (4)

DFI*Post13 −0.0462*** −0.0459*** −0.0417*** −0.0598***

(0.0140) (0.0142) (0.0152) (0.0189)

GDP per capita −0.4753** −0.4628** −0.3967* 0.2401**

(0.2075) (0.2068) (0.2080) (0.1152)

Fiscal expenditures 24.1045* 23.6827* 21.0556 −2.7074

(13.1553) (13.1445) (13.1727) (5.3868)

Fiscal revenue −85.8466*** −84.7290*** −83.8340*** −24.2515**

(18.6175) (18.4069) (18.0406) (10.3356)

Education expenditures 4.7590 4.3414 3.5617 5.0075

(10.5647) (10.6020) (10.6283) (6.9693)

University −0.7368 −0.7970 −0.8414 1.5586**

(1.4179) (1.4209) (1.4074) (0.7594)

Transport infrastructure 0.1004 0.1114 0.0971 0.0560

(0.4500) (0.4503) (0.4508) (0.2378)

Savings 0.8375** 0.8065** 0.8052** −0.5251

(0.3736) (0.3788) (0.3824) (0.3479)

FDI −0.6067** −0.6061** −0.6039** −0.0111

(0.2476) (0.2455) (0.2431) (0.1202)

Foreign-owned enterprises −0.9952 −1.0096 −1.0421 −0.1829

(0.8997) (0.9136) (0.9310) (0.5595)

Above-scale enterprises −0.6905 −0.5491 −0.1778 −0.4216

(1.1214) (1.1242) (1.1755) (0.9620)

Temperature 0.0106 0.0644 −0.6961

(0.4799) (0.4803) (0.4766)

Relative humidity −5.5241 −4.4828 −1.9996

(6.2296) (6.2740) (4.4658)

Precipitation −0.0340 −0.0297 −0.0259

(0.0628) (0.0632) (0.0405)

Internet penetration rate −2.3942 −3.8272***

(2.5325) (1.4680)

Financial development 0.7095 −0.0464

(0.7070) (0.4002)

Postal services −0.3988 −0.0938

(0.3972) (0.2083)

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Province-by-year FE No No No Yes

Adjusted R2 0.9344 0.9343 0.9345 0.9769

N 1921 1921 1921 1921

*, **, ***represent the significant levels of 10%, 5%, and 1%, respectively. Parentheses

indicate standard errors clustered at the city level.

industrial upgrading: Industrial structure index, Ratio of tertiary

industry to secondary industry, Tertiary industry efficiency, and

Manufacturing. The first two reflect the optimization and

upgrading of the overall industrial structure in cities (17); the

third describes the development efficiency of the tertiary sector,

FIGURE 5

Parallel trend tests.

which has a relatively small negative impact on haze pollution;

the last reflects the internal structure of the secondary sector, as

manufacturing is one of the primary producers of air pollutants

in China (74) (see Panel B of Table A1 in the Appendix).

Except for column (3), all the estimated coefficients

of DFI∗Post13 are significantly positive in Table 4, which

indicates that the development of digital finance leads to

urban industrial upgrading. Specifically, digital finance leads

to an increase of 0.08 points in the industrial structure index,

promotes employment in the tertiary sector relative to the

secondary sector, and decreases manufacturing employment.

However, digital finance has failed to improve tertiary industry

efficiency. Although digital finance brings new impetus for

the tertiary sector (11, 51), efficiency improvement requires

long-term accumulations of human capital, physical capital,

and technology (75). Current digital financial development

is insufficient to support the efficient growth of the tertiary

industry. These results back up our H3 and show that

digital financial development helps with industrial upgrading,

which could help cut down on haze pollution even more

(58, 59).

Green development

As emphasized in H4, the last potential explanation for

the haze pollution reduction in the digital finance era is green

development. Similar to most of the previous literature, we use

green total factor production (GTFP) to represent the green

development of cities [e.g., Liu et al. (24); Zhou et al. (60); Xia

and Xu (76)]. We adopt the Malmquist-Luenbergen Index to

calculate the GTFP. Physical capital, labor, land, and energy

are considered the input indicators. The expected output is

GDP, while non-expected output includes industrial wastewater

discharges, industrial sulfur dioxide emissions, and industrial

soot emissions. These indicators’ descriptions are shown in
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TABLE 3 Mechanism tests: Digital finance and technology innovation.

(1) (2) (3) (4) (5) (6) (7)

Patents

granted

Green patents

applications

Green patents

granted

Green utility

model patents

applications

Green utility

model patents

granted

City

Innovation

Power Index

City Innovation

and

Entrepreneurship

Index

DFI*Post13 0.0007 0.0033** 0.0037*** −0.0017 0.0008 0.0052** 0.0003

(0.0007) (0.0016) (0.0011) (0.0011) (0.0012) (0.0021) (0.0002)

Baseline controls Yes Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes Yes Yes Yes

Adjusted R2 0.9427 0.9604 0.9621 0.9647 0.9637 0.8931 0.9583

N 1921 1471 1469 1471 1469 1472 1921

**, ***represent the significant levels of 5%, and 1%, respectively. Parentheses indicate standard errors clustered at the city level. The baseline control variables are consistent with column

(4) in Table 2.

TABLE 4 Mechanism tests: Digital finance and industrial upgrading.

(1) (2) (3) (4)

Industrial

structure index

Ratio of tertiary industry to

secondary industry

Tertiary industry

efficiency

Manufacturing

DFI*Post13 0.0007*** 0.0075*** −0.0003 −0.0010***

(0.0003) (0.0018) (0.0003) (0.0003)

Baseline controls Yes Yes Yes Yes

City FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes

Adjusted R2 0.9009 0.8859 0.8533 0.9102

N 1883 1919 1670 1878

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at the city level. The baseline control variables are consistent with column (4) in Table 2.

Table A2 of the Appendix, and the China City Statistical

Yearbook provides their original data. Furthermore, the GTFP

can be divided into two categories: efficiency change (EC)

and technology change (TC) (see Panel C of Table A1 in

the Appendix).

In column (1) of Table 5, the DID estimate shows that

the coefficient of DFI∗Post13 is significantly positive at the 5%

level, revealing that digital financial development increases the

GTFP and promotes green development in Chinese cities. This

finding is consistent with previous studies (24, 56). Considering

the close positive relationship between the green development

model and haze pollution reduction (28, 77), we confirm

the reliability of H4 that digital financial development can

help reduce PM2.5 concentrations by promoting green and

sustainable development. Moreover, in columns (2) and (3),

for two sub-indicators, we find that digital finance considerably

contributes to technology change but does not have a significant

impact on efficiency change. There are a lot of similarities

between these estimates and the previous one that examined

the impact of digital finance on innovation capability in

Chinese cities.

Heterogeneity e�ects

In this subsection, we explore the potential heterogeneity

effect in several ways. First, as mentioned in Section 4, the

digital finance index includes three secondary indicators, CBI,

UDI, and DLI. In the framework of the DID model, we

construct three interaction terms, CBI∗Post13, UDI∗Post13,
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TABLE 5 Mechanism tests: Digital finance and green development.

(1) (2) (3)

GTFP EC TC

DFI*Post13 0.0012** 0.0001 0.0014***

(0.0006) (0.0007) (0.0005)

Baseline controls Yes Yes Yes

City FE Yes Yes Yes

Year FE Yes Yes Yes

Province-by-year FE Yes Yes Yes

Adjusted R2 0.5723 0.0723 0.6228

N 1219 1219 1219

**, ***represent the significant levels of 5%, and 1%, respectively. Parentheses indicate

standard errors clustered at the city level. The baseline control variables are consistent

with column (4) in Table 2.

TABLE 6 Heterogeneity e�ects for sub-indexes of digital finance.

(1) (2) (3)

CBI*Post13 −0.0329**

(0.0131)

UDI*Post13 −0.0545***

(0.0161)

DLI*Post13 −0.0074

(0.0052)

Baseline controls Yes Yes Yes

City FE Yes Yes Yes

Year FE Yes Yes Yes

Province-by-year FE Yes Yes Yes

Adjusted R2 0.9767 0.9771 0.9765

N 1921 1921 1921

**, ***represent the significant levels of 5%, and 1%, respectively. Parentheses indicate

standard errors clustered at the city level. The baseline control variables are consistent

with column (4) in Table 2.

and DLI∗Post13. The coefficients of the interaction terms

are significantly negative in columns (1) and (2) of Table 6,

demonstrating that the coverage breadth and usage depth

of digital finance contribute to haze pollution mitigation.

More specifically, these estimates suggest that after 2013, the

PM2.5 concentrations decreased by 0.0993 and 0.1789 standard

deviations for each standard deviation increase in coverage

breadth and usage depth, respectively. Therefore, in comparison,

the usage depth of digital finance may help lessen haze pollution

in China more.

Second, we performed some tests of heterogeneity at the

city level. In terms of geographical location, northern Chinese

cities have experienced more severe haze pollution in recent

years (59, 64). Therefore, using the Qinling-Huaihe Line as the

dividing line, the Chinese cities are split into two sub-samples:

those in the north and those in the south (2, 17, 69). In the first

two columns of Table 7, the coefficient of DFI∗Post13 is only

significant in the column (1), suggesting that digital finance can

produce greater positive benefits in the northern regions where

haze pollution is more severe. Moreover, considering the close

correlation between digital finance and the Internet foundation

and financial development (13, 15, 17), digital finance is likely to

grow faster in regions with higher levels of Internet penetration

and financial development. Thus, the cities are divided into two

sub-samples based on the medians of Internet penetration rate

and Financial development. The last four columns of Table 7

show that digital finance significantly cuts haze pollution by

a lot in cities that have better levels of Internet foundation

and traditional financial development. In other words, a better

information technology base and traditional financial base create

better conditions for digital finance to curb haze pollution.

Third, given that the positive effects of digital finance may

differ at different PM2.5 concentrations, we conduct quantile

regressions for further heterogeneity analysis (70, 78). Table 8

shows that estimated coefficients onDFI∗Post13 are significantly
negative in columns (2), (3), and (4), but insignificant in

columns (1) and (5). These results imply that digital finance

has a more significant impact in the middle of the conditional

distribution for haze pollution than at either end. That is, the

impact of digital financial development on cities with very light

or very severe haze pollution is insignificant. Digital finance is a

non-mandatory approach to haze pollution control, therefore,

for some cities with very serious air pollution, the effect may

be limited. In contrast, cities in China that are barely affected

by haze pollution are mainly dominated by tourism and tertiary

industries and are relatively less dependent on digital finance.

Moreover, digital financial instruments do not contribute to

further improving the marginal environmental benefits of these

low-pollution cities.

Robustness checks

To confirm the reliability of our baseline results in

Table 2, we perform several robustness tests, including placebo

tests, controlling for disruptive policies, IV estimations, using

alternative specifications, and adopting the county-level data.

Placebo tests

2013 was the 1st year of digital finance in China. It can be

used as an exogenous shock to determine the causal relationship

between digital financial development and haze pollution. In

the placebo tests, we advance this shock by 1 year to 2012.

The first column of Table 9 shows that the estimated coefficient

on DFI∗Post12 is insignificant, Implying that 2013 is valid

as an exogenous shock to digital financial development in

China. In addition, as discussed in Section 4, although DFI

is a continuous variable, in the DID specification, cities with
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TABLE 7 Heterogeneity e�ects at the city level.

(1) (2) (3) (4) (5) (6)

Northern

cities

Southern cities Better internet

foundation

Worse internet

foundation

Higher

financial

development

level

Lower financial

development

level

DFI*Post13 −0.1182*** 0.0152 −0.1112*** −0.0030 −0.1209*** 0.0036

(0.0281) (0.0180) (0.0335) (0.0250) (0.0251) (0.0243)

Baseline controls Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.9786 0.9755 0.9757 0.9848 0.9725 0.9808

N 827 1094 960 961 960 961

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at the city level. The baseline control variables are consistent with column (4) in Table 2.

TABLE 8 Quantile regressions.

(1) (2) (3) (4) (5)

QR_10 QR_30 QR_50 QR_70 QR_90

DFI*Post13 −0.0282 −0.0531*** −0.0670*** −0.0579*** −0.0175

(0.0224) (0.0139) (0.0130) (0.0128) (0.0165)

Baseline controls Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes Yes

N 1921 1921 1921 1921 1921

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at the city level. The baseline control variables are consistent with column (4) in Table 2.

better digital financial development are considered a potential

treated group, while cities with low levels of digital finance are

regarded as a potential control group (66, 67). Therefore, two

pseudo-treated groups are constructed. On the one hand, we

define cities with negative digital finance growth as the pseudo-

treated group I. On the other hand, we consider cities with

digital finance in the bottom 25% of the quantile as the pseudo-

treated group II. Clearly, in Table 9 columns (2) and (3), the

coefficients on DFIpseudo∗Post13 are both insignificant. In sum,

these placebo tests further strengthen the persuasiveness of our

baseline results.

Disruptive policies

During the study period, there are some policies related

to digital finance, including Smart Cities, Low-carbon Cities,

Forest Cities, APPCAP, and Broadband China, that may affect

our estimations. Therefore, we further control these policies to

perform robustness tests (66, 70). Among them, Smart Cities

and Broadband China policies directly improve the Internet

infrastructure of cities (79, 80), which may not only affect digital

financial development, but also promote green development and

reduce PM2.5 concentrations (81). The other three belong to

environment-related policies, whose effectiveness in improving

air pollution has been confirmed by previous studies (64, 69).

We follow the DID specification to construct dummy

variables to represent the potential impact of these policies.

Specifically, a city is set to 1 when it becomes a pilot city

in a given year and 0 otherwise. In the first five columns

of Table 10, we control for these policies, respectively, finding

that our main results are not sensitive to these disruptive

policies. In column (6), after controlling for all five policies,

the estimates show that the coefficient on DFI∗Post13 remains

significantly negative.
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IV estimations

The IV approach is applied in the paper to further eliminate

potential endogeneity. Specifically, we select the interaction term

between average digital finance within the same province and

Post13 as our IV. On the one hand, due to the spillover effects of

digital finance, the digital finance development in a city is closely

related to other cities in the same province (12). Therefore,

theoretically, this IV satisfies the correlation assumption. On the

other hand, since we strictly control the city FE and province-

by-year FE, digital finance in other cities is hard to influence

the haze pollution in a certain city through other channels

directly. Thus, we believe that this IV also theoretically satisfies

the exclusion restriction hypothesis.

TABLE 9 Placebo tests.

(1) (2) (3)

One year in

advance

Pseudo-

treated group

I

Pseudo-

treated group

II

DFI*Post12 −0.0187

(0.0261)

DFIpseudo*Post13 −0.0025 −0.0404

(0.0045) (0.0277)

Baseline controls Yes Yes Yes

City FE Yes Yes Yes

Year FE Yes Yes Yes

Province-by-year FE Yes Yes Yes

Adjusted R2 0.9774 0.9764 0.9765

N 1921 1921 1921

Parentheses indicate standard errors clustered at the city level. The baseline control

variables are consistent with column (4) in Table 2.

The results of IV estimation using the two-stage least

squares (2SLS) method are reported in Table 11. There is

a significant positive correlation between IV and the core

explanatory variable, suggesting that the correlation assumption

is satisfied. In addition, the first-stage F value is greater than

the criticality of 10, and the Cragg-Donald Wald F statistic and

Kleibergen-Paap rk LM statistic are within a reasonable range.

These statistics indicate that our estimations exclude the issue

of weak IV. Furthermore, in the second stage, the coefficient

of DFI∗Post13 remains significantly negative at the 1% level,

indicating that our estimates remain robust after further

eliminating potential endogeneity problems after using the

IV estimations.

TABLE 11 IV estimations.

(1) (2)

DFI*Post13 PM2.5

IV*Post13 0.3910***

(0.1192)

DFI*Post13 −0.5127***

(0.1638)

First-stage F value 10.7570

Cragg-Donald Wald F statistic 72.0772

Kleibergen-Paap rk LM statistic 3.5614

P-value 0.0591

Baseline controls Yes Yes

City FE Yes Yes

Year FE Yes Yes

Province-by-year FE Yes Yes

N 1921 1921

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at

the city level. The baseline control variables are consistent with column (4) in Table 2.

TABLE 10 Robustness checks by controlling for disruptive policies.

(1) (2) (3) (4) (5) (6)

Smart cities Low-carbon cities Forest cities APPCAP Broadband China All policies

DFI*Post13 −0.0639*** −0.0611*** −0.0598*** −0.0629*** −0.0642*** −0.0707***

(0.0202) (0.0191) (0.0189) (0.0189) (0.0192) (0.0204)

Baseline controls Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.9769 0.9769 0.9769 0.9770 0.9770 0.9771

N 1921 1921 1921 1921 1921 1921

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at the city level. The baseline control variables are consistent with column (4) in Table 2.

Frontiers in PublicHealth 14 frontiersin.org

384

https://doi.org/10.3389/fpubh.2022.942243
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhao and Yan 10.3389/fpubh.2022.942243

TABLE 12 Robustness checks by using alternative specifications.

(1) (2) (3) (4) (5) (6)

Deleting

special cities

Controlling

time trends

Adding other

controls

Balancing

panels

2008-2018 SO2 emissions

DFI*Post13 −0.0851*** −0.0596*** −0.0647*** −0.0596*** −0.0524*** −0.0040***

(0.0257) (0.0189) (0.0215) (0.0191) (0.0190) (0.0011)

Baseline controls Yes Yes Yes Yes Yes Yes

City FE Yes Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes Yes Yes

Adjusted R2 0.9769 0.9768 0.9769 0.9768 0.9787 0.8306

N 1669 1921 1807 1689 2598 1833

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at the county level. The baseline control variables are consistent with column (4) in Table 2.

Using alternative specifications

We conduct some robustness checks by using alternative

specifications. First, we exclude all municipalities, sub-

provincial cities, and provincial capitals, as the inconsistency

in administrative status leads to the possibility that these cities

may have an advantage in developing digital finance. Second,

the impact of haze pollution in cities may be amplified by time

trends. This is because digital finance is closely tied to some

factors, such as the cities’ geographic locations, socioeconomic

development, and openness. Thus, employing the method of

Lu et al. (82), we include some interaction terms between these

factors and linear trends over time in the baseline regression8.

Third, we add some other control variables, namely Fixed

asset investment, Population density, Economic growth rate, and

Salary per capita. Fourth, we construct balanced panel data.

Fifth, we extend the years to 2008 to guarantee the consistency

of the years before and after the exogenous shock in 2013.

Finally, there is a synergistic effect with PM2.5 and SO2, which

is another major air pollutant in Chinese cities (83). Therefore,

we use SO2 emissions as a proxy for the explained variable. In

Table 12, we find the DID estimate of DFI∗Post13 is unchanged,
which indicate that our main results are quite satisfactory in

capturing these alternative specifications.

Adopting county-level data

Asmentioned in the above sections, the digital finance index

covers data at the provincial, municipal, and county levels, so

we adopt county-level data for robustness tests. However, the

county-level data are not comprehensive in terms of control

variables; therefore, we only include GDP per capita, Fiscal

expenditures, Fiscal revenue, Savings, Financial development,

Number of college students, and Number of enterprises above

8 These factors include GDP per capita, Fiscal expenditures, Education

expenditures, FDI, Internet penetration rate, and Financial development.

TABLE 13 Robustness checks by adopting county-level data.

(1) (2) (3) (4)

DFI*Post13 −0.0269***

(0.0075)

CBI*Post13 −0.0053

(0.0047)

UDI*Post13 −0.0283***

(0.0074)

DLI*Post13 −0.0157***

(0.0036)

Baseline controls Yes Yes Yes Yes

County FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

Province-by-year FE Yes Yes Yes Yes

Adjusted R2 0.9777 0.9777 0.9778 0.9778

N 8723 8723 8723 8723

***represent the significant levels of 1%. Parentheses indicate standard errors clustered at

the county level. The baseline control variables are consistent with column (4) in Table 2.

the scale, whose raw data are obtained from the China County

Statistical Yearbook. All the DID estimates in Table 13 are

significantly negative, except for column (2). In particular,

the results in column (1) show that after 2013, for every 1

unit increase in the county-level digital financial index, the

PM2.5 concentrations decrease by an average of 2.69%. Taken

together, adopting county-level data, the conclusion that digital

financial development significantly curbs haze pollution is

not challenged.

Conclusion and discussion

The environmental benefits of digital finance have attracted

scholarly interest in recent years [e.g., Wan et al. (19); Wen
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et al. (29); Wang et al. (30); Yang et al. (31)], but the causal

effect and potential mechanisms have been overlooked. In this

paper, the DID model is constructed to identify the cause-

and-effect relationship by using the exogenous shock from

China’s 1st year of digital finance in 2013. Moreover, this causal

relationship between digital finance and haze pollution is further

confirmed by placebo tests and IV estimations. Additionally,

we test the mechanisms by which digital finance curbs

haze pollution in China, including technological innovation,

industrial upgrading, and green development.

The main findings are summarized below. First, we

find that digital financial development significantly reduces

haze pollution in Chinese cities, as evidenced by a set of

robustness checks. According to the DID estimates, a one

standard deviation increase in digital finance after 2013 would

result in 0.2708 standard deviations reduction in PM2.5

concentrations. Second, digital finance can drive technological

innovation, promote industrial upgrading, and contribute to

green development, which may further reduce haze pollution.

Third, heterogeneity analysis shows that compared to the

coverage breadth of digital finance, the usage depth of digital

finance has a greater marginal impact on haze pollution

reduction. Moreover, cities north of the Qinling-Huaihe Line,

those with better Internet infrastructure, and those with higher

levels of traditional financial development all benefit more from

digital finance. The regression results show that for cities with

light and very heavy haze pollution, the positive effect of digital

finance is limited.

Our findings have important policy implications. First,

our study provides evidence that digital finance can reduce

haze pollution. As a result, it is critical to encourage

the development of digital finance and further exploit its

environmental benefits. Governments could further extend

these experiences to more countries and regions to exploit

their environmental-friendly benefits by improving policies

connected to the digital finance and technology finance.

Second, using digital finance to cut down on haze pollution

depends on technological innovation, industrial upgrading,

and green development. Thus, it is necessary to strengthen

investment in technological innovation, promote high-tech

industries, and achieve sustainable development. Possible

measures include actively introducing new green industries,

extending the industrial innovation chain, and strengthening

pollution control. Third, to reduce haze pollution, it is

vital for some cities with weak Internet infrastructure and

financial foundations to speed up the building of Internet

infrastructure and boost local financial development by

introducing digital finance.

There are some limitations to our study that have

implications for future research. First, although we explore some

mechanisms by which digital finance affects haze pollution,

other mechanisms are still preferable to be further added, such

as green consumption and production. Second, because the

research perspective of this paper is macro-level, micro-evidence

is lacking. It would be interesting to look into the impact of

digital finance on micro-individual green behavior at the firm

and resident levels. At last, the paper’s DFI is based on data from

Ant Financial and Alipay. Therefore, these indexes lack evidence

from other digital finance tools and digital finance platforms,

such as WeChat Pay and Jingdong Finance. In the future, with

a better digital finance index, some inspiring conclusions might

be drawn.
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The current study tries to summarize the leading factors and their behavior

toward the environmental quality. Therefore, this study investigates the

environment-development linkage in China’s economy covering the period

of 1984–2018. In order to investigate the proposed objectives, the current

study uses the dynamic ordinary least square, fully modified ordinary least

square and canonical co-integration regressionwith granger causality test. The

results reveal that there exists an inverted U-shaped relationship in China’s

economy. Likewise, urbanization positively contributes to environmental

deterioration. Furthermore, the health expenditures also cause to deteriorate

the environmental quality. In contrast, there exists the negative association

between good governance and carbon emissions, while the rule of law

in China’s economy does not secure the environmental quality. Therefore,

environmental regulation policies need to be revised in order to achieve a

sustainable environment. As a result, we recommend that China continue to

expand its economy and invest in health care and environmental initiatives.

KEYWORDS

health expenditures, governance, income, rule of law, China

Introduction

Humanity is facing a worldwide environmental challenge in the form of global

warming (1). China, both the largest developing country and the country that emits

the most carbon into the atmosphere, has pledged to take various significant steps to

decrease the effects of climate change. Specifically, during the climate change conference

in Paris in November 2015, China proclaimed that she would reach her peak carbon

discharge level around the year 2030 and strive to achieve this peak earlier rather

than later (2). If the path chosen to reach that goal is appropriate, achieving this

goal will not negatively impact China’s fiscal or social development. This is because
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China’s goal is to become a developed nation by 2020 (3).

Instead, achieving the goal will encourage a shift in China’s

pattern of economic development toward green growth and

low carbon emissions (4). That is why China is considered the

world’s largest emitter of carbon dioxide (5). Reducing carbon

emissions at the provincial level is crucial for China to achieve

its goal in terms of policy, scenario, and city. Through private

voluntary actions, non-governmental organizations, and top-

down management, China has been an active participant in

worldwide climate governance efforts to combat climate change

(6). There have been clear impacts on China’s overall CO2

discharges as a result of the dramatic changes that occurred in

the structure of the Chinese economy in newly emerging sectors.

Since the 1970’s, there has been a significant amount of

interest from researchers and practitioners in the field of

research regarding the associations between environmental

excellence and economic development. A steady-state economy

is advocated for in the book “Limits to Growth” to prevent

environmental destruction in the upcoming period. Over the

last decade, the economies of many developing nations have

experienced rapid expansion (7). Since it first implemented its

policy of reform and opening to the outside world in 1978,

China, one of the largest developing countries, has gone through

a period of rapid change. China’s GDP grew at the rate of

9.7 percent per year over the course of the last 20 years,

propelling the country into the top 10 list of the world’s largest

economies (8). However, this rapid expansion has resulted

in the depletion of significant amounts of resources and an

increase in the amount of pollution produced. The emission

of excessive amounts of greenhouse gases has accelerated the

degradation of the environment and the progression of climate

change, which constitutes a risk to the wellbeing of humans and

the stability of the global community. The negative effects of

carbon secretions on health can generally be broken down into

two main categories. First, breathing in high concentrations of

carbon dioxide can cause direct damage to a person’s respiratory

system, leading to shortness of breath, headaches, and even

delirium (9). The second way is more covert and is associated

with the changing climate. A steady increase in carbon emissions

will, on the one hand, bring about global warming, bring about

changes in the amount of precipitation and the pattern of

precipitation, and bring about increase the frequency of extreme

weather. In 2018, high temperatures and heatwaves affected 157

million people worldwide (10). Experiments in the medical field

suggest that exposure to high temperatures for extended periods

raises the risk of developing respiratory and cardiovascular

diseases (9). The unpredictable results of extreme weather, such

as drought, floods, and storms, can also be brought about by

these natural phenomena. On the other side, global warming will

worsen air pollution and speed up the spread of diseases, which

will indirectly threaten human health. According to projections

made by the WHO, climate change will be directly responsible

for approximately 250,000 deaths per year between the years

2030 and 2050 (11). As a result, institutions can improve their

performance to secure the environment better and its potentially

harmful impact on human beings.

Institutional factors in environmental pollution have

become more prominent in recent years. Institutions have the

potential to either directly or indirectly affect the quality of

the environment through the implementation of policies and

regulations. The body of existing research uses many different

stand-ins to evaluate the quality of institutions. As far as

governance structures go, corruption and the rule of law are

important indicators. These pillars of governance are just two

of many that make up a governance structure (12, 13). When

it comes to the formulation and execution of environmental

policies, having an institutional system that is functional and

objective is of the utmost importance. A stable and strong

government can formulate an efficient environmental strategy

with a culture free of corruption; a country with a strict rule of

law can then impose the strategy. On the other hand, companies

violate pollution control protocols to achieve maximum revenue

if there are flaws in the system and weak institutions (14). In

addition, strong institutions cut pollution on the home front

and have the potential to spread the effect to countries adjacent

to the United States through a phenomenon known as the

spatial institutional spillover effect (15). During the process of

economic expansion, the contribution of institutions that are

both objective and efficient to the reduction of environmental

pollution is invaluable (16, 17). On the other hand, weak

institutes, which are regarded as the primary cause of the

low profits, are the primary impediments to the formulation

and regulation of environmental strategies, the adoption of

environmentally friendly technologies, and the development

of an advanced energy structure (18). Because of this, having

strong institutions in a country is necessary and extremely

important in order to control the amount of environmental

pollution. There is a close connection between monetary growth

and the excellence of the surrounding environment. In the

past 10 years, a significant amount of research has been

conducted in China on the country’s severe environmental

deterioration and the various approaches that have been

taken to address it. But only a small number of real-world

empirical studies have used environmental Kuznets curve

(ENVIRONMENT KUZNETS CURVE) analysis to examine

the relationship between rising economic activity and various

pollution indicators in China. Decomposition analysis of

ENVIRONMENT KUZNETS CURVE is used to investigate the

causal relationship between economic development and the

main pollutants. With the help of a case study from China, the

author hopes to shed some light on the difficulties of balancing

economic growth with environmental protection.

The level of income is shown to have a significant impact

on the relationship between institutions and environmental

pollution, according to evidence that is both empirical

and theoretical. According to Yu and Wang (6), countries
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with higher quality institutions are better able to reduce

environmental pollution effectively. This study aims to study the

link between income level and institutional factors. In terms of

originality, this would be the first study to include three separate

institutional variables and examine the impact that each of those

variables has on carbon emissions in China.

The assessments of the impacts of emissions in China are

still lacking, although the country’s contributions to overall

emissions are growing, and the associated health risks are rising.

There is a lack of accurate estimations of emissions in China,

which is one of the reasons for the limited understanding of

the impacts of emissions. Previous studies have taken data from

global inventories and extracted China’s emissions from there

(15, 19). In more recent times, emissions calculations have

been based on economic factors and the amount of energy

consumed (20). Consequently, it was estimated that emissions

from solid fuels would have a significant impact (21). The

absence of a reliable method for quantifying the health impact

specifically caused by emissions is another factor contributing

to the inconsistency of previous research. Previous studies

assumed no difference in the risk associated with an increase

in concentration when calculating the number of premature

deaths caused by exposure to various PM components (22, 23).

It is necessary, as a result, to develop a comprehensive emission

inventory in China in order to conduct an analysis of the

impact on health expenditures caused by emissions. Likewise,

a case study of China provinces tried to investigate the role of

governance in low carbon emissions. They demonstrated that

local government relay on strong financial support. Likewise, the

industrial transformation strongly based on green governance.

The impact of green governance pear effect decreases due

to rising geographical distance. Moreover, this study tries to

focus on different regions of China i.e., eastern, western, and

central regions and found the diminishing impact of green

governance peer effects. The outcomes of the study are very

ambiguous and it is need of time to select some clear indicators

to minimize the environmental damages. Therefore, this study

has made an effort to clear such ambiguous behavior of

variables and straightforward policy implications for sustainable

environment. Therefore, this study tries to investigate the

important role of governance and rule of law to check out

their response to carbon emissions, because rule of law and

good governance are being considered the extremely supportive

instruments to minimize the negative externalities as a result

of economic development. Moreover, without any base theory

the empirical study may produce misleading outcomes; so, the

current study also tries to investigate the role of governance

and rule of law under the prism of Environment Kuznets Curve

hypothesis. This is a new contribution of the current study

to existing literature that the main target of each economy

(economic development) how behaves with environment level.

Similarly, the urbanization and health expenditures are also

directly linked with environmental degradation. Therefore, this

is another significant contribution by this study to existing

literature and tries to explain the behavior of urbanization and

health expenditure to environmental deterioration. Finally, in

order to investigate such interesting contributions to existing

literature, this study uses a series of econometric techniques for

the robust outcomes in which the FMOLS, DOLS, and CCR

regressions. In addition, the Granger causality test was utilized

in this investigation to investigate the causal association between

the variables that were of concern.

Similarly, this study organized as follows, section 2 describes

the literature on previous studies, section 3 presents the data and

methods, section 4 shows the results and discussion and section

5 describes the conclusion and policy recommendations.

Literature review

The health-environment nexus

It is critical to have a solid understanding of this health

effect because it may provide extra information that can be used

to advance the consistency and effectiveness of environmental

policies andmedical care. The literature contains a large number

of studies (24) that investigate the correlation between people’s

health and the quality of their surrounding environment;

though, the majority of the studies that have been conducted to

date have concentrated on the environmental risks posed by air

pollutants (such as PM2.5 and sulfur dioxide, amongst others)

(25, 26). Emissions of carbon, which make up a significant

portion of greenhouse gases, are likely to be the source of

health issues. Despite this, there hasn’t been a lot of research

done on the link between the health of locals and carbon

emissions, and most of it has focused on medical topics.

Emissions of carbon have a direct and negative impact on the

ability of humans to function physically. In addition, exposure

to high concentrations of CO2 can result in symptoms such

as headache, dizziness, fatigue, weakness, and distraction (27,

28). Ehigiamusoe et al. (25) found that employees working

in low-carbon offices had higher cognitive function scores.

They also found that even a little quantity of carbon dioxide

could impair a person’s decision-making ability. Additionally,

qualifying as a “villain” of global warming and climate change

is carbon dioxide. People who live in environments where the

temperature remains consistently high have an increased risk

of developing diseases that affect the nervous, cardiovascular,

digestive, and respiratory systems (29, 30). Both food production

and food security are in danger as a result of global warming.

It is possible that higher temperatures, which create a more

favorable environment for growth and reproduction, will lead

to an increase in the number of infectious pathogens as well as

insect vectors, which will hasten the spread of infectious diseases

like malaria and dengue fever (31, 32). However, identifying

this process is very challenging. It is only possible to get a
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rough estimate based on how frequently and for how long

the atmospheric homeostasis occurs. In addition, there is the

possibility that climate change will bring about a multitude of

risks in the form of climate migration, increased poverty levels,

violent conflicts, and mental illness (5, 33). As a result, emissions

of carbon dioxide are not only a problem for the environment

but also for the health and happiness of people. It’s possible that

lowering carbon emissions will lead to significant improvements

in occupants’ health (34).

Research on the link between carbon emissions and locals’

health has also been conducted in atmospheric science and

geography science, whereas economics research has been

conducted less frequently. According to the findings of an

investigation that (35) carried out using a global, regional

model, CO2 significantly worsens the levels of ozone and other

particulate matter in areas already polluted. It is estimated that

carbon emissions are responsible for ∼21,600 deaths per year

across the globe. Hu et al. (10) utilized global atmospheric model

simulations and concluded that a reduction in global greenhouse

gas emissions has the potential to lower the average death rate

effectively. Panel data from (36) showed that rising healthcare

costs are linked to carbon emissions, harming residents’ health.

They also found that carbon emissions are harmful to the

health of residents (37) utilized quasi-natural experiments and

demonstrated that the continuous discharge of greenhouse gases

is to blame for the rising infant mortality rate that has been

observed in the United States. Researchers in Malaysia (38),

Pakistan (39), and other countries in Sub-Saharan Africa found

a link between carbon emissions and medical spending that

was statistically significant (40, 41). Furthermore, researchers

frequently use the autoregressive distributed lagged (ARDL)

model (42). On the other hand, the research presented above

merely incorporated a nation or a region into the framework of

the analysis; more specifically, it did not consider the diversity of

regional economic development. According to earlier empirical

research, it is common knowledge that an increase in the rate

of global warming caused by a higher concentration of CO2 in

the atmosphere poses a threat to both humans and ecologies.

However, the methods from atmospheric science, geography,

and medicine were typically applied in this literature; only a

few studies considered an econometric panel analysis. More

importantly, not even a single other study has found anything

remotely similar to what this one has.

The environmental
regulations-environment nexus

Numerous researchers have investigated the connection

between CO2 discharges and various other factors in light of the

growing severity of the effects of global warming. The majority

of researchers concentrated their attention on determining

the connection between environmental regulations and carbon

emissions (43, 44). Sinn first put forward the idea of the “green

paradox” in 1998. According to this theory, environmental

regulatory policies designed to reduce carbon emissions will

result in a significant increase in carbon emissions. For instance,

Hermundsdottir and Aspelund (45) discovered that the green

development plans implemented in South Korea resulted in

significant emissions of greenhouse gases. In addition to this,

It was found by Nasir et al. (46) that green policies can

lead countries without strict environmental regulations to

increase their use of fossil fuels, thereby increasing global

CO2 emissions. Salari et al. (47) was found to be the case

when countries increased their use of fossil fuels in response

to the implementation of environmental policies (such as

subsidies or taxes). On the other hand, a number of researchers

have discovered that environmental regulation can successfully

reduce CO2 emissions (38, 48). Jinru et al. (49), the most recent

study before the Chinese one, suggested that environmental

regulation could negatively affect the environment for economic

regions that are already environmentally depressed. According

to Anser et al. (50), environmental regulation has a direct

effect on carbon emissions, and the effect has shifted from

the “green paradox” to “the reverse of pollution reduction.”

This suggests that the effect has a negative correlation with

pollution reduction. According to Sulich and Sołoducho-

Pelc (51), regional differences can lead to different effects

of environmental regulation, and increase in the intensity of

environmental regulation will lead to an increase in carbon

emissions in some regions. This was another point brought up

in their study. As a result, a number of researchers concluded

that environmental regulations and carbon emissions have a

significant relationship that resembles an inverted “U” curve.

That is to say, the effect known as the “green paradox” appears

before the inflection point, whereas the effect known as the

“reverse of emission reduction” appears after the inflection point

(52, 53). The majority of these studies disregarded the possibility

that one regional environmental regulation might affect another

regional environmental regulation, which in turn might affect

carbon emissions. The majority of the currently available studies

focus on the influence that environmental governance has on

its interaction with environmental regulation. Those cities that

prioritize protection of the environment are more vulnerable to

the effects of less stringent environmental regulations in their

neighboring cities, according to the research results of (54). It

has been suggested that regional competition could significantly

decrease haze control’s effectiveness Irani and Kilic (55). While

this may be the case (56) found that regulatory governance

has a major strategic interaction between regions that positively

affects environmental governance. A more effective approach to

environmental management may result from this interaction.

In conclusion, a significant amount of research has been

carried out by a number of academics on the interactive

behaviors of environmental regulation; however, there are

Frontiers in PublicHealth 04 frontiersin.org

392

https://doi.org/10.3389/fpubh.2022.949729
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2022.949729

not many studies that discuss the impact that environmental

regulatory connections have on carbon emissions. In most of

the research that has been done, the influence of environmental

regulation on carbon emissions has been examined in the

context of individual local governments. This approach,

however, ignores other significant factors that will also affect the

level of emissions. Will it affect CO2 emissions, and if so, what

is the mechanism by which it will have that effect? The existing

body of research does not provide a satisfactory answer to these

questions. In order to investigate the effect that environmental

regulatory interactions have on CO2 emissions, the data for the

time series are taken from 1984 up until 2018.

The governance-environment nexus

Not only do economic considerations play a role in the

successful improvement of environment quality (EQ), but

policymakers and other decision-makers in government also

provide important parameters. This is because environmental

governance falls under the purview of the government.

According to Brunner, The “innovation compensation effect,”

as proposed by Gupta et al. (57), could lead to an increase

in environmentally friendly technology manufacturing in

other countries as a result of government regulation of

the environment. This would have a positive effect on the

environment as a whole. Central government officials are in

charge of environmental protection in China’s environmental

governance system, while local governments play a key role

in achieving environmental protection goals at the local

level (58, 59). The Environmental Protection Law makes it

abundantly clear that the responsibility for the quality of the

environment in each of the respective administrative regions

lies with the respective local governments. In the end, the

economy of the area and its quality of life are impacted

by factors such as the behavior, power, and governance

experience of officials in the local government (60). Based

on information gathered from the various industries and

provinces in China, concluded that governmental spending

on environmental protection has a substantial impact on the

reduction of pollution.

When working to improve environmental governance, it

is important not to discount public participation’s influence.

Participation from the public is essential for maintaining

flexibility when resolving environmental issues (ref). This helps

decision-makers increase their knowledge and competence,

which prompts them to distinguish public concerns and

demands (61). According to Wang et al. (62), the public

should have the right to ’vote with their feet and select

public services that are in accordance with the preferences

that the public has (63) believed that ENGOs play an

important role in indorsing EQ and changing individual

behaviors and living styles. They considered ENGOs to be

a part of public participation. In a series of case studies

conducted in Indonesia (64), discovered that the step taken by

residents and environmental non-governmental organizations

(ENGOs) had the potential to improve the quality of the

environmental. This paper and Dudek and Spiewak (65) both

analyze the impact on regional environmental quality from

government governance and public participation. However,

Irani and Kilic (54) only focused on characterizing government

environmental governance from the implementation of local

government environmental responsibility goals, and they

neglected the combined effect that public participation has on

government governance. This paper analyses the impact on

regional environmental quality from the perspectives of public

participation and government governance. In conclusion (66)

held that public demands help improve the effectiveness of

environmental governance while also contributing to a limited

decrease in the amount of energy consumed.

The perception of how well a society adheres to the law,

particularly in policy and regulation enforcement, is one of the

factors that contribute to the rule of law (67, 68). The rule of

law is an important component of any institution, and it is

instrumental in putting environmental policies into effect. A

robust rule of law helps ensure that policies are implemented

as intended and compels businesses to adhere to environmental

policy guidelines. A robust rule of law contributes to reducing

carbon emissions by ensuring that businesses adhere to the

established guidelines for pollution control (69). The research

conducted by Alam et al. (70) discovered that having a

robust rule of law contributes to reducing carbon emissions

and stimulating economic growth. However, Iqbal et al. (71)

concluded that democracies and the rule of law both contribute

to an increase in CO2 emissions, whereas political stability and

the control of corruption both contribute to a decrease. Khurana

et al. (72) provides further evidence that the rule of law has a

harmful effect on the environment. In the previous research that

has been published, academics have presented in-depth analyses

of the definition of emotional intelligence (EQ) and the primary

factors that contribute to its enhancement. These studies have

served as an important reference for this research. The previous

research does, unfortunately, suffer from several deficiencies.

Even though some earlier research focused on the effect of

environmental governance on EQ (such as environmental

legislation, enforcement of the environment, and environmental

investment), the majority of studies only examined one of these

aspects. It did not combine them for a comparative health study

with other socio-economic factors. This will almost certainly

be detrimental to elucidating the full role that the government

plays in China’s system for the governance of the environment.

In a similar vein, previous research has not investigated the

ENVIRONMENT KUZNETS CURVE phenomenon under such

governance factors. A better understanding of the link between

good governance and environmental quality is less likely to

emerge as incomes rise.
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Data and methods

Theoretical background

Researchers have dedicated a significant amount of time

and energy to analyzing the relationship between rising

economic activity and carbon emissions (73) explained the

link using the ENVIRONMENT KUZNETS CURVE model,

which depicts the relationship as an inverted U-shaped curve.

According to this model, when a country is in its early

stages of development, its primary focus is on industrialization

in order to achieve higher economic growth. However, at

this stage, the country does not pay sufficient attention to

environmental concerns, which leads to an increase in pollution.

However, once they have reached a significant level of income,

economies begin to place their primary focus on reducing

carbon emissions through the implementation of cutting-edge

technologies as well as stringent environmental policies and

regulations (74).

In response to the growing severity of environmental

pollution issues, the central government of China has

clarified the environmental protection responsibilities of local

governments through the enactment of laws and regulations.

The exercise of environmental governance can be carried out in

various ways by local governments, including the promulgation

of regulations and environmental laws, the strengthening

of law enforcement, and the increase in investment. The

primary means by which local governments in China carry

out their environmental governance responsibilities are

environmental law enforcement, environmental legislation, and

environmental investment. This is a conclusion that can be

drawn from examining the environmental protection policies

and procedures currently in place in China (75).

We are operating under the presumption that the intangible

role played by temperature cannot be ignored, in addition

to the direct impact that CO2 has on the residents’ health.

Climate change and an increase in temperature are both caused

by carbon emissions. Heatwaves caused by high temperatures

have significantly contributed to an increase in mortality,

respiratory morbidity, and infectious diseases. However, the

state of an individual’s health is notoriously difficult to assess.

In previous research, life expectancy, hospitalization rates for

related diseases, and self-assessed data from micro surveys were

the primary importance measures. Because it causes damage to

the regulatory system, high temperatures may play a mediating

role in the association between carbon emissions and joint health

(76). In addition, because of the effects of global warming,

pathogens and the insects that spread them are provided with

good living and reproductive conditions, which speeds up the

spread of infectious diseases and puts the health of humans

at risk (77). As a result, high temperatures may serve as an

important intermediary in the relationship between carbon

emissions and the health of residents.

TABLE 1 Description of variables.

Variable Unit Source

CO2 Carbon emissions (Kt) WDI

GDPC Economic development (GDP US current $/Population) WDI

URB Urbanization (% of the total population) WDI

HE Health expenditures (per capita in US $) WDI

RL The rule of law index ICRJ

GOV Governance index WGI

Data type and sources

For this study, annual data on the Chinese economy were

collected from 1984 through 2018. The World Bank and the

World Bank Institute were the primary data sources. The

beginning of the study is timed to coincide with China’s more

recent period of economic expansion, which began in the 20th

century. In addition, the sample period was chosen based on the

availability of data. It is possible to consider it as a representative

of the region as a whole, including the countries that originate

from China. In addition, the data description can be found in

Table 1, which can be found below. In addition, the trend graphs

of the variables that were chosen are presented in Figure 1.

Model specification

Our investigation is predicated on a well-known conceptual

framework known as the Environmental Kuznets Curve,

or ENVIRONMENT KUZNETS CURVE. This framework

was first proposed by Kuznets (73). By reading the work

of (15, 78) and adding urbanization, health expenditures,

governance, and the rule of law to the KEC model, we

can make the model more comprehensive. The following

outlines our extended ENVIRONMENT KUZNETS

CURVE model:

CO2 = f(GDPCβ1, S− GDPCβ2, URBβ3, HEβ4, GOVβ5,

RLβ6, eµ (1)

By taking its natural log on both sides,

Lco2 = β0 + β1LGDPC+ β2LGDPC
2 + β3LURB+ β4LHE

+ β5GOV+ β6RL+ µ (2)

Whereas, LCO2, LGDPC, LS-GDPC, LURB, LHE, GOV, and RL

are all abbreviations for the natural log of carbon emissions,

economic development and its square, urbanization, and health

expenditures, respectively. In a similar fashion, the indexes of the

rule of law and governance are abbreviated as GOV and RL.
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FIGURE 1

Trend graph.

Estimation strategy

Priori tests

As part of the a priori analysis, the unit root test is performed

so that the series integration order can be determined. We

combine the Zivot unit root test with Augmented Dickey-Fuller

(ADF) test given by Kao (79). An important advantage of

the Zivot unit root test over traditional approaches is that it

considers break dates, which are known to affect the accuracy of

traditional tests. The Zivot analysis resulted in discovering the
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cutoff dates for each of the variables by following these steps.

Cointegration evidence, as demonstrated by the co-integration

test developed by Johansen (80), is also necessary in order

to investigate the long-run relationship between variables in

light of the a priori investigation. Because of this, additional

co-integration tests using FMOLS, DOLS, and the Canonical

Cointegrating Regression (CCR) techniques are being carried

out as a result. After that, the ARDL method is used to look at

the short- and long-term effects.

Cointegration test

The co-integration test compares multiple time series

datasets that use a linear combination of variables to determine

whether or not there are long-term relationships or whether or

not there is long-run equilibrium. The Johansen co-integration

test is used in this investigation to determine whether or not the

relationship between variables can maintain its constancy and

long-term equilibrium by using the next equation:

1Yt = 5t−1 +
p−1
∑

i=1

Ŵyt− 1+ Bxt + µt (3)

According to the equation that was just presented, it is a

determinant of the adjusted disequilibrium matrix. The rate of

change of endogenous factors is sped up to fight disequilibrium,

which causes the stacking coefficient to be increased. When

attempting to capture the short-term dynamic adjustment, the

sign is utilized. This test progression has the potential to declare

the association between variables and the positions they hold in

the matrix, as well as featuring roots.

The FMOLS, DOLS, and CCR

This study utilized a fully modified ordinary least square

(FMOLS) and dynamic ordinary least square (DOLS) as

estimation techniques. Pedroni (81) initially developed FMOLS

regression technique which is a residual-based test which

provides efficient results for cointegrated variables. Moreover,

FMOLS is considered as a reliable estimate when the sample

size is small and eliminate the problems of endogeneity and

serial correlation among the variables. Stock and Watson (82)

developed a DOLS estimation in 1993. DOLS provide better

results than FMOLS and eliminate correlation among regressors

(83). We also employed canonical cointegrating regression

(CCR) estimation as a robust estimation to validate the results

of FMOLS and DOLS. Where we first employed a unit root

test to check the stationarity of data used in this study. In

the second step, we employed the cointegration test to check

whether variables are associated in a long run or not. In the third

step, we employed FMOLS (fully modified ordinary least square)

and DOLS (dynamic ordinary least square test to analyze the

impact of different determinants on electricity consumption. In

the last step, we employed Granger Causality as a robust test to

explore the causal relationships between different variables.

This study makes use of the DOLS estimator, in addition

to the benefits offered by the FMOLS estimator (81). It is

recommended to use the estimators rather than the OLS

because the estimators use the lags and leads of first-differenced

regressors, which allows them to account for a small sample bias.

Xt = xt−1 + εt (4)

Such that xt (rinvest, renp, gdp, and gdpsq) of parameter vector

β for all xt such that t = 1984, 1985, . . . , 2018 and ε t is the

error terms.

Thus, the FMOLS is expressed as follows,

BFMOLS =
{

∑ ∑T

t=1

(

Xt− X− bar
)

(Xt− X− bar)

}−1

×
{

∑ ∑T

t=1

(

Xt− X− bar
)

(ECEM− bar− T 1 ∈ µ)

}

(5)

For this reason, the DOLS estimator is a useful addition to

co-integrating regression.

ECEMt = α + βXt

∑p2

k= −p1
ň K1ECEM t− k

+
∑q2

k= −q1
ň K1x t− k+ µt (6)

Three vectors represent the dependent and independent

variables, respectively: a co-integrating vector (), a dynamic

vector (), and an intercept (). In addition, the CCR estimator

is used.

Robustness and diagnostic tests

To confirm the precision of the estimation results, a

battery of diagnostic procedures is carried out. Some previous

tests demonstrates that there is statistical proof to support

the hypothesis that the estimated model follows a normal

distribution, free of concerns regarding serial correlation

and heteroskedasticity.

Granger causality test

The Granger causality test estimated by the

following equation:

Xt = α0 +
∑k

j=1
α1sXt− s+

∑k

j=1
α2sXt−m+ ε1t (7)

Yt = β0 +
∑k

j=1
β1sXt− j+

∑k

j=1
β2sXt− h+ ε1t (8)

According to the above equation, it is supposed that 1t and 2t are

uncorrelated. The equation shows the unidirectional causality

between fatal and work accidents and four specific causes. If the

estimated coefficient α2i is statistically significant, then if α2i
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TABLE 2 Descriptive statistics.

LCO2 LGDPC LURB LHE GOV RL

Mean 0.6374 0.7189 0.4132 3.9854 0.3657 0.9612

Median 0.5932 0.6547 0.3574 1.6541 0.3198 0.8823

Maximum 1.8562 1.5236 0.8956 2.9654 0.8574 1.2351

Min. 0.0023 0.6321 0.0142 0.6321 0.2314 0.8541

St. Dev. 0.3930 0.3285 0.5214 0.3041 0.1842 0.9630

TABLE 3 Pairwise correlation test.

LCO2 LGDPC LURB LHE GOV RL

LCO2 1

LGDPC 0.6321* 1

LURB 0.7186** 0.7456* 1

LHE 0.5687* 0.6523** 0.6854* 1

GOV −0.3546** 0.6921* 0.5632** 0.4523* 1

RL 0.2341* 0.4521** −0.2347** 0.6158** 0.4598*

*Significance at 1%.

6= 0, then Y Granger results in X. β2h. It is only statistically

significant when the correlation coefficient between the two

variables is greater than zero, i.e., β2h 6= 0 is statistically

significant. Two specific variables are linked by the significance

of 2i and 2h. If α2i and aβ2h are both zero, the terms Y and X

will be independent.

Results and discussion

A descriptive investigation of the variables is presented

in Table 1. The least unpredictable variables are those dealing

with governance and regulations. The volatility of health

expenditures is higher than that of urbanization, economic

development, and emissions, but the volatility of CO2 is lower

than that of FDI. In addition, there is not a sizable gap

between the values of the selected variables’ mean and median

distributions (Table 2).

Table 3’s correlation matrix indicates that, at the 1% level

of significance, the income per capita has a positive correlation

with carbon emissions. At the same time, urbanization has a

positive correlation with the variable that is being explained,

and this correlation is significant at the 1% level. In addition,

a positive correlation can be found between emissions and the

expenditures for health care and the rule of law. On the other

hand, governance has been shown to have a negative correlation

with carbon emissions at a significant level of 5%.

TABLE 4 Unit root tests.

Variable ADF Zivot unit root

Level1st difference Level Break1st differenceBreak

LCO2 1.7423 −3.6952* −2.6542** 1997 −5.5621* 2008

LGDPC 2.9632 −7.6521* −3.8574* 2002 −6.9654* 2009

LURB 1.8541 −4.3215** −3.8521* 1999 −9.5287* 2007

LHE 2.9854 −5.2387* −4.6543* 2000 −7.6549* 2012

Gov. 1.8542 −3.8541* −3.9654* 1998 −5.6387* 2006

RL 1.9632 −5.6381* −4.6512* 2003 −7.1496* 2010

*Significance at 1%.

TABLE 5 VAR lag order selection criteria.

Lag AIC SC HQ

0 3.9546 2.0006 1.9654

1 1.5287 3.5694 2.0012

2 −3.8452* 1.8524 −0.0863

3 −2.6354 −3.6524* −0.9632*

*Significance at 1%.

Unit root test

The outcomes of the unit root test are presented in Table 4,

and the unit root tests ADF and Divot are utilized in this

investigation. According to the outcomes that were determined

by the ADF unit root test, this test demonstrates that there is

no co-integration at level for any of the variables, whereas the

data becomes stationary after the first difference. In addition

to that, the structural Divot unit root test is utilized in order

to investigate the expected breaks in the data that is provided.

Similarly, the structural break in emissions occurs at the level of

2002 and at the first difference in 2008, respectively. Similarly,

the structural break for each variable can be seen in Table 4,

which presents the data.

On the basis of the VAR lag order selection criteria, lag

three is selected for work accidents by the Akaike information

criterion (AIC), the Schwarz information standard (SC), and

the Hannan–Quinn information criterion (HQ), whereas in fatal

accidents, AIC and HQ selected lag three as an appropriate lag

while SC selected lag 0 as an appropriate lag (Table 5).

Table 6 contains the results of the Johansen co-integration

test, which is used to examine whether or not there is a long-

term connection between the variables. The findings are broken

down into two sections: the Johansen trace test, on the one

hand, and the maximum eigenvalue, on the other. According to

the findings, the variables are co-integrated with a R0 value of

296.524 for trace and a critical value of 173.65 at a significance

level of 1%. The maximum eigenvalue for none has a value of

121.963, and the critical value for none is 70.631; both of these

values are significant at the 1 percent level, respectively. The
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TABLE 6 Trace and eigen value test.

Trace value 0.05 Critical value Prob.

Trace statistics

R0 296.524 173.654 0.000

R1 230.874 156.389 0.000

R2 170.962 96.234 0.005

R3 56.964 33.524 0.000

Maximum eigen value

R0 121.963 70.631 0.000

R1 70.358 56.324 0.000

R2 32.6354 47.265 0.980

R3 14.875 28.342 0.635

findings of the co-integration analysis provided evidence of a

long-term connection between the variables that were examined.

Long-run outcomes of FMOLS, DOLS and
CCR estimators

In this study, an attempt is made to investigate the

long-term effects on the environmental quality of factors

such as income, its square, urbanization, health expenditures,

governance, and environmental regulations. In order to

achieve this aim, the present investigation uses a number

of different econometric methods (Table 7). These methods

illustrate the fascinating connections between the variables

being explained and those that are being explained. As a

result, the income per capita and its square are being used

as the first determinant of environmental degradation in

the investigation of the ENVIRONMENT KUZNETS CURVE

hypothesis. The quadratic term of per capita income, also

known as the gross domestic product (GDP), is introduced for

understanding ENVIRONMENT KUZNETS CURVE. For MS-

ECM and FMOLS, the coefficient of LGDP (1 > 0) and LGDP2

(2 0) advocated that a 1 percent rise in this factor leads to

an increase of 0.163 percent in emission, while the square of

the per capita income causes a decrease equivalent to 0.565

percent in an explained variable. This was the case because the

coefficient of LGDP (1 > 0) and LGDP2 (2 0) were advocated.

The ENVIRONMENT KUZNETS CURVE hypothesis of an

inverse U-shaped relationship is supported by these findings

for China’s economy. According to the ENVIRONMENT

KUZNETS CURVE hypothesis, the increase in ED during

industrialization is caused by an increase in income per capita.

To put it more specifically, industrialization necessitates the

extensive consumption of various energy sources, which in

turn results in ED. When a nation reaches a certain level

of economic development, it enters a phase known as post-

industrialization (84). During this time, the nation’s emissions

decrease as a result of changes in its economic structure as well

as more stringent environmental protection laws and protocols

(85, 86). The process of industrialization and economic growth

frequently results in a significant increase in the amount of

cheap energy and natural resources that developing economies

consume. They build enormous infrastructures in order to

stimulate economic growth, which necessitates the consumption

of a wide variety of energy sources and, as a result, results

in ED (87). China is a leading example of a country that

has reported adequate economic growth. If China had focused

on pollution during the early stages of its development, it

would not have been able to achieve the level of economic

growth that it has seen. The economic model of China, which

is being followed by many other developing nations, relies

heavily on the consumption of energy and places an intense

emphasis on industrialization and investment. These countries

prioritize achieving their goals of economic expansion and

energy independence over protecting the environment (88).

In addition, our findings are consistent with the research that

is already published, such as a study that was conducted in

31 provinces in China (37), a study that was conducted in

the United States of America that also supports the frequency

of inverted u-shaped ENVIRONMENT KUZNETS CURVE

(12), and a study that suggests the same results as Shahbaz

et al. (2019), the study of Shah et al., (85), a case study that

was conducted by Fu et al. (89), Shah et al. (87) and Shah

et al. (85).

In light of the fact that URB was found to have a positive

association with carbon emissions, it can be deduced that a

one percent increase in this factor would lead to an increase in

emissions of 3.698, 5.036, and 4.254% respectively in accordance

with the requirements of FMOLS, DOLS, and CCR. This

demonstrated a direct connection between CE and URB over

a longer time period; however, unplanned URB may lead to

the devastation of the environment on Earth. To put it another

way, people move to urban areas in the expectation of having

a better and more promising future there. However, if this

procedure is not carefully planned, urban areas will not be

able to accommodate the large number of people moving

in from rural areas. This puts strain on a variety of urban

amenities, including sanitation, and sewerage systems, which

in turn contributes to the deterioration of the surrounding

environment. In addition, as a result of the massive flood of

people and the unplanned housing societies, there has been

observed an increasing drift of deforestation, which has further

contributed to the deterioration of the situation (90). There

is also evidence for an inverse relationship between the CE

and URB nexus in Nigeria’s economy, according to Kaleem

Khan et al. (91). This was found in their research on the

Nigerian economy. According to Camana et al. (92)’s research,

urbanization can lead to an increase in CE in the context of a

developing economy like Pakistan. Therefore, it is imperative

that developing economies place their attention on urbanization
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TABLE 7 Outcomes of FMOLS, DOLS and CCR estimators.

Variable FMOLS DOLS CCR

Coef. Std. error Coef. Std. error Coef. Std. error

LGDPC 3.6954* 1.3651 7.6397* 2.6378 4.6524** 0.8965

LGDPC2 −0.9623* 0.0235 −0.7852* 0.1289 −0.8866 0.2354

LURB 3.6985* 0.8521 5.0365* 1.2352 4.2541* 1.8952

LHE −0.9632* 0.0236 −0.7123** 0.1145 −0.2389* 0.0562

GOV −0.6321* 0.0234 −0.8927* 0.1278 −0.6114 0.1623

RL 0.8932* 0.1145 0.7852* 0.0123 0.8342* 0.1923

*Significance at 1%.

that is sustainable. Also this outcome is in line with findings of

Shah et al. (87).

In addition, the amount spent on healthcare is increasingly

being considered a proxy for the quality of the surrounding

environment. Because it has a negative association with carbon

emissions, we can deduce that carbon emissions are on the rise

while simultaneously health care costs are falling. According

to the calculated coefficients, a positive shock of one percent

that will occur in the health expenditure will cause a decrease

in long-term carbon emissions of 0.963, 0.712, and 0.238%,

respectively. This would be one possible justification. When

it comes to energy efficiency, CO2 emissions, and waste

management, improvements are made in the transportation

and equipment involved in health care systems. If people begin

to view environmental protection as a luxury good, then the

demand for environmental protection will increase after the

demand for the common public good has been met. The

level of the Environmental Kuznets Curve is associated with

the indirect effect; at some level, the government invests in

dipping air pollution, while at some level, the environment is

compromised for the sake of reaching growth (93). The level of

gross domestic product is closely related to energy consumption,

which has a significant impact on the environment (94). Can

et al. (95) discovered a positive association between health

expenditures and CO2 for B&RI countries; our findings, on

the other hand, show that there is no such correlation between

the two variables. Appolloni et al. (96) also provided evidence

that their findings vary depending on the country and level of

analysis. In addition, their methodology did not incorporate a

distinct measurement for the differences between private and

public health expenditures. In addition, our research utilized

the quantile regression method, which was not utilized by any

of the earlier studies referenced in the section of the paper

devoted to the literature review. As a result, this research

provides fresh perspectives on the impact that public and

private health care spending have had on the deterioration

of the environment. In addition to the result that spending

on health care in both the public and private sectors led

to a reduction in the environmental pollution in Asia, This

study also shows that the private health sector has a greater

negative impact on CO2 emissions than the public sector. This

result is based on comparing the two sectors’ expenditures on

healthcare (90).

In a similar vein, sound governance can be an important

factor in preserving the environment. According to the values

that have been given for the coefficient, an inverse association

between governance and carbon emissions can be seen. It

can be deduced from this that an increase of one percent

in good governance would result in a reduction of carbon

emissions of 0.632 percent (FMOLS), 0.892 percent (DOLS),

and 0.611 percent (CCR), respectively. It is possible to

attribute the government’s attitude toward the formulation

and implementation of effective policies that are effective in

controlling the worsening of the environment to the fact that

these policies and regulations have been implemented. There

is a possibility that efficient governance can cut down on the

frittering away of resources. In addition, the government plays

the primary role in the correlation between the implementation

of environmentally friendly policies and the quality of the

environment, but it works to undermine this correlation by

minimizing the purely positive effect that governance has

on CO2 emissions (97). The established economic systems

can exercise control over the illegal activities that contribute

to a decline in the quality of the environment. The term

“transparency” refers to how rules and regulations are adhered

to in such a way that information is made openly available and

can be accessed straightforwardly. As the economy expands,

governments are more likely to impose appropriate regulations

in order to prevent any market failures from leading to an

increase in pollution and as a response to growing public

awareness of the state of the environment. They can implement

environmental regulations with the help of governance, which

in turn helps to reduce CO2 emissions. As a result, decision-

making processes regarding the regulation and administration

of natural resource management and environmental protection

are carried out effectively in these nations. The findings of the

study are in line with what was expected (7). However, the

findings that we obtained from this research are more solid and

trustworthy than others because we utilized estimation strategies

that account for heterogeneity (85).
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TABLE 8 Model stability tests.

Test F-Statistics P-value

Serial correlation test 3.9654 0.119

ARCH test 1.8521 0.954

WHITE test 0.8956 0.741

RAMSAY test 1.2731 0.628

Environmental regulations have a significant impact on

environmental quality. The values presented for the rule of

law suggested that a positive association exists between it and

carbon emission. To put it another way, a strict rule of law tends

to lower carbon emissions across the globe. A robust rule of

law helps ensure the implementation of environmental policies

and compels businesses to adhere to the policy guidelines and

environmental protocols that have been established. The rule

of law is essential for all nations, regardless of their level

of income or level of development, to achieve lower carbon

emissions. As a result, the rule of law in China’s economy

is not robust enough at this stage to adequately control the

level of pollution. In other words, the estimates suggest that

an increase in the number of regulations about climate change

may increase the amount of carbon dioxide emissions produced

by institutions that are of average quality. Such institutions

may be less effective at enforcing the significant number of

new regulations passed recently. A reward and penalty system

should be announced by the governments of China to ensure

that businesses adhere to environmental rules and regulations.

Under this system, the governments should reward firms that

comply with environmental regulations and penalize firms that

violate environmental regulations (90).

Model stability test

According to the given results in Table 8, this study performs

the SERIAL, ARCH, WHITE and RAMSAY tests. According

to the given P-values, there is no serial correlation in the

selected model.

Granger causality test

Although the long-run results produced by certain

econometric techniques produce very interesting results, these

techniques cannot elaborate on the causal effect that each

variable has on its own. As a result, the Granger causality test is

utilized in this investigation to estimate the causal association

that exists between variables. The results are presented in

the Table 9. There was a causal relationship between carbon

emissions and economic development. This explains why any

change in development will cause a deterioration in the quality

of the environment and vice versa. The second finding was

a positive bidirectional causal link operating between health

care costs and carbon emissions. It indicates that increased

health expenditures to finance health infrastructure may

increase carbon emissions because these expenditures involve

activities based on construction. On the other hand, the level of

carbon emissions creates health hazards that may impact public

health and may have an effect on it; this may lead to increased

healthcare costs. With this in mind, Zhang et al. (98) performed

an analysis to determine the carbon footprint of the health

industry in Australia. They discovered that the use of renewable

energy in the health industry in Australia resulted in a decrease

of ∼14% of the industry’s overall carbon footprint. In addition,

there was a causal link that went in both directions between the

urban population and the amount spent on health care. It shed

light on the possibility that increased urbanization might be able

to support more advanced medical facilities, which might lead

to an increase in health care costs.

On the other hand, increased health expenditures might

suggest that the government invest in the health infrastructure.

Better health facilities could encourage people to move from

rural areas to urban ones, beneficial to urbanization. In their

research, Shittu et al. (99) noted that the growing population

in Pakistan contributed significantly to the deterioration of the

environment by raising the level of carbon emissions produced

by the country’s transportation industry. In contrast to the

findings of this study, Khan et al. (91) found, through the use

of the FAIR health database, that an increased agglomeration

of hospitals in urban regions brings about a reduction in

the cost of laboratory testing facilities, which in turn brings

about a reduction in overall health expenditures. In addition,

it was discovered that there is a connection that runs in both

directions between urbanization and economic development.

This is because the two factors that contribute to environmental

degradation are interconnected with each other. In addition,

rapid urbanization has occurred worldwide as a consequence

of improved access to opportunities in the areas of health care,

education, and employment. In the most recent experiment, the

feedback hypothesis between governance and the rule of law was

successfully tested. To put it another way, the policies relating to

RL and governance are cooperating. On the other hand, one-way

causality existed between per capita income and governance,

urbanization and emissions, health expenditures and economic

development, and governance and urbanization.

Conclusion and policy
recommendations

Within the realm of economics, there is a sense of urgency

regarding the repression and mitigation of the effects of

climate change. For instance, the administration, legislators,
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TABLE 9 Granger causality test.

DV Type of granger causality

Short run (lag) Long run

1LCO2 1LGDPC 1LURB 1LHE 1GOV 1RL ECT-1

F-statistics [P-values] t-stat

1LCO2 - 3.67521 [0.000] 1.2598 [0.093] 3.24781 [0.005] 1.79524 [0.0911] 1.27694 [0.723] −0.8963 [-2.8238]

1LGDPC 7.31472 [0.000] - 3.46871 [0.000] 1.42603 [0.5611] 4.72093 [0.004] 1.97569 [0.363] −0.13935 [-1.2612]

1LURB 4.1456 [0.000] 5.08139 [0.000] - 2.93131 [0.003] 3.96547 [0.128] 0.32564 [0.355] −0.37560 [-2.3815]

1LHE 4.3544 [0.000] 3.03278 [0.002] 5.52340 [0.000] - 0.67769 [0.129] 0.18430 [0.259] 0.92819 [ 0.6178]

1GOV 1.9438 [0.170] 1.9732 [0.401] 7.3741 [0.000] 2.68452 [0.402] - 5.4384 [0.000] −0.98451 [-1.5043]

1RL 1.6912 [0.293] 1.6321 [0.223] 1.36974 [0.307] 2.98541 [0.098] 7.5083 [0.000] - −0.06279 [-1.2473]

and intergovernmental agencies worldwide continue to be

concerned about the enormous greenhouse gas emissions

produced by China. Therefore, now would be a good time to

investigate whether or not an inverted U-shaped hypothesis can

be validly used to determine the ecological sustainability status

of the country. According to the findings of this study, the

effects of economic development (GDP), the square of economic

development, urbanization, health expenditures, governance,

and the rule of law are mathematically important over the

experimental period of 1984–2018. These findings are based on

the Kuznets curve. Importantly, the findings of the study suggest

that higher levels of per capita income (GDP) are associated

with a deterioration in the quality of the environment during

the early stages of economic development, whereas higher levels

of GDP are associated with an improvement in environmental

conditions during later stages of economic development.

The ENVIRONMENT KUZNETS CURVE hypothesis can be

considered validated for China based on this implication.

Despite this, urbanization in China will inevitably lead to a

worsening of the country’s environmental sustainability. Despite

this, governance has been shown to have a significant impact on

the quality of the environment, while the rule of law has had the

opposite effect. In addition, the Granger causality test is utilized

in this investigation in order to determine how closely variables

are linked to one another in a casual manner.

Policy recommendations

There are a few recommendations for public policy to

ensure the quality of the environment. First, if the inverted

U-shaped ENVIRONMENT KUZNETS CURVE hypothesis

is valid, economic growth can be viewed as a solution to

environmental problems. This would follow from the validity

of the hypothesis. This suggests that the growth of the country

might not need to be restricted in order to control the

deterioration of these environment. Instead, it needs to be

supplemented with activities and technologies that improve

environmental sustainability, such as reforestation projects,

technologies that save energy, and other beneficial growth

options to the environment. In addition, proactive policy

interventions such as stringent environmental regulations

ought to be enforced to ensure that the environment will be

more sustainably managed while still allowing the region to

experience higher growth.

The creation of technologies that reduce emissions and

stringent environmental regulations are essential components of

an effective strategy for lowering carbon emissions. It should

also be required the government to take stringent action

if businesses and consumers do not adhere to the policy

protocols established to reduce CE. At the same time, these

economies have a pressing need to launch new initiatives

that support environmentally responsible urbanization. For

instance, governments in urban areas ought to be required

to plant new trees on a regular basis actively. In addition

to this, urban areas need to have housing societies that

have been meticulously planned. In most of the world’s

economies, unplanned urbanization and the growth of informal

settlements wreak havoc on the natural environments. It is

the responsibility of the higher authorities to improve the

supervision of environmental regulation and direct humans

toward engaging in friendly competition in the realm of

environmental regulation. They should increase the penalties for

people who tend to “free-riding” on environmental governance

and promote the joint reduction of emissions through the use of

financial incentives.

Therefore, if they violate their rule of law, they will

suffer losses, and the length of time required to pay for

health care will be significantly reduced. This will allow

them to reduce the amount of money spent on health care

and improve the overall quality of the health conditions

of their citizens. In addition, stringent environmental

regulations result in a decrease in the amount of carbon

dioxide emissions, which positively influences the health of
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the population as a whole. Because of this, the implementation

of environmentally friendly projects is of the utmost

importance for developing countries. This is because access to

traditional methods by health facilities is not always possible,

particularly when the health facility is located far from

major cities.

There are some constraints imposed by this work that is

going to have to be taken into account by any subsequent

works in this domain. There was a restricted amount of

data spanning 1984–2018. As a result, all subsequent works

will utilize the estimation method that is resistant to the

aforementioned problems in addition to the other methods.

Second, while the variables of governance, health expenditures,

and the rule of law were all measured using the mentioned

units, future researchers may use a variety of proxies to

investigate the association between these factors. In conclusion,

this study incorporated the variable of total health expenditures

into its analysis. In the upcoming research projects, both

public health expenditures and personal out-of-pocket health

expenditures should be included to compare and contrast their

respective effects.
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Public health crises have become one of the greatest threats to sustainable

global economic development. It is therefore important to explore the impact

of public health events on green economic e�ciency. However, few studies

have specifically examined the relationship between public health security

and green economic e�ciency. Based on the relevant data of 30 Chinese

provinces from 2011 to 2019, this paper explores the impact of public health

on green economic e�ciency by establishing a four-stage SBM-DEA model

to construct green economic e�ciency indicators and using a panel model.

A moderating e�ect model is established to explore the moderating e�ect of

environmental regulation on the impact of public health on green economic

e�ciency. In addition, this paper examines the heterogeneity of public health

impact on green economic e�ciency in terms of geographic location, carbon

pilot, and transportation level. It is found that, first, public health events

have a significant hindering e�ect on green economic e�ciency. Second,

environmental regulation has a significant moderating e�ect on the impact

of public health events on green economic e�ciency. Third, the impact of

public health events on green economic e�ciency changes from hindering to

facilitating as the intensity of environmental regulation increases. Fourth, the

impact of public health events on green economic e�ciency is heterogeneous

in terms of geographic location, carbon pilot, and transportation level. The

above studies have implications for how to balance economic development

and environmental protection in case of a public safety event.

KEYWORDS

four-stage SBM-DEA, public health event, green economy e�ciency, environmental

regulation, China
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Introduction

Public health events are characterized by sudden outbreaks,

great devastation, rapid spread, and a high degree of

uncontrollability (1). Whether it is extinct smallpox, the 14

outbreaks of Ebola, or the COVID-19 pandemic, they all have

serious personal and economic impacts (2). Public health is a

public utility that concerns people’s health. At the same time,

it is also a prerequisite for achieving sustainable economic

development (3, 4). On five occasions, theWHOhas emphasized

the importance of paying attention to public health emergencies.

The Chinese government has also emphasized, in the “Proposal

of the Central Committee of the Communist Party of China

on the 14th Five-Year Plan for National Economic and Social

Development and Visionary Goals for 2035”, the need to

“implement the Health China Initiative, improve national health

promotion policies, and build a national public health protection

network”. In this context, it is urgent to explore the development

of a model of economic and environmental benefits that will

help everyone (5). When a public health event occurs, investors

are pessimistic and green investment drops sharply (6). The

rapid decline of green investment will not only discourage the

research and development of green technology but also induce

the possibility of a financial crisis, which will seriously hinder

green economic efficiency (7). At the same time, the occurrence

of public health events has caused great harm to human health.

The reduction in the quantity and quality of the labor force

hinders production activities and reduces the efficiency of the

green economy (8, 9). In addition, the occurrence of a public

health event directly leads to the stagnation of green industry

development, which then generates a chain reaction that hinders

the development of upstream and downstream industries and

reduces the efficiency of the green economy (10). However,

in the context of environmental regulation, the government

can appropriately strengthen the intensity of environmental

regulation to guide the green transformation of enterprises

and promote the innovation of emission-reduction technologies

and green technologies (11). In turn, it affects the relationship

between public events and green economic efficiency.

The literature studies a large number of factors that affect

the efficiency of the green economy, such as technological

progress, industrial structure, energy price system, and energy

consumption (12–15). However, there is little research on the

impact of public safety incidents on green economic efficiency.

How do public safety incidents affect green economy efficiency?

By what mechanism does a public safety incident affect it?

How does the degree of impact differ in different geographical

locations, areas with different traffic levels, and carbon pilot

and non-carbon pilot areas? These questions have not yet been

answered. To explore these issues, this paper first constructs

a panel model to study the direct impact of public security

incidents on green economic efficiency. Secondly, a moderating

effect model is constructed to explore the moderating effect of

environmental regulation on the impact of public health on

green economic efficiency. Finally, the geographical location,

traffic level, and carbon pilot heterogeneity are tested. The

results show that the occurrence of public health events will

hinder green economic efficiency. Environmental regulation

can mediate the relationship between public health and green

economic efficiency. The impact of public health events on green

economic efficiency is heterogeneous in terms of geographic

location, traffic level, and carbon pilot.

The contributions of this paper are as follows: First, previous

research lacks the use of the four-stage SBM-DEA model to

construct green economic efficiency indicators. In this paper,

the investigation of green economic efficiency is more systematic

and in-depth, and the definition, measurement, and theoretical

research system of green economic efficiency are enriched and

improved. Second, it is necessary to discuss the impact of

public health events on the efficiency of the green economy

from the perspective of environmental regulation. It is here

confirmed that the negative impact of public security incidents

on green economic efficiency can be mitigated by implementing

corresponding environmental regulation policies. Third, it is

also necessary to discuss the impact of public security incidents

on the efficiency of the green economy from the perspectives of

regions, traffic levels, and carbon pilots. This will help the local

government to adapt to local conditions and take more efficient

measures to promote the efficiency of the green economy.

In-depth research on the above issues will help clarify the

specific mechanism of the impact of public security incidents

on the efficiency of the green economy. Fourth, we perform

robustness testing and endogeneity testing by replacing models

and explained variables, ensuring that research conclusions

are more reliable. Fifth, this paper enriches the theory of

sustainable development and improves the targeting of policies

to provide a theoretical basis for policymakers to formulate

sustainable development strategies and to facilitate sustainable

economic development.

The paper is organized as follows: Section Literature

review and mechanistic analysis describes the literature and

provides details of the mechanistic analysis. Section Variable

selection, model construction, and data sources explains data

sources, variable definitions, and empirical models. Section

Empirical analysis and discussion includes the benchmark

empirical results and their analysis. Section Heterogeneity

analysis provides details of the heterogeneity test. Section

Robustness testing and endogeneity treatment does so for the

robustness test. Section Conclusions and insights sets out the

conclusions and insights of the research.

Literature review and mechanistic
analysis

The green economy advocates harmony with nature and

establishes a positive link between resources, environment, and

economic development to create prerequisites and conditions
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for sustainable economic development (16). Green economy

efficiency incorporates the cost of loss of resources and

environmental damage into the scope of benefit examination

to measure the degree of effectiveness of the green economy

(17). At the beginning of 2020, COVID-19 spread around the

world, and the GDP of the world’s major economies experienced

negative growth. In the long term, the “weak foundation” of

public health is the crux. In this context, it is important to

explore the impact of public health events on the efficiency of

the green economy. Public health events can have a significant

impact on tourism, human capital, and green investment, and

thus significantly affect the efficiency of the green economy.

Public health events have a significant impact on the tourism

industry (18). The transportation industry, catering industry,

communication industry, and other industries are closely related

to tourism. The public health crisis has brought the tourism

industry to a standstill. This will also cause the stagnation of

the upstream and downstream industries of tourism (19). In

addition, the tourism industry has a long recovery time and

is greatly affected by the external environment, which further

increases the chain reaction of the industry, resulting in a cliff-

like decline in the economy and reducing the efficiency of the

green economy.

Public health crises can hit the quality and quantity of

the workforce by infection, premature death, and restriction of

work activities (20). A good public health approach, especially

the control of infectious diseases, helps to promote the

accumulation of human capital (21). Human capital, in turn,

can act on green economic efficiency directly and indirectly.

In terms of direct impact, higher levels of human capital can

significantly increase the environmental awareness of society as

a whole, laying the foundation for achieving green economic

development. As the level of education increases, individuals

become more environmentally aware. They are more aware of

the waste of resources and environmental pollution caused by

traditional lifestyles, and thus change their social and economic

activities to promote the efficiency of a green economy (22). At

the same time, the improvement of human capital level will also

have stronger analytical ability and information-seeking ability.

On the one hand, green technology research and development

activities will be widely supported, and on the other hand, it will

guide the establishment of green development-related schemes,

thereby promoting green economic efficiency. The occurrence

of public health events will lead to a reduction in the level of

human capital, which in turn leads to a decline in the efficiency

of the green economy. In terms of indirect effects, human

capital can influence green economic efficiency through science

and technology innovation and improved resource allocation

(23, 24). In addition to external influences on the level of

science and technology innovation, internal factors of human

capital play a more critical role (25). A high level of human

capital is more capable of absorbing and digesting frontier

technologies and promoting science and technology innovation,

and this innovation has significant positive externalities, which

in turn drive green economy efficiency in relation to production

efficiency and environmental pollution (25). In terms of

improving resource allocation, with the rapid development

of the social economy, production activities are gradually

complicated and integrated. A high level of human capital

also means a high level of collaborative ability. Workers with

strong collaborative ability can make rational use of knowledge,

skills, resources, etc., which promotes the rapid development

of sectors with higher technological content. To achieve an

effective allocation of resources and improve the efficiency of

the green economy, a strong collaborative approach can help

transfer labor, capital, and other factors of production from

less efficient sectors to more efficient sectors (26). Therefore,

when a public health event occurs, the level of human capital

decreases, which hinders technological innovation and reduces

the efficiency of resource allocation, thereby hindering green

economic efficiency.

The occurrence of a public health crisis event often affects

investor sentiment, and investors tend to be pessimistic in

the short term. If a public health event is never dealt with

effectively or even accelerates its spread, it can further exacerbate

investors’ pessimistic expectations and affect the country’s

economic confidence (27). This can lead to a huge drop in

green investment, which is likely to lead to the outbreak of

long-accumulated risks in the financial markets, triggering a

crisis in the financial markets and thus affecting the normal

functioning of the entire modern industrial system. Green

investment can contribute to green economic efficiency through

an economic growth effect and environmental protection

effect. Regarding the economic growth effect, green investment

can drive the development of green industries, which can

drive the development of upstream and downstream non-

green industries. At the same time, the increase in green

investment can expand the scale of social production, enhance

the production capacity, increase the effective supply of society,

and improve the efficiency of the green economy. Regarding

the environmental protection effect, green investment provides

more financial support for green industries and promotes

the green transformation and upgrading of industries. This

green improvement of industries will also stimulate people’s

awareness of green environmental protection, which will attract

more talent to the green industry, bringing an advanced

technology level, management tools, etc. to promote green

production efficiency. If an investment is made in green

R&D activities, such as pollution treatment technology or

emission reduction and pollution reduction technology, it will

stimulate R&D and innovation for green technology, reducing

environmental pollution and enhancing the efficiency of

pollutant treatment (28, 29). Furthermore, to attract more green

investment, enterprises will increase research and development

in green technology innovation, pay more attention to pollution

emissions and resource consumption, and build a greener
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production model (30). In turn, this also improves the efficiency

of the green economy. Therefore, a significant decrease in green

investment caused by public health events will hinder green

economic efficiency.

In the event of a public health crisis event, the development

of the tertiary sector stagnates, the level of human capital

decreases, green investment decreases significantly, and the

development of the green economy is hampered (31). However,

at the same time, it also significantly strengthens the

government’s environmental awareness and the intensity

of environmental regulations to reduce the possibility of

recurrence of public health crisis events (32). On the one hand,

as the intensity of environmental regulation increases, Porter’s

hypothesis suggests that it will promote technological progress

and innovation, making the green economy more efficient (33).

On the other hand, enterprises under the dual pressure of public

crisis events andmandatory government policies will favor green

transformation, choosing to reduce emissions and conserve

resources for the sustainable development of enterprises, which

in turn promotes green economic efficiency (34). Therefore, in

the context of environmental regulation, public health events

promote green economic efficiency.

The abovementioned literature provides many theoretical

bases for this paper to study the impact of public health on

green economic efficiency, but there are some shortcomings.

Few studies have incorporated environmental regulation, public

health, and green economic efficiency into one framework and

examined the transmission mechanism of public health events

on green economic efficiency in depth. Against the background

of the COVID-19 pandemic and the negative GDP growth of

the world’s major economies, what measures can be taken to

promote the growth of green economic efficiency and achieve

sustainable economic development remains to be discussed

in depth. To this end, this paper applies a four-stage SBM-

DEA to measure green economic efficiency and examines the

impact of public health events on green economic efficiency in

detail at both theoretical and empirical levels. The transmission

mechanism of public health events on green economic efficiency

is show in Figures 1, 2.

Variable selection, model
construction, and data sources

Variable selection

Explained variables

In this paper, the energy efficiency index is constructed by a

four-stage SBM-DEA.

Data envelopment analysis is widely used in efficiency

evaluation (35). Compared with other efficiency analysis

methods, data envelopment analysis can be used to evaluate

similar decision units with multiple inputs. Since the traditional

DEA model is limited to the same proportional variation of

inputs and outputs, the accuracy of the efficiency value of the

decision unit will be affected when there is slack in the variables,

Tone (36) proposed the SBM-DEA model in 2001, which can

solve the problem of slack variables. In a study from 2002, Tone

(37) proposed the SE-SBM model to solve the problem of not

being able to further evaluate the SBM-DEA model when there

are multiple valid decision units. However, the SE-SBM model

does not determine whether the efficiency of a decision unit is

affected by uncontrollable factors such as external environment

and random disturbances, so Fried et al. (38) proposed a three-

stage DEA model in 2002. The four-stage DEA constructs a

Tobit regression model based on the results of the three-stage

DEA model. To measure energy efficiency more accurately, a

four-stage SBM-DEA model is constructed in this paper. The

path of the four-stage DEA model is shown in Figure 3.

Stage 1: Input slack and initial energy efficiency values are

measured for each decision unit. Since the green

economic efficiency is expected to be improved by

changing the factor inputs, the input-oriented model

is chosen in this paper. Assuming that there are n

decision-making units (DMUs), each DMU has m

inputs and r outputs, and none of the inputs or outputs

is less than zero, the model is

min ρ0 = 1−
1

m

m
∑

i=1

si

xi0
(1)

s.t.xi0 =
m

∑

j=0

xijλj + s; yr0 ≤
n

∑

j=0

ykjλj (2)

where ρ is the efficiency metric; m and k are the

input and output factor types, respectively; λ represents

column vectors; and x0 and y0 are the input and output

vectors of the decision unit to be evaluated, respectively.

xi0, yi0 are the elements of x0, y0, s̄ is the input slack

quantity. The larger the input or output slack, the lower

the efficiency value; when the input–output slack is 0,

the efficiency value is equal to 1.

Stage 2: Tobit model. After the measurement of efficiency values

in the first stage, the amount of slack in the inputs and

outputs of each decision unit can be obtained. However,

the slack quantity has a value greater than or equal to 0,

and there is a truncation in the data when it is equal to

0. Therefore, this paper uses the Tobit truncation model

to fit the relationship between input slack quantity and

environmental variables in the first stage. Three Tobit

regression models are constructed, and the models are

defined as follows.

sik = αi + βiZik + µi (3)

where i is the number of inputs, i = 1, 2, ..., I; k =
1, 2, ....n. sik represents the total slack of the ith input
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FIGURE 1

Association and transmission mechanism of public safety and green economic e�ciency.

factor calculated in the first stage, and Zik is the vector

of external environment variables, and αi is the constant

term, and βi is the vector of coefficients to be estimated,

and µi is the random disturbance term.

Stage 3 Decompose the input slack values obtained in one stage

using stochastic frontier model (SFA). Construct the

regression Equation (2) to decompose the initial input

slack values for each decision unit:

sik = f (zj,βi)+ vij +µij , j = 1, 2, ...j .i = 1, 2, ...i (4)

In Equation (2), sik denotes the slack value of the i-

th input of the j-th decision unit, zj is the external

environment variable, βi is the coefficient of the external

environment variable, vij + µij is the mixed error

term, vij denotes the random error term, and µij

denotes the management inefficiency term.

After using Frontier 4.1 to obtain the regression

results, the input quantity of the relatively fully effective

decision unit was used as the benchmark, and the input

quantity of other relatively ineffective decision units

was further adjusted by using the regression results

to increase the input quantity of the decision unit

in a better external environment to reduce the input

quantity of the decision unit facing a worse external

environment and probability. The specific method is

as follows:

xij
A = xij + [max(f (zj, β̂i)− f (zj, β̂i)]+ [maxvij − vij],

j = 1, 2, ...j .i = 1, 2, ...i (5)

where XA
iJ is the adjusted input, Xij is the pre-adjusted

input, and max(f (zj, β̂i) − f (zj, β̂i) is the adjustment

for external environmental factors, and max vij − vij is

the adjustment of the random disturbance terms to the

same state for all decision units.

FIGURE 2

The regulatory role of environmental regulation.

Stage 4 Measurement of adjusted SBM efficiency. The adjusted

inputs and initial outputs are measured again using

the SBM model to derive new efficiency values. Since

the interference of external environmental variables is

removed in the fourth stage, the efficiency values output

in the fourth stage more accurately reflect the actual

green economy efficiency level of each decision unit.

The specific indicators were selected. The green

economic efficiency establishment indicators are shown

in Table 1.

Input–output indicators

Referring to the literature on green economic efficiency

indicators measures (39), we consider capital, labor, and energy

as input variables and CO2 emissions as non-desired outputs.

Gross domestic product (GDP) is taken as the desired output. In

this paper, the number of employees at the end of the year in each

province is taken as labor input, fixed asset investment is used as

capital input, and energy consumption is used as energy input.

External environmental factor indicators

In this paper, industrial structure, energy structure,

urbanization rate, and R&D investment are selected as

environmental variables. Dong (40) used a spatial econometric

model to discuss the relationship and transmission mechanism
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FIGURE 3

Path diagram of the four-stage DEA model.

TABLE 1 Variable settings and descriptive statistics.

Variables Name Definition Unit Processing Max Min Average Stv

Input variables Employment JOB 10,000 people Take logarithm 8.875 5.734 7.655 0.782

Fixed assets FIX Amount of investment in

fixed assets

Millions of RMB Take logarithm 15.592 11.874 14.110 0.794

Energy consumption ENE Total energy

consumption

Million tons of standard

coal

Take logarithm 10.631 7.378 9.428 0.650

Output variables GDP GDP RMB 100 million Take logarithm 11.587 7.421 9.800 0.853

Carbon dioxide emissions CO2 Million tons Take logarithm 6.843 3.553 5.586 0.725

Sulfur dioxide emissions SO2 Million tons Take logarithm 5.208 −1.661 3.362 1.207

Environment

variables

Industry structure INS Secondary industry value

added/GDP

0.590 0.162 0.440 0.087

Energy mix STR Coal

consumption/Primary

energy consumption

96.440 0.265 4.611 12.431

Urbanization rate CITY Number of urban

population/Total

population

0.896 0.350 0.576 0.122

R&D investment TEC Amount of R&D

investment

Million yuan Take logarithm 16.957 10.964 14.280 1.344

between technological innovation and green economic

efficiency from the perspective of natural resources and

urbanization, and concluded that R&D investment will

significantly affect green economic efficiency. Song et al. (41)

explored the temporal and spatial evolution characteristics of

green economic benefits in the Yangtze River Economic Belt

by dividing into three watersheds, and found that industrial

structure would have a significant impact on green economic

efficiency. Bilgen (42) suggested that the energy structure

will significantly affect environmental pollution, which in

turn affects the efficiency of the green economy. When

people migrate between urban and rural areas, it will cause

differences in energy consumption, which in turn affects the

efficiency of the green economy (43). Based on data availability,

this paper uses the ratio of secondary industry added value

to GDP, the ratio of coal consumption to primary energy

consumption, the ratio of urban population to total population,

and R&D investment to measure industrial structure, energy

structure, and urbanization rate, all of which are R&D

investment indicators.
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Core explanatory variables

The core explanatory variable in this paper is public health.

In this paper, the mortality rate of legal A and B infectious

diseases is selected as the main indicator of public health. In the

new infectious disease control law, infectious disease are divided

into three categories, A, B, and C. There are 39 types of infectious

disease, of which infectious diseases in category B are currently

not effectively controlled. Since infectious diseases in category

A (plague and cholera) are often considered important factors

in public health emergencies, the mortality rate of infectious

diseases in categories A and B is selected as a measure in this

paper. Referring to the analysis of Lumley and Daly (44), it is

considered that the mortality rate of statutory infectious A and

B diseases as the explanatory variable is relevant and realistic.

Control variables

Li et al. (15) believe that the intensity of government

funding for science and technology and energy consumption

will have a significant impact on the efficiency of the green

economy. The government can increase its investment in green

technology innovation and improve the energy consumption

structure to enhance the green economy. Li et al. (45) believe that

energy prices will have a significant impact on the environment.

With a rise in energy prices, environmental pollution will be

reduced, but a decline in energy prices will distort environmental

pollution, which in turn will affect the efficiency of the green

economy. Zhang et al. (46) believe that the intensity of foreign

trade will have a significant impact on the efficiency of the

green economy, and continuously expanding the scale of high-

quality foreign trade can promote regional green growth.

Therefore, this paper selects government funding intensity,

energy consumption, energy prices, and foreign trade intensity

as control variables. Based on data availability, this paper uses

the ratio of government spending on science and technology

to the government’s general budget spending to measure the

intensity of government funding. The foreign trade intensity

is measured by the ratio of total imports and exports to

GDP. Energy consumption is measured in terms of energy

consumption. Energy prices are measured using the fuel price

index in the retail commodity price index.

Model construction

Baseline regression model

Fixed effects models can capture individual heterogeneity in

panel data. The fixed effects model uses panel data to expand

the sample size, can describe the individuality and commonality

between individuals, and improves the estimation accuracy of

the model. The model is set as follows:

GEEit = a1 + a2PHSi,t + a3Zi,t + ui + εi,t (6)

where GEE denotes green economic efficiency, PHS denotes

public health indicators, Z denotes control variables, u is an

individual fixed effect, ε denotes error term, i denotes the

province, and t is the year.

Moderating e�ect model

To further test the moderating effect of environmental

regulation on the impact of public health on green economy

efficiency, a moderated effect estimation model is constructed

as follows:

GEEit = b1 + b2PHSi,t + b3GUIi,t + b4Zi,t + ui + εi,t (7)

GEEit = c1 + c2PHSi,t + c3GUIi,t + c4PHS∗i,tGUIi,t

+c5Zi,t + ui + εi,t (8)

where GUI denotes environmental regulation, with the

interaction term (PHS∗i,tGUIi,t) coefficient to measure the effect

of regulation.

Data source

The data on mortality rates for A and B infectious diseases

used in this paper are from the ChinaHealth Statistics Yearbook.

The data on employment, SO2 emission, secondary industry

value added, GDP, and energy consumption were obtained

from local statistical yearbooks, the data on total energy

consumption were obtained from the China Energy Database,

and the data on fixed asset investment, coal consumption,

and primary energy consumption were obtained from a wind

database. The data on R&D investment is from the China

Statistical Yearbook on Science and Technology. Data on urban

population, total population, investment in industrial pollution

control, government expenditure on science and technology,

general budget expenditure, and total imports and export are

from the China Statistical Yearbook. The data on carbon

emissions are from the China Carbon Accounting Database.

Combined with data availability, the sample interval selected

in this paper is 2011-2019, and the panel data used in this paper

cover 30 provinces due to the absence of some data from the

Tibet Autonomous Region as well as Hong Kong, Macao, and

Taiwan. The descriptive statistics of each indicator are shown in

Table 2.

Empirical analysis and discussion

Energy e�ciency evaluation in China
based on four-stage SBM-DEA model

Phase I measurement results

This paper empirically analyzes the input–output efficiency

of the green economic efficiency at the inter-provincial level
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TABLE 2 Variable settings and descriptive statistics.

Variable Name Definition Processing Max Min Average Stv

Explained variables Green economy

efficiency

GEE 1.000 0.807 0.913 0.063

Explanatory

variables

Public safety PHS The mortality rate of A

and B infectious diseases

0.082 0.002 0.013 0.015

Adjustment

variables

Environmental

regulation

GUI Industrial pollution

control completed

investment/secondary

industry value added

Take logarithm 5.502 0.254 3.106 0.809

Control variables Government

funding intensity

GOV Government

expenditure on science

and technology/general

budget expenditure

0.066 0.004 0.020 0.014

Energy

consumption

CON Energy consumption Take logarithm 11.267 4.055 8.599 1.461

Foreign trade

intensity

OPE Total imports and

exports/GDP

0.240 0.002 0.042 0.047

Energy prices PRI Fuel price index in the

retail commodity price

index

4.734 4.425 4.619 0.069

based on the SBM-DEA model using Stata 16.0 software. The

higher value of green economic efficiency represents the superior

ability of the province and city to utilize the available resources.

The results are shown in Table 3. Figure 4 shows the green

economic efficiency of 30 Chinese provinces from 2011 to 2019

in the first stage.

From the results of the first stage of efficiency analysis,

the following can be ascertained. Without considering

environmental variables, the green economic efficiency of

all 30 provinces in China from 2011 to 2019 reached 0.8 or

more. The regional differences in green economic efficiency

among provinces are large, among which Qinghai has a green

economic efficiency of 1 in all 9 years. Henan has the lowest

average green economic efficiency. The first stage is only an

efficiency evaluation under the traditional SBM-DEA model,

and although the SBM model can distinguish between effective

decision units, it contains interference from environmental

and random factors. Therefore, the green economic efficiency

measured by the SBM model alone is undoubtedly unrealistic,

and the SFA model needs to be applied to remove the influence

of external environmental factors.

Second-stage tobit regression results

The slack variables of each input variable obtained in the

first stage were used as dependent variables and the four

environmental variables were used as independent variables, and

the Tobit model was constructed using Stata 16.0 software for

analysis, and the results are shown in Table 4. It can be seen

that the redundancy values of the three environmental variables

on labor, capital, and energy inputs are significant at the 1%

level, and industrial structure and R&D inputs pass the 1% test

with positive correlation coefficients, indicating that upgrading

industrial structure and increasing R&D inputs canmake full use

of input factors. The energy structure passed the 1% test and the

correlation coefficient was negative, indicating that improving

the energy structure can make full use of the input factors, that

is, environmental factors have a significant impact on green

economy efficiency. The first-stage efficiency value cannot fully

reflect the current situation of green economy efficiency in

each province, and it is necessary to separate the influence of

environmental factors to improve the accuracy of the evaluation.

Phase III SFA regression results

Using the SFAmodel with the slack variables of labor, energy,

and capital inputs obtained in the first stage as explanatory

variables and the four environmental variables as explanatory

variables in the regression, the results of the third-stage SFA

regression can be obtained using Frontier 4.1 software. γ

indicates the proportion of the variance of input slack values

due to inefficient internal management or input scale in the total

variance of input slack values. The larger the effect of internal

management or input scale inefficiency on green economy

efficiency, the larger the value of this statistic, which indicates

that the adjustment of SFA for input variables is reasonable
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TABLE 3 Green economic e�ciency phase I.

2011 2012 2013 2014 2015 2016 2017 2018 2019 Average

Beijing 0.992 0.990 1.000 1.000 1.000 0.988 1.000 1.000 1.000 0.997

Tianjin 1.000 1.000 1.000 1.000 1.000 0.985 1.000 0.938 0.940 0.985

Hebei 0.844 0.832 0.823 0.813 0.804 0.799 0.797 0.789 0.790 0.810

Shanxi 1.000 0.889 0.862 0.852 0.840 0.836 0.947 0.938 0.916 0.898

Inner Mongolia 1.000 0.890 0.880 0.859 0.881 0.868 0.863 0.891 0.888 0.891

Liaoning 0.851 0.840 0.836 0.840 0.868 1.000 1.000 0.995 1.000 0.914

Jilin 0.925 0.901 0.942 0.941 1.000 0.920 0.914 0.853 0.871 0.919

Heilongjiang 0.900 0.880 0.870 0.887 0.903 0.879 0.875 0.859 0.862 0.879

Shanghai 1.000 1.000 1.000 0.996 1.000 0.997 0.989 1.000 1.000 0.998

Jiangsu 0.847 0.840 0.836 0.832 0.830 0.831 0.833 0.836 0.837 0.836

Zhejiang 0.920 0.894 0.877 0.865 0.852 0.843 0.845 0.848 0.844 0.865

Anhui 0.888 0.867 0.861 0.849 0.839 0.812 0.812 0.827 0.826 0.842

Fujian 0.929 0.905 0.901 0.876 0.880 0.866 0.851 0.861 0.867 0.882

Jiangxi 1.000 1.000 1.000 0.969 0.958 0.955 0.908 0.927 0.923 0.960

Shandong 0.828 0.820 0.815 0.807 0.799 0.796 0.797 0.789 0.800 0.806

Henan 0.835 0.824 0.814 0.805 0.797 0.791 0.789 0.791 0.792 0.804

Hubei 0.861 0.848 0.840 0.832 0.834 0.823 0.824 0.830 0.829 0.836

Hunan 0.863 0.852 0.849 0.837 0.852 0.828 0.825 0.822 0.822 0.839

Guangdong 1.000 0.958 0.876 0.867 0.860 0.852 0.847 0.846 0.843 0.883

Guangxi 0.938 0.912 0.913 0.897 0.869 0.836 0.826 0.821 0.819 0.870

Hainan 1.000 1.000 1.000 1.000 1.000 0.991 0.992 1.000 1.000 0.998

Chongqing 0.916 0.904 1.000 0.937 1.000 0.882 0.882 0.882 0.885 0.921

Sichuan 0.842 0.835 0.829 0.822 0.819 0.814 0.814 0.816 0.815 0.823

Guizhou 1.000 0.888 0.917 0.897 0.907 0.847 0.846 0.840 0.842 0.887

Yunnan 0.894 0.871 0.881 0.857 0.842 0.830 0.821 0.830 0.830 0.851

Shaanxi 1.000 1.000 1.000 0.945 0.893 0.844 0.843 0.842 0.837 0.912

Gansu 1.000 0.894 0.883 0.867 0.857 0.848 0.888 0.898 0.897 0.892

Qinghai 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Ningxia 1.000 1.000 1.000 1.000 1.000 0.995 1.000 1.000 1.000 0.999

Xinjiang 0.928 0.905 0.887 0.873 0.857 0.857 0.849 0.885 0.885 0.881

and necessary. For the environmental variables on input,

redundancy is regarded as the opportunity cost of production

and consumption in each province, that is, when the regression

coefficient is positive, it leads to an increase in environmental

variables and wastes inputs or decreases outputs, which is not

conducive to improving green economic efficiency. Conversely,

when the regression coefficient is negative, the increase of

environmental variables saves inputs or increases outputs, which

is conducive to improving green economic efficiency. The

regression results are shown in Table 5.

According to Table 5, the γ of energy input slack variables

and labor input slack variables is 0.950 and 0.905, respectively,

and both are significant at the 1% level, which indicates that

management inefficiency is a major factor in each decision unit

and needs to be adjusted as necessary. The coefficient of the

energy structure of the energy input slack variable is significantly

negative, which indicates that increasing the amount of coal

consumption helps to reduce the redundancy of energy input.

The coefficients of R&D input on labor input and energy input

slack variables are significantly positive, indicating that reducing

R&D input helps to reduce the redundancy of labor input

and energy input. In summary, environmental factors have a

significant effect on green economic efficiency.

There are differences in the effects of each environmental

variable on different provinces, which may lead to better

efficiency performance for some provinces facing a better

external environment and worse efficiency performance for

some provinces facing a worse external environment. Therefore,

it is necessary to adjust the original input variables according to

the regression results of the second stage, so that all provinces

face the same external environment and thus obtain true

energy efficiency.
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FIGURE 4

Phase I green economy e�ciency.

TABLE 4 Tobit regression results.

Variables Labor input redundancy Capital investment redundancy Energy input redundancy

Coefficient t-value Coefficient t-value Coefficient t-value

INS 0.838*** 2.660 1.895*** 7.360 2.050*** 6.850

STR −0.014*** −9.720 −0.015*** −11.760 −0.008*** −6.170

CITY −0.829 −0.500 −0.780 −0.590 −0.545 −0.370

TEC 0.449*** 22.580 0.456*** 24.650 0.401*** 23.240

C 1.459* 1.680 7.588*** 11.340 3.462*** 4.370

F-value 30.180 58.570 23.510

Log-likelihood −124.311 −78.809 −95.589

r2 0.607 0.754 0.641

* and ***indicate significance at the 10, 5, and 1% levels, respectively.

Phase IV measurement results

The SBM-DEA model was again applied to measure the

efficiency based on the adjusted amount of inputs and the initial

amount of outputs in each province to obtain efficiency values

that reflect the true internal management and input scale levels.

The results are shown in Table 6, Figures 5, 6.

The inter-provincial analysis shows that the green economic

efficiency of 30 provinces varies to different degrees after

excluding the influence of the external environment and random

disturbances. This indicates that the external environment

and random disturbances have a certain influence on the

efficiency level, and the efficiency values measured by each

province in the first stage are not very accurate. In general,

the green economic efficiency gap is relatively obvious, with

Guangxi, Gansu, and Qinghai having the highest average green

economic efficiency, indicating that they have a reasonable

layout in terms of pollution control and resource utilization

efficiency. Shandong has the lowest average green economic

efficiency, indicating that the province has a large gap

in its green economic efficiency, and should focus on its

resource utilization efficiency, environmental protection, and

capacity planning.
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TABLE 5 Regression results.

Variables Labor input slack variable Capital input slack variables Energy input slack variables

Labor force Standard t-value Energy Standard t-value Capital Standard t-value

factor deviation factor deviation Capital factor deviation

INS −0.111 0.120 −0.927 0.026 1.000 0.026 −0.053 0.051 −1.039

STR 0.000 0.001 −0.501 0.000 1.000 0.000 −0.001 0.000 −2.689

CITY −0.023 0.100 −0.229 0.024 1.000 0.024 −0.004 0.043 −0.083

TEC 0.013 0.008 1.629 0.000 1.000 0.000 0.006 0.004 1.577

C −0.168 0.104 −1.616 −0.034 1.000 −0.034 −0.067 0.049 −1.386

degama2 0.166 0.043 3.851 0.002 1.000 0.002 0.065 0.017 3.921

gama 0.905 0.026 35.394 0.290 1.000 0.290 0.950 0.014 70.119

Log function value 121.532 574.017 342.370

LR test 404.226 242.068 388.508

TABLE 6 Fourth stage.

Province 2011 2012 2013 2014 2015 2016 2017 2018 2019 Aver

Beijing 0.995 0.993 1.000 1.000 1.000 0.990 1.000 1.000 1.000 0.987

Tianjin 1.000 1.000 1.000 1.000 1.000 0.991 1.000 0.943 0.946 0.832

Hebei 0.862 0.850 0.844 0.836 0.824 0.821 0.820 0.813 0.813 0.915

Shanxi 1.000 0.912 0.878 0.870 0.859 0.857 0.963 0.956 0.938 0.930

Inner Mongolia 1.000 1.000 0.954 0.897 0.942 0.883 0.879 0.909 0.907 0.930

Liaoning 0.874 0.863 0.868 0.873 0.896 1.000 1.000 1.000 1.000 0.932

Jilin 0.940 0.920 0.954 0.952 1.000 0.935 0.931 0.871 0.887 0.899

Heilongjiang 0.917 0.900 0.895 0.908 0.922 0.896 0.892 0.879 0.880 0.999

Shanghai 1.000 1.000 1.000 0.998 1.000 0.998 0.994 1.000 1.000 0.858

Jiangsu 0.880 0.870 0.864 0.857 0.855 0.845 0.846 0.850 0.851 0.887

Zhejiang 0.959 0.917 0.902 0.894 0.880 0.857 0.858 0.861 0.857 0.870

Anhui 0.910 0.893 0.887 0.877 0.869 0.844 0.834 0.859 0.856 0.902

Fujian 0.945 0.923 0.921 0.901 0.905 0.891 0.864 0.879 0.887 0.978

Jiangxi 1.000 1.000 1.000 0.981 0.977 1.000 0.940 0.953 0.952 0.832

Shandong 0.856 0.849 0.851 0.842 0.826 0.815 0.816 0.809 0.820 0.833

Henan 0.868 0.857 0.852 0.844 0.837 0.809 0.807 0.809 0.808 0.858

Hubei 0.885 0.873 0.870 0.862 0.866 0.838 0.839 0.844 0.843 0.863

Hunan 0.886 0.877 0.878 0.868 0.885 0.851 0.849 0.838 0.837 0.911

Guangdong 1.000 1.000 1.000 0.883 0.874 0.866 0.862 0.860 0.857 0.887

Guangxi 0.951 0.930 0.931 0.917 0.894 0.850 0.840 0.836 0.835 1.000

Hainan 1.000 1.000 1.000 1.000 1.000 0.998 0.998 1.000 1.000 0.935

Chongqing 0.936 0.925 1.000 0.954 1.000 0.903 0.903 0.896 0.898 0.845

Sichuan 0.863 0.857 0.858 0.852 0.852 0.831 0.831 0.832 0.831 0.909

Guizhou 1.000 0.910 0.936 0.921 0.929 0.874 0.873 0.868 0.868 0.875

Yunnan 0.913 0.895 0.905 0.885 0.872 0.859 0.847 0.850 0.846 0.926

Shaanxi 1.000 1.000 1.000 1.000 0.918 0.859 0.855 0.855 0.848 0.911

Gansu 1.000 0.915 0.905 0.892 0.890 0.861 0.907 0.915 0.914 1.000

Qinghai 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

Ningxia 1.000 1.000 1.000 1.000 1.000 0.998 1.000 1.000 1.000 0.898

Xinjiang 0.942 0.919 0.902 0.889 0.875 0.878 0.869 0.905 0.905 0.998

Frontiers in PublicHealth 11 frontiersin.org

415

https://doi.org/10.3389/fpubh.2022.996139
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhou et al. 10.3389/fpubh.2022.996139

FIGURE 5

Comparison of the e�ciency values of the first and fourth stages in 2011.

Figures 5, 6 provide a comparison of green economic

efficiency of 30 provinces in the first and fourth stages in

2011 and 2019, respectively, and it can be seen that after the

adjustment of input indicators, the green economic efficiency

of each province generally increases. The difference in green

economic efficiency decreases from the first stage to the fourth

stage, which indicates that the external environmental factors

lead to a bias of efficiency estimation, and the influence of

the environment on green economic efficiency can be removed

through the adjustment of input variables.

Results of panel model estimation of
factors influencing green economic
e�ciency

The estimated results of the panel models are presented in

Table 7, and the results of the individual fixed panel regressions

with the gradual addition of control variables are presented in

Models 1 through 5. The p-values for public health parameter

estimates from Models 1 to 5 were all significantly negative at

the 1% level. That is, the regression coefficient of public safety

on green economic efficiency is always significantly negative. It

shows that the occurrence of public security incidents will hinder

green economic efficiency. The possible reason for this is that

once a public safety event occurs, it can greatly affect everything

from micro-individuals to macro-policies. A public safety event

can bring about a series of chain reactions. Green industry

development stagnates, green investment drops sharply, and

human capital level decreases, which in turn greatly hinders

green development and green economy efficiency decreases.

The coefficient of the government’s science and technology

funding intensity is significantly negative, indicating that the

increase in the government’s science and technology funding

intensity will hinder the efficiency of the green economy. The

coefficient of foreign trade intensity is significantly positive,

indicating that the increase of foreign trade intensity will

promote green economy efficiency. The coefficient of energy

price is significantly positive, indicating that the increase of

energy price will promote green economic efficiency.

Testing the moderating e�ect of
environmental regulation

As shown in Table 8, the regression coefficient of the

interaction term GUI∗PHS on green economic efficiency is
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FIGURE 6

Comparison of e�ciency values of the first and fourth stages in 2019.

TABLE 7 Panel model regression results.

Variables Model 1 Model 2 Model 3 Model 4 Model 5

PHS −0.016*** −0.013*** −0.013*** −0.013*** −0.013***

−4.080 −3.530 −3.550 −3.370 −3.510

GOV −2.833*** −2.792*** −2.679*** −2.749***

−5.600 −5.660 −5.670 −5.920

CON −0.005 −0.001 −0.001

−1.310 −0.180 −0.230

OPE 0.361*** 0.328***

3.370 3.070

PRI 0.059**

2.150

C 1.012*** 1.164*** 1.196*** 1.100*** 0.837***

266.770 41.200 27.290 23.710 6.420

Individual fixation YES YES YES YES YES

Robustness test YES YES YES YES YES

R2 0.748 0.782 0.783 0.789 0.793

F-value 246.020 182.360 179.320 267.160 193.010

NUMBER 270 270 270 270 270

** , *** indicate significant at the 10, 5, and 1% levels, respectively.
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TABLE 8 Conditioning inspection results.

Variables Model 1 Model 2

PHS −0.009** −0.024***

−2.510 −5.450

GUI 0.008** −0.001

2.400 −0.160

PHS*GUI 0.007***

3.720

C 0.753*** 0.777***

5.380 5.590

Control variables YES YES

Individual fixation YES YES

Robustness test YES YES

R2 0.796 0.805

F-value 94.670 101.400

NUMBER 270 270

** , ***indicate significant at the 10, 5, and 1% levels, respectively.

significantly positive at the 1% level. Specifically, a clean and

hygienic environment not only prevents the occurrence of

serious public health events but also prevents the spread of

viruses and bacteria after such events. Environmental protection

and public health have public goods characteristics (37, 38).

In a market economy, it is difficult to solve the problem

of negative pollution externalities by relying on the market

alone, and the “invisible hand” of the government is needed

to intervene in the market economy (47). When a public

event has serious consequences, the government will adopt a

corresponding mandatory environmental regulation policy. In

the context of environmental regulation, companies will shift

more funds to green research and development. Individuals

will become more environmentally conscious and increase their

green consumption. Investors will have a stronger preference

for green projects and green business sectors and increase green

investment. Thus, the efficiency of the green economy will

be enhanced.

Figure 7 depicts the impact of public health security on green

economic efficiency under different levels of environmental

regulation. As can be seen from Figure 7, the effect of public

health events on green economic efficiency changes from

negative to positive as the intensity of environmental regulation

keeps increasing. That is, as the intensity of environmental

regulation increases, the cost of pollution treatment faced by

enterprises gradually increases, and the green preference of

the whole market gradually increases. As a result, the speed

of green transformation of enterprises accelerates, green R&D

investment increases, green investment increases, and green

economic efficiency keeps improving.

FIGURE 7

PHS→ GEE.

Heterogeneity analysis

Geographic heterogeneity

China is a vast country with uneven spatial development,

and there are large differences in green economic efficiency

and public safety between provinces (e.g., Figures 8, 9). The

impact of public safety on green economic efficiency may

also be heterogeneous among different regions. To explore

the regional heterogeneity of the impact of public safety

on green economic efficiency, this paper divides the 30

provinces studied into eastern, central, and western regions

according to the criteria of the three major economic zones of

China’s Seventh Five-Year Plan. The eastern region includes 11

provinces: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu,

Zhejiang, Fujian, Shandong, Guangdong, and Hainan; the

central region includes 8 provinces: Shanxi, Jilin, Heilongjiang,

Anhui, Jiangxi, Henan, Hubei, and Hunan; and the western

region includes 11 provinces: Guangxi, Sichuan, Chongqing,

Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang,

and Inner Mongolia. The individual fixed-effects models were

analyzed for the eastern, central, and western regions.

From Table 9, it is clear that the effect of public health

events on green economic efficiency is most significant in the

central part, followed by the eastern part, and not significant

in the western part. In the central part, the coefficient of the

effect of public health on green economic efficiency is−0.035

and is significant at the 1% level. In the east, the coefficient

of the effect of public health on green economic efficiency

is−0.017 and is significant at the 5% level. This indicates that the

impact of public health events on green economic efficiency is

geographically heterogeneous. The reason for the heterogeneity

may be that the central region is at the geographic center of

China, which is the intersection of people traveling from all

provinces and is densely populated. When a public event occurs,

the central region is most likely to be affected in terms of
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FIGURE 8

Green economic e�ciency in 30 Chinese provinces, 2011 to 2019.

geographic distance, and thus green economic efficiency is most

affected. This is followed by the eastern region. The eastern

region is not in the middle, but is close to the coast. While

being affected by security events in China, it is also affected

by worldwide public security events, which in turn affect green

economic efficiency. Lastly, the western region, which is deep

inland, lags in development, has a slowmovement of people, and

thus has a limited impact on green economic efficiency.

Carbon trading pilot heterogeneity

The original purpose of the carbon emissions tradingmarket

is to reduce pollution, and carbon trading has a significant

impact on emissions, which has been proved in theory and

practice (48–50). In the carbon trading pilot, the development

of enterprises in the area is more likely to lead to them

incorporating environmental protection into their corporate

development strategies due to emission rights restrictions.

Furthermore, the existence of the carbon trading pilot is to some

extent propaganda for the green viewpoint, and the residents

will reduce their consumption of high-pollution and high-

emission products. Because of better environmental protection

and sanitation, when a public health event occurs it has a

less negative impact on the area and has less of a hindering

effect on green economic efficiency. To explore the carbon

pilot heterogeneity of the impact of public safety on green

economic efficiency, this paper divides the provinces studied

into carbon trading pilot areas, Beijing, Shanghai, Tianjin,

Chongqing, Hubei, and Guangdong, according to the Notice

on Carrying out the Pilot Work of Carbon Emission Trading

issued by the National Development and Reform Commission

of China in October 2011. Non-carbon trading pilot areas

are Hebei Province, Shandong Province, Liaoning Province,

Heilongjiang Province, Gansu Province, Jilin Province, Qinghai

Province, Henan Province, Jiangsu Province, Hunan Province,

Zhejiang Province, Jiangxi Province, Yunnan Province, Fujian

Province, Hainan Province, Shanxi Province, Sichuan Province,

Shaanxi Province, Guizhou Province, and Anhui Province.

Individual fixed-panel regressions were conducted for carbon

trading pilot and non-carbon trading pilot regions, as shown

in Table 9. The effect of public safety on green economic

efficiency is significantly negative in non-carbon trading pilot

regions and insignificant in carbon trading pilot regions.

That is, the occurrence of public events has a significant

hindering effect on green economic efficiency in the non-

carbon trading pilot. In the carbon trading pilot, the effect of

public health event occurrence on green economic efficiency is

not significant.
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FIGURE 9

Public safety indicators for 30 Chinese provinces, 2011 to 2019.

TABLE 9 Heterogeneity of geographic location, carbon trading pilot, and tra�c level.

Variables East Central West Non-

carbon

pilot

Carbon

pilot

Underdeveloped

transportation

Moderately

developed

transportation

Well-developed

transportation

PHS −0.017** −0.035*** −0.002 −0.010 ** −0.001 −0.013 −0.005 −0.011**

−2.140 −4.430 −0.370 −2.300 −0.010 −1.650 −0.790 −2.270

C 1.028*** 0.917*** 1.374*** 0.897*** 0.533 0.833*** 0.951** 0.576*

3.760 3.880 4.690 6.180 1.720 3.360 2.260 1.870

Control

variables

YES YES YES YES YES YES YES YES

Individual

fixation

YES YES YES YES YES YES YES YES

Robustness

test

YES YES YES YES YES YES YES YES

R2 0.880 0.884 0.827 0.814 0.905 0.832 0.774 0.900

Quantity 99 72 99 216 54 90 90 90

* , ** , ***indicate significant at the 10, 5, and 1% levels, respectively.

Tra�c level heterogeneity

When a public safety incident occurs, the more convenient

the traffic is, the more extensive and faster the public safety

incident will be. In contrast, places with traffic congestion

also control the extent and speed of public safety events

to some extent because of the restricted time and distance

for the movement of people and goods. Therefore, the

impact of public health on green economy efficiency may
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TABLE 10 Robustness tests.

Replacement Substitution of core

regression model explanatory variables

Variables Model 1 Model 2 Model 3 Model 4 Model 5

PHS −0.009*** −0.012*** −0.076* −0.012*** −0.014***

−4.700 −3.490 −1.740 −3.070 −3.910

C 0.890*** 0.802*** 3.583 0.847*** 0.860***

3.980 5.770 0.970 6.370 6.400

Control variables YES YES YES YES YES

Individual fixation NO NO YES YES YES

Robustness test YES YES YES YES YES

R2 0.268 0.205 0.378 0.789 0.791

Quantity 270 270 270

* and ***indicate significant at the 10, 5, and 1% levels, respectively.

be different in regions with different traffic levels. In this

paper, individual fixed-panel regressions were conducted for

each of the 30 Chinese provinces and divided into three

groups: less-developed transportation, moderately developed

transportation, and developed transportation. The regression

results are shown in Table 9. It can be seen that the effect of

public safety on green economic efficiency is not significant in

both underdeveloped and moderately developed regions. The

coefficient of the effect of public safety on green economic

efficiency is−0.011 and significant at the 5% level in areas

with developed transportation. That is, the more developed the

transportation is, the stronger the hindering effect of public

safety events on green economic efficiency.

Robustness testing and endogeneity
treatment

This paper uses several methods to test the robustness of

the regression model. One is to perform a regression model

turnover; the second is to replace the core explanatory variables;

the third is to use the differential GMM method to address the

endogeneity problem.

Replacement regression model

To further verify the robustness of the conclusions of this

paper, the pool model and random effects model are added

to this paper, and the regression results are compared with

individual fixed panel methods to test the robustness of our

conclusions. The regression results of the models are shown for

Model 1 and Model 2 in Table 10. It can be seen that the effect

of public health on green economic efficiency is significantly

negative, which supports the previous conclusion.

Replacement of core variables

For the treatment of the explanatory variables, first, the

super-efficient SBM-DEA model was used to measure green

economic efficiency, and the results are shown inM3 in Table 10;

second, to exclude the interference of outliers, regressions were

conducted based on data from the 5 to 95% quartiles of green

economic efficiency and public safety indicators, and the results

are shown for M4 andM5 in Table 10. The above results indicate

that the effect of public health on green economic efficiency is

significantly negative, supporting the previous conclusion.

Endogeneity test

In order to solve the endogeneity problem caused by

bidirectional causality, this paper uses the systematic GMM

estimation method to test endogeneity. The validity of the

system GMM model setting depends on two preconditions:

first, the disturbance term has significant first-order sequence

autocorrelation; second, there is no second-order sequence

autocorrelation. This paper reports the second-order serial

autocorrelation test [AR(2) test] for all GMM regressions,

and performs Hansen or Sargan tests. The null hypothesis

of the serial autocorrelation test is that there is no serial

autocorrelation, and the null hypothesis of the Hansen test

and the Sargan test is that the instrumental variables satisfy

exogeneity. To ensure model validity, the AR(2) test, Hansen

test, or Sargan test with a P value greater than 0.05 is

required. The specific regression results of the endogeneity

test are shown in Table 11. The results of the autocorrelation

test for all models show that AR(1) and AR(2) are always

insignificant, and the first-order and second-order disturbance

terms are not autocorrelated, indicating that the random

terms of all models are not autocorrelated. The instrumental
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TABLE 11 Endogeneity test.

Variables Model 1 Model 2 Model 3 Model 4 Model 5

L.GEE 0.657*** 0.605*** 0.581*** 0.481*** 0.522***

174.020 119.390 31.990 14.470 10.650

PHS −0.003*** −0.004** −0.002*** −0.007** −0.006***

−36.060 −11.110 −2.060 −3.250 −2.980

GOV −0.147*** −0.444*** −0.600*** −0.637***

−2.070 −3.520 −2.020 −2.880

CON 0.004** 0.004*** 0.003***

3.300 3.600 3.020

OPE 0.204*** 0.158

12.170 4.640

PRI −0.004***

−0.850

C 0.315*** 0.367*** 0.361*** 0.448*** 0.441***

60.550 67.170 18.060 12.340 10.010

P-AR(1) 0.009 0.009 0.010 0.010 0.010

P-AR(2) 0.176 0.181 0.187 0.190 0.195

Sargan test 0.420 1.000 1.000 1.000 1.000

NUMBER 270 270 270 270 270

** , and ***indicate significant at the 10, 5, and 1% levels, respectively.

variables of each model pass the Sargan test, indicating that the

selection of instrumental variables is reasonable. In addition,

the estimated results of the main explanatory variables of the

models are consistent and significant with the direction of the

estimated coefficients of the benchmark model, further verifying

that public health can have a significant impact on green

economic efficiency.

Conclusions and insights

Conclusions and innovation points

Public health has been a topic of great concern, especially

in recent years. This article demonstrates whether there is an

impact on public health green economy efficiency and the role

of environmental regulation in achieving sustainable economic

development. In theory, the occurrence of public security

incidents will seriously hinder green economic efficiency.

This paper empirically tested the path and heterogeneity

of the impact of public health events on the efficiency of

the green economy by constructing a panel model and an

adjustment model.

The main conclusions of this paper are as follows: First,

public health events have a significant hindering effect on the

efficiency of the green economy. The occurrence of public

health events will hinder the development of tourism, reduce

the level of human capital, and hinder green investment, which

will significantly affect the efficiency of the green economy.

Second, environmental regulation plays a significant role in

regulating the impact of public health events on the efficiency

of the green economy. When a public security incident occurs,

the government strengthens the intensity of environmental

regulation to reduce the possibility of the recurrence of public

health crises. With the increase in the intensity of environmental

regulation, under the dual pressure of public crisis events

and government mandatory policies, enterprises will choose

green transformation, reduce pollutant emissions, and save

resources for the sustainable development of enterprises, thus

promoting green economic efficiency (34). Third, with the

increase in the intensity of environmental regulation, the

impact of public health events on the efficiency of the green

economy has changed from hindering to promoting. That is,

increased intensity of environmental regulation will speed up

the green transformation of enterprises, encourage investment

in green research and development, and continuously improve

the efficiency of the green economy. Fourth, the impact

of public health events on green economic efficiency is

heterogeneous in terms of geographic location, carbon pilot, and

transportation level.

There are three innovative points in this paper: First, it

constructs green economic efficiency indicators by building a

four-stage SBM-DEA model. Second, it explores the impact of

public health events on green economic efficiency from the

perspective of environmental regulation. Third, the impact of

public health events on green economic efficiency is explored

in terms of geographic location, carbon pilot, and traffic

level heterogeneity.

Insights

In the post-pandemic period, balancing economic

development and environmental protection is urgently

required. This paper provided the following insights: First,

when a public safety event occurs, the government should

quickly enter into prevention and control to stabilize the public

and build self-confidence to prevent a sharp decline in green

investment. Second, it is necessary to increase investment in

human capital and improve people’s physical resilience, and

prevent a significant decline in the level of human capital when

a public safety event occurs from hindering the efficiency of

the green economy. Third, the intensity of environmental

regulations should be increased in a reasonable way to

reduce the hindering effect of public health events on green

economic efficiency. Fourth, local governments should develop

appropriate policies based on local conditions, taking into

account local transportation levels, whether they are carbon

pilots or their geographical locations.
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Research limitations

There are also certain research limitations in this paper.

First, in the empirical part, it does not verify the transmission

mechanism by which public health events affect the efficiency

of the green economy through industrial structure, green

investment, and human capital level. In the follow-up research,

an intermediary model could be constructed to verify the

transmission mechanism of public health events affecting

green economic efficiency through industrial structure, green

investment, and human capital level. Second, this paper does

not discuss the spillover effect of public health events on the

efficiency of the green economy. Public health events may

affect the efficiency of the green economy in adjacent regions.

Subsequent research could explore the spillover effect of public

health events on green economic efficiency, and verify whether

there is a spillover effect through aspatial econometric model.
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With the aggravation of air pollution, the impact of air pollution on the stock

market, especially from the perspective of investor sentiment, has been of great

concern and widely discussed. Based on data from China’s A-share listed firms

from January 1, 2016, to December 31, 2020, the relationship between urban

air pollution and stock liquidity of listed firms and the internal mechanism is

examined. Firstly, based on local preference theory, we start by predicting the

impact of air pollution on stock liquidity. We, then, build a regression model

for air pollution and stock liquidity, introducing the intermediary e�ect model

to detect the relationship between the two and its mechanism. Finally, by

subdividing the samples, we discuss the di�erential impact of air pollution on

stock liquidity under di�erent circumstances. We found that when air pollution

worsens it reduces stock liquidity. The results of the mechanism analysis show

that investor sentiment plays an intermediary role in the process of air pollution

a�ecting stock liquidity, and pessimism induced by air pollution can reduce

stock liquidity. Heterogeneity test results show that there are di�erences in

the impact of air pollution on stock liquidity between heavily polluting firms

and non-heavily polluting firms, di�erent industries, di�erent city sizes, and

di�erent levels of air pollution, has a greater e�ect in non-heavily polluting

enterprises, manufacturing and other industries, medium sized cities and light

pollution. The results of this research have important reference value for

environmental protection departments to establish and improve air pollution

monitoring systems and for listed firms to improve stock liquidity and deal with

the environmental financial risks appropriately.

KEYWORDS

air pollution, air quality index, investor sentiment, stock liquidity, turnover rate

Introduction

The 18th National Congress of the Communist Party of China proposed to

vigorously promote the construction of ecological civilization. This strategic decision

assists the building of beautiful China and ensures the Chinese nation’s sustainable

and healthy development. It also reflects China’s firm belief in taking the initiative
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to lead the development trend for human civilization. In

recent years, China has successively implemented three

major action plans for the prevention and control of air,

water and soil pollution, continuously strengthened the

control of environmental pollution, improved the level of air

pollution supervision, and continuously improved the ecological

environment (1). At the same time, the problem of air pollution

is getting more and more attention. Numerous studies have

shown that air pollution can lead to negative psychological

and physiological reactions. For example, air pollution can

lead to increased incidents of respiratory disease, cardiovascular

disease, and increased use of emergency rooms (2–5). Landrigan

(6) identified air pollution as a major yet under-recognized

cause of non-communicable diseases. Glencross et al. (7)

demonstrated the association of known elevated environmental

pollution with asthma and chronic obstructive pulmonary

diseases. There is no doubt that air pollution damages physical

health. However, whether air pollution affects people’s mood and

thus stock market liquidity has not received sufficient attention.

Liquidity is the vitality of the securities market, and is an

important indicator of whether the stock market is functioning

well. Good liquidity not only helps to improve the efficiency of

resource allocation, but also guarantees the normal operation

of the stock market (8, 9). The deterioration of stock liquidity

means more stringent trading conditions in the secondary

market, resulting in only a fraction of stocks able to be

successfully traded, which leads to a loss in the attractiveness

of the stock market. In addition, illiquid markets are often

prone to liquidity crises, for example, the European monetary

system crisis in 1992, the Mexican peso crisis in 1994, the

Southeast Asian financial crisis in 1997, the U.S. subprime

mortgage crisis in 2008, the 1,000 share crash in China’s A-

shares in June 2015, and the four liquidity meltdowns in the

U.S. market on March 19, 2020, all resulted from deteriorating

stock liquidity (10). The importance of maintaining good

stock liquidity cannot be overstated. Moreover, in terms of

liquidity costs, although China’s stock market liquidity has

improved significantly in the last decade, there is still a gap with

international markets. Therefore, the study of stock liquidity is

of great practical importance.

Air pollution has been shown to have an impact on stock

performance, and the vast majority of studies have concluded

that air pollution significantly reduces stock market returns.

On one hand, air pollution in stock exchange locations is

negatively associated with market index returns (11), on the

other hand, the stock liquidity of firms located in heavily

polluted cities is more vulnerable to air pollution (12–14).

Academic opinions on the impact of air pollution on the

stock market can be summarized as follows: One view is

that air pollution acts on the stock market by affecting the

emotions of stock exchange traders (15). Another view is that

air pollution negatively affects investors’ emotions, changes

investors’ propensity to trade or reduces trading frequency, and

affects stock liquidity (14). This view can also be explained

by psychological theories, with the psychological literature

founding that environmental factors affect emotions, and that

emotions influence thinking, judgment, and decision making

(16, 17). Specifically, in complex decision situations involving

risk and uncertainty, investors in negative states of mind are

more pessimistic about stock pricing than investors in a neutral

state of mind, while investors in a positive state of mind

are more optimistic about stock pricing. Given that social

interactions are an important aspect of the decision-making

process, society’s general optimism or pessimism is transmitted

through such interactions and influences the decisions of

all investors, including stock investments (18). When in an

environment of severe air pollution, investors are prone to low

mood and are more pessimistic about stock pricing, raising their

propensity to sell stocks.

Although some scholars have proved that air pollution can

affect stock return, few studies have explored the impact of

air pollution on stock liquidity. Although some studies discuss

the relationship of air pollution and stock liquidity, they have

not clarified the impact mechanism of air pollution on stock

liquidity. We use the data of China from 2016 to 2020 to

explore the following issues: whether the air pollution affects

the stock liquidity, how the air pollution affects the stock

liquidity, and whether the relationship between air pollution

and stock liquidity changes under different circumstances. This

study contributes to the existing literature in a number of ways.

Firstly, based on the micro perspective, we expands the existing

research on the economic consequences of air pollution, and

further provides evidence for the impact of air pollution on

the stock market from the perspective of behavioral finance.

Secondly, it not only enriches research on the influencing

factors of stock liquidity, but also provides decision-making

reference for enterprises on how to better deal with and resolve

stock liquidity risks, and provides basis for the government

to implement differentiation policies. Thirdly, this study has

made contributions to public health and environmental health.

This study will enable the public to understand the causes of

emotional changes and increase their attention to air pollution,

and take timely measures to regulate psychological emotions,

prevent and reduce the impact of air pollution on people’s

physical health. This study provides a new empirical evidence for

the role of air pollution, public health and the stock market. The

financial market is crucial to a country’s economic development,

which shows that air pollution is not only an important social

problem, but also an economic problem. Whether from a

social or economic point of view, government departments

will consider strengthening the prevention and control of

environmental pollution, strive to improve environmental

pollution to the greatest extent. In the rest of the paper Section

Air pollution and stock liquidity in China discusses air pollution

and stock liquidity in China, Section Methodology contains the

methodology and data, Section Results and discussion gives the
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results and discussion, and Section Conclusion and implications

presents the conclusion and implications of study.

Air pollution and stock liquidity in
China

Figure 1 shows the trend of stock liquidity of sample

companies from 2016 to 2020. As seen in Figure 1, on the

whole, the liquidity of the sample companies in each period

has numerous differences and a large fluctuation range, and this

increases greatly at the beginning of each year, but it is still at

a low level. At the beginning of 2016, stock liquidity gradually

declined and became worse. Stock liquidity showed a downward

trend from 2016 to 2018. Equity liquidity has improved since the

beginning of 2019, with less volatility in equity liquidity in 2020.

Figure 2 shows the change trend of air pollution from 2016

to 2020. According to Figure 2, generally speaking, there is a

large gap in air pollution during the year, and the air pollution at

the beginning of each year is relatively serious, at a high level.

Figure 3 describes the evolution of stock liquidity of listed

companies in various prefecture-level cities in China over

time. Generally speaking, the stock liquidity of the enterprises

has improved during this period. The stock liquidity of the

companies in the central region at the beginning of 2016 and

2017 was at a low level, and the stock liquidity of most regions in

2018 was better. In 2019, the stock liquidity of enterprises located

in Shandong Province and the southern part of Shanxi Province

was at a low and medium level. In 2020, the stock liquidity of

enterprises in various regions was significantly improved.

Figure 4 describes the evolution of air pollution conditions

in various prefecture-level cities in China over time. According

to Figure 4, on the whole, air pollution in sample cities improved

significantly from 2016 to 2020. In 2016 and early 2017, there

were still serious pollution areas (AQI>300), concentrated in

central China. In 2018, the air quality was good, and there were

no seriously polluted areas. The AQI of most prefecture-level

cities was in the range of 0–150, showing mild pollution. In

2019, a small number of prefecture-level cities were seriously

polluted, mainly in southern Shanxi and Shandong provinces.

In 2020, air pollution in prefecture-level cities improved, with

no severely polluted areas. Compared with 2019, the range

of severely polluted areas (201<AQI<300) was significantly

reduced. Comparing Figures 3, 4, we can find that the areas with

serious air pollution are generally consistent with the areas with

low stock liquidity.

Methodology

Model

In order to investigate the relationship between urban

air pollution status and stock liquidity of listed firms, We

constructed the following regression model.

TurnRi,t,d = α + β0AQIi,d,c + β1CSId + β2AREDi + γEXDi

+ η1Monday+ λ1Month+ Year + City+ φi

+ εi,t,d (1)

Where, TurnRi,t,d is dependent variable, representing the

stock turnover rate of firm i on day d of year t, α is a constant

term, the core explanatory variable AQIi,d,c is the air quality

index of city c where firm i is located on day d, which is

used to measure the local air pollution condition, and β0 is its

FIGURE 1

Stock liquidity trends from 2016 to 2020.
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FIGURE 2

Air pollution trends from 2016 to 2020.

FIGURE 3

(A–E) Spatio-temporal evolution of corporate stock liquidity in di�erent regions of China.

regression coefficient. The control variable CSId represents the

return of the CSI 300 index on day d. AREDi is the annual

report announcement date of listed firm i. The variable is set

to 1 if the day is the annual report announcement date, and 0

otherwise. EXDi is the ex-dividend and ex-rights date of listed

firm i. The variable is set to 1 if the day is the ex-dividend and

ex-rights date, and 0 otherwise, and γ is its effect coefficient. In

addition, Monday represents the Monday effect, Month is the

month effect, Year, City, and Φi represent year, city, and firm

fixed effects, respectively, and εi,t,d is the random disturbance

term. This model focuses on the coefficient β0 of AQIi,d,c.

In this study, we select five control variables: Daily return

of CSI 300 index (CSI), Annual Report Announcement Date

(ARED), Ex-dividend and ex-rights Date (EXD), Monday Effect

and Month Effect. The coefficient of CSI, ARED, Monday Effect

and Month Effect are expected to be positive. However, the

coefficient of EXD is expected to be negative. The reasons

are as follows, the overall market characteristics, such as the

market rate of return, will affect the level of stock liquidity

(19). The daily rate of return of the Shanghai and Shenzhen

300 index is selected to represent the market rate of return.

The research results of Chen et al. (20) show that the trading
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FIGURE 4

(A–E) Spatio-temporal evolution of air pollution in di�erent regions of China.

volume on the day of publication of the annual report is

1.75 times of the average annual trading volume. Chen and

Chen (21) also found that when the company announced its

annual report, the stock trading volume increase significantly.

In order to obtain dividends or reduce tax burden, investors

will choose to conduct stock trading activities before or after the

ex-dividend date (22). In addition, due to the cumulative effect

of weekend information, there are more informed traders and

private information in the market onMonday (23). OnMonday,

investors will conduct stock trading whether they guess the good

news and gain profits, or when there is bad news and loss or news

vacuum (24). Fan and Dong (25) found that Chinese investors

tend to chase stocks with good market performance in March,

and tend to get rid of stocks with poor market performance in

December, which will increase the trading frequency in March

and December.

The turnover rate can be obtained by Equation (2),

given below.

TurnRitd =
VOLitd
LNSitd

∗ 100 (2)

where TurnRitd is the turnover rate of stock i on day d of year

t, representing the stock liquidity on that day, VOLitd is the

number of shares traded in stock i on day d of year t, and

LNSitd is the number of shares outstanding in stock i on day

d of year t. The larger the value of the turnover ratio, the more

frequently a stock changes hands, and the more liquid the stock

is. Smaller values of the turnover ratio are multiplied by 100 for

ease of measurement.

In order to explore the path of its action mechanism, the

mediating effect model was constructed to test whether investor

sentiment is an intermediate bridge for air pollution to affect

stock liquidity. The mediation effect is composed of model (3)

to model (5).

TurnRi,t,d = α + β0AQIi,d,c + β1CSId + β2AREDi + γEXDi

+ η1Monday+ λ1Month+ Year + City+ φi

+ εi,t,d (3)

InvSd = α1 + β3AQIi,d,c + β4CSId + β5AREDi + γEXDi

+ η2Monday+ λ2Month+ Year + City+ φi

+ εi,t,d (4)

TurnRi,t,d = α2 + β6AQIi,d,c + β7InvSd + β8CSId (5)

+ β9AREDi + γEXDi + η3Monday

+ λ3Month+ Year + City+ φi + εi,t,d

where TurnRi,t,d is the turnover rate of firm i on day d in

year t, AQIi,d,c is the air quality index of city c where firm i is

located on day d. As a proxy variable for air pollution, InvSd
represents investor sentiment on day d, which is measured by

choosing the Advance Decline Line index (hereinafter referred

to as “ADL”), Arms index (also known as TRIN, Short-term
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Trading Index, hereinafter referred to as “ARMS”), and Guba

comment sentiment (Sent). The meanings of other variables

remain unchanged. The investor sentiment of Guba can be

obtained by Equation (6), given below.

Senti,t,d = ln



1+
D

∑

d=1

Npost,itd/1+
D

∑

d=1

Nneg,itd



 (6)

Where: Npost,itd is the number of positive sentiment posts

appearing in the Eastmoney Guba on day d of stock i in year t;

Nneg,itd is the number of negative sentiment posts appearing in

the Eastmoney Guba on day d of stock i in year t.

Hypothesis

H1: Air pollution will have a negative impact on stock

liquidity

Air pollution has always been the research hotspot all over

the world. Many studies in this area show its importance. In

recent years, the impact of air pollution on stocks has also been a

major concern. Some empirical studies discuss the relationship

between air pollution and stock liquidity. Wu et al. (14) suggest

that severe air pollution reduces local stock returns, liquidity

and volatility. The air pollution effect is more pronounced

for stocks that are difficult to value and arbitrage, and air

pollution also reduces firm-level liquidity. Li and Wang (26)

state that air quality index is not significantly associated with

stock returns, but has an effect on turnover rates. We apply

the fixed effect model to predict the relationship between two

variables of interest.

H1: Changes in investor sentiment caused by air pollution

can reduce stock flows. The more severe air pollution is,

the more negative investor sentiment is, and stock liquidity

becomes less liquid

The most important characteristic of investors as economic

actors in the securities market is their investment decisions

(27). According to the local preference theory, in China’s capital

market, investors’ familiarity with and overconfidence in local

stocks will lead to behavioral bias, and they choose to buy

more shares of local companies when allocating funds (28). It

is widely accepted in academia that air pollution acts on stock

markets by altering investor sentiment. Levy and Yagil (11) argue

that air pollution leads to negative investor sentiment and risk-

averse behavior, resulting in a negative correlation between air

pollution and stock returns. Zhang et al. (12) found that hazy

weather acts on the stock market through investor sentiment in

themarket. Xu (13) points out that air pollution impairs investor

sentiment and increases risk aversion, leading to a decline in

stock prices. Li and Wang (26) argue that air pollution acts on

stock returns mainly through altering investors’ sentiment and

authorities’ policymaking, which leads to stock market volatility.

Wu et al. (14) suggest that air pollution is one of the factors

contributing to pessimism and that severe air pollution reduces

local stock returns, liquidity, and volatility. Shi and Guo (29)

examine the effect of haze pollution on stock performance,

showing that haze pollution has a significant negative effect on

stock returns and a significant positive effect on stock volatility,

where the influence channel is investor sentiment. We test this

hypothesis by applying the mediation effect model.

H1: The impact of air pollution on stock liquidity is more

significant in heavy polluting enterprises, manufacturing and

other industries, large cities and light air pollution

Air pollution forces the government to introduce some

environmental policies, which affects investors’ strategies,

especially in China’s A-share market (30). Compared with other

industries, heavily polluting enterprises and manufacturing

industries face stricter external supervision and policy

constraints. In this case, the impact of air pollution on stock

liquidity change. In addition, big cities with large populations

and factories have worse air quality, all things being equal.

Studies have shown that different degrees of air pollution have

different effects on emotions (31). Therefore, we consider using

grouping experiments to test the different effects of air pollution

on stock liquidity under different conditions.

Data

We selected Chinese A-share listed companies from January

1, 2016 to December 31, 2020 as the research sample, and

the data involved included air pollution, stock liquidity index,

return rate of Shanghai Shenzhen 300 index [the CSI 300 Index),

annual report announcement days, ex-dividend and ex-right

dates. The data of stock liquidity, CSI 300 index return, annual

report release date and ex-dividend and ex-right dates are from

CSMAR database and RESSET database. The air pollution data

are from the official website of China Meteorological Bureau.

Excluding ST, ∗ST companies and companies with serious data

deficiency, we finally get 853437 observations. Definitions of

variables and descriptive statistics of variables are given in

Table 1.

In this study, the air quality index is used to measure air

pollution. Turnover rate is used to measure stock liquidity.

We use other determinants as control variables, such as the

daily yield of the CSI 300 index, the announcement date of

the annual report, the ex-dividend and ex-right dates, the

Monday effect and the month effect, and add the year, city and

enterprise dummy variables. ADL index and ARMS index are

used to measure investor sentiment. The ADL indicator is the

increase minus the decrease of the stock market on a given

day. The ARMS indicator indicates the proportional relationship

between the number of rising and falling stocks. In addition,

in the participation and communication of the stock forum,

people tend to choose geographical location to participate in
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TABLE 1 Variable definition and descriptive statistics.

Variables Number Minimum Maximum Average Std. dev. Definition

Descriptive statistics of continuous variables

Turnover rate 853,437 0.0020 70.9508 1.6991 2.4743 The frequency with which stocks change

hands in the market during a certain

period of time.

AQI 853,437 12 500 79.0079 42.5131 AQI describes how clean or polluted the

air is and measures the air pollution in a

city over a period of time

CSI 853,437 −0.0821 0.0578 0.0002 0.0126 Daily return of CSI 300 index

ADL 853,437 −2668 2806 −7.2002 1291.885 ADL is used to measure investor

sentiment

ARMS 853,437 0.1957 5.9168 0.9306 0.4593 ARMS is used to measure investor

sentiment

Guba posting sentiment 848,576 −4.0431 5.1762 0.2586 0.7522 Eastmoney Guba posting sentiment,

used to measure investor sentiment

Amihud 853,437 0 479.8357 0.0331 0.5449 Amihud is an inverse measure of stock

liquidity

Vaule = 1 Vaule = 0

Variables Total number Number % Number % Definition

Descriptive statistics of categorical variables

Annual report announcement date 853,437 2,209 0.26% 851,228 99.74% Dummy variable, set to one on the day

of annual report announcement, zero

otherwise

Ex–dividend and ex–rights date 853,437 2,480 0.29% 850,957 99.71% Dummy variable, set to one on

ex–dividend and ex–rights day, zero

otherwise

Month effect 853,437 153,865 18.03% 699,572 81.97% Dummy variable, set to one when

month is March or December, zero

otherwise

Monday effect 853,437 167,216 19.59% 686,221 80.41% Dummy variable, date set to one for

Monday, zero otherwise

specific discussion topics, and investors are more likely to

participate in the exchange of local stock information (32). The

sentiment of the stock forum to a large extent represents the

sentiment of local investors. Therefore, we also regard stock bar

comment sentiment as an indicator of investor sentiment. The

analysis data was collected from the CSMAR database, the China

Meteorological Network and the CNRDS database.

Results and discussion

This section introduces the results of the regression model.

Table 2 shows the benchmark regression results. Tables 3–6 show

the results based on the impact of air pollution on stock liquidity

under different circumstances. Table 7 shows how air pollution

affects stock liquidity.

Benchmark regression

Table 2 presents the regression results between the stock

turnover rate and the AQI of the city where it is located. Column

(1) of Table 2 does not include control variables, but includes

annual fixed effect, urban fixed effect and individual fixed effect.

Column (2) includes all control variables, but includes annual

fixed effect and individual fixed effect, and does not control

urban fixed effect. Column (3) adds all control variables, but

adds urban fixed effect and individual fixed effect, and does

not control annual fixed effect. Column (4) adds all control
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TABLE 2 Baseline regression of turnover rate and air pollution.

(1) (2) (3) (4)

Variables Turnover rate Turnover rate Turnover rate Turnover rate

AQI −0.0003*** −0.0004*** −0.0006*** −0.0004***

(6.01e−05) (6.01e−05) (6.06e−05) (6.01e−05)

CSI – 1.210*** 1.845*** 1.210***

(0.1870) (0.190) (0.1870)

Annual report announcement date – 0.555*** 0.399*** 0.555***

(0.0462) (0.0470) (0.0462)

Ex–dividend and ex–rights date – −0.0411 −0.199*** −0.0411

(0.0436) (0.0444) (0.0436)

Monday effect – 0.0159*** 0.0218*** 0.0159***

(0.0059) (0.0060) (0.0059)

Month effect – 0.0668*** 0.0787*** 0.0668***

(0.0061) (0.0062) (0.0061)

Constant term 2.337*** 2.324*** 1.725*** 2.324***

(0.0073) (0.0074) (0.0056) (0.0074)

Year effect Yes Yes No Yes

City effect Yes No Yes Yes

Individual effects Yes Yes Yes Yes

Observations 853,437 853,437 853,437 853,437

*** shows significance at 1%; Standard errors are in parentheses.

TABLE 3 Heavily polluting and non–heavily polluting firms.

Variables Non–heavily Heavy

polluting firms polluting firms

AQI −0.0005*** −0.0002**

(8.05e−05) (8.99e−05)

CSI 1.7310*** 0.4630*

(0.251) (0.2800)

Annual report announcement date 0.5290*** 0.5910***

(0.0623) (0.0682)

Ex–dividend and ex–rights date −0.0560 −0.0177

(0.0586) (0.0647)

Monday effect 0.0059 0.0302***

(0.0080) (0.0088)

Month effect 0.0975*** 0.0227**

(0.0082) (0.0091)

Constant term 2.3700*** 2.2590***

(0.0100) (0.0111)

Year effect Yes Yes

City effect Yes Yes

Individual effects Yes Yes

Observations 503,051 350,386

***, * *, * show significance at 1%, 5%, and 10% respectively; Standard errors are

in parentheses.

variables and controls annual fixed effect, urban fixed effect and

individual fixed effect. In Columns (1) to (4), we can see that

the negative impact of the air quality index on the turnover

rate of individual stocks is significant at the level of 1%, which

means that air pollution has significantly reduced the stock

liquidity of listed companies. In Column (4), the coefficient of

AQI is −0.0004, which is significant at the significance level

of 1%, which indicates that the turnover rate of individual

shares of listed companies will decrease by 0.0004 units for

each unit of AQI increase. In other words, the aggravation of

air pollution will lead to the deterioration of stock liquidity of

listed companies. A possible reason for this phenomenon is that

investors exposed to air pollution tend to be depressed, and they

are more pessimistic about stock pricing, and risk aversion and

unwillingness to trade stocks are higher with more serious air

pollution (33–36). This, results in lower stock trading frequency,

with poor stock liquidity (37). The daily yield of the CSI 300

index is significantly positively correlated with the turnover rate.

The coefficient of CSI is 1.210, which means that the stock

liquidity of listed companies will increase by 1.210 units for

every unit of CSI increase. The possible reason for this result

is: when the daily yield of the CSI 300 index is at a high level,

it represents an upward market trend, investors have a higher
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TABLE 4 Test for di�erent industries.

Industry B C D E F G I J K N

Variables Turnover Turnover Turnover Turnover Turnover Turnover Turnover Turnover Turnover Turnover

AQI −0.0002 −0.0005*** 0.0008*** −0.0006*** 8.84e−05 −0.0004** −0.0007** −9.62e−05 −0.0007*** 0.0003

(0.0002) (8.65e−05) (0.0002) (0.0002) (0.0002) (0.0002) (0.0003) (0.0001) (0.0002) (0.0005)

CSI 0.0727 1.201*** 0.196 0.980 0.416 −0.310 4.084*** 3.036*** 2.006*** 0.477

(0.835) (0.263) (0.519) (0.733) (0.586) (0.523) (1.081) (0.512) (0.666) (1.129)

Annual report announcement date 0.450** 0.647*** 0.251* 0.159 0.379** 0.191 0.738*** 0.104 0.442** 0.502*

(0.202) (0.0639) (0.132) (0.191) (0.149) (0.139) (0.259) (0.130) (0.175) (0.284)

Ex–dividend and ex–rights date −0.0868 −0.0766 −0.141 0.113 0.0404 −0.0322 0.300 0.00981 0.0403 0.0802

(0.183) (0.0615) (0.124) (0.169) (0.139) (0.118) (0.253) (0.109) (0.155) (0.265)

Month −0.101*** 0.0609*** 0.0874*** 0.00855 0.132*** 0.0657*** 0.107*** 0.0276* 0.0662*** 0.122***

(0.0272) (0.0086) (0.0169) (0.0239) (0.0191) (0.0171) (0.0352) (0.0167) (0.0217) (0.0369)

Monday 0.0802*** 0.0115 0.0167 0.0179 0.0172 0.0249 −0.0148 0.0544*** 0.00597 0.0681*

(0.0263) (0.00831) (0.0164) (0.0232) (0.0185) (0.0165) (0.0341) (0.0162) (0.0210) (0.0356)

Year Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

City Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Individual Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Constant term 2.190*** 2.210*** 0.724*** 3.084*** 2.429*** 1.011*** 3.399*** 0.768*** 5.123*** 1.971***

(0.0548) (0.0686) (0.0413) (0.0455) (0.0507) (0.0377) (0.0919) (0.0365) (0.0543) (0.0670)

Observations 24,197 519,439 41,108 18,175 49,616 31,409 43,568 31,513 43,608 13,284

***, **, *indicate significant at the 1%, 5%, and 10% levels, respectively; Standard errors are shown in parentheses. Same as below; B, C, D, E, F, G, I, J, K and N respectively represent the Mining industry, Manufacturing industry, Electricity, heat, gas and

water production and supply industry, Construction industry, Wholesale and retail trade industry, Transportation, storage and postal industry, Information transmission, software and information technology services industry, Financial industry, Real

estate industry, Water, environment and public facilities management industry.
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TABLE 5 Test for di�erent city sizes.

Variables Small Medium– Large

cities sized cities

cities

AQI 0.0021*** −0.0005* −0.0004***

(0.0007) (0.000273) (6.11e−05)

CSI 1.1320 2.3660*** 1.1320***

(1.9290) (0.8550) (0.1900)

Annual report announcement date 0.2310 0.7340*** 0.5480***

(0.4740) (0.2090) (0.0470)

Ex–dividend and ex–rights date −0.2670 −0.0794 −0.0390

(0.5280) (0.2000) (0.0442)

Monday effect 0.0149 0.0095 0.0164***

(0.0610) (0.0267) (0.0060)

Month effect −0.2990*** 0.0233 0.0770***

(0.0629) (0.0276) (0.0062)

Constant Term 3.2910*** 2.7100*** 2.265***

(0.0734) (0.0336) (0.0076)

Year effect Yes Yes Yes

City effect Yes Yes Yes

Individual effects Yes Yes Yes

Observations 15,692 53,622 784,123

***, * show significance at 1%, 10%; Standard errors are in parentheses.

buying tendency and stock liquidity is improved. The coefficient

of the annual report release date is 0.555, which is significantly

positive at the level of 1%. The annual report announcement is

positively related to the turnover rate. This indicates that the

stock liquidity will be improved on the day when the listed

company releases the annual report. The reason is that investors

understand the annual operating conditions of listed companies

on the announcement date of the annual report, and will react by

buying or selling stocks in the short term, resulting in changes in

the liquidity of individual stocks. At the same time, The Monday

effect coefficient is 0.0159, which is positive at the level of 1%,

indicating that the Monday effect is positively related to the

stock turnover rate, that is, compared with other working days,

the company’s stock trading frequency is higher on Monday.

The possible reason for this phenomenon is: investors will make

stock trading decisions more frequently on Monday after two

days of paying attention to and analyzing the impact of weekend

market news on the stock price of listed companies, resulting in

changes in the liquidity of individual stocks. The coefficient of

the month effect is 0.0668, which is significantly positive at the

level of 1%, indicating that the month effect is positively related

to the stock liquidity. Compared with other months, the stock

liquidity of listed companies is better in March and December,

indicating that investors will trade stocks more frequently at the

beginning of the spring and at the end of the year.

TABLE 6 Test for di�erent air pollution levels.

Variables Light air Severe air

pollution pollution

AQI −0.0005*** 0.0013

(6.51e−05) (0.00107)

CSI 1.2350*** −7.195

(0.187) (5.195)

Annual report announcement date 0.5550*** 0.720

(0.0461) (1.679)

Ex–dividend and ex–rights date −0.0404 0.142

(0.0435) (2.048)

Monday effect 0.0159*** 0.124

(0.00591) (0.199)

Month effect 0.0690*** −0.5160***

(0.0061) (0.182)

Constant term 1.1780*** 1.7740**

(0.0623) (0.860)

Year effect Y Y

City effect Y Y

Individual effects Y Y

Observations 851,238 2,199

***, ** show significance at 1%, 5%; Standard errors are in parentheses.

Heavily polluting and non-heavily
polluting firms

As the public and government pay closer attention

to air pollution, environmental regulations, and industrial

policy adjustments, some investors may prefer to invest

in environmentally friendly firms and sell off the stocks

of heavily polluting firms. Therefore, we considers the

existence of heterogeneity between heavily polluting and non-

heavily polluting firms. According to the catalog of classified

management of environmental protection verification industry

of listed enterprises (HBH [2008] No. 373) published by

the Ministry of Environmental Protection of China in 2008,

heavily polluting industries are merged into the following eight

categories: mining industry; textile, clothing, leather and wool

industry; metal smelting industry; petrochemical and plastic

industry; food and beverage industry; hydropower and gas

industry; biomedicine industry; paper and printing industry.

Using the above classification standards, we divide the sample

companies into heavily polluting and non-heavily polluting

companies according to their main businesses.

Table 3 presents the regression results for the heavily

polluting and non-heavily polluting firms in Columns (1)

and (2), respectively. The regression coefficients of the air

quality index are significantly negative at the 1% and 5%
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TABLE 7 Stock liquidity, investor sentiment and AQI.

(1) (2) (3) (4) (5) (6)

Variables ADL ARMS Sent Turnover rate

AQI −0.5380*** −0.0002*** −7.77e−05*** −0.0003*** −0.0004*** −0.0004***

(0.0233) (1.17e−05) (2.01e−05) (6.01e−05) (6.01e−05) (6.00e−05)

ADL – – – 3.17e−05*** – –

(2.80e−06)

ARMS – – – – −0.0242*** –

(0.0056)

Sent – – – – – −0.0191***

(0.0032)

CSI 78,036*** 14.19*** 3.0340*** −1.263*** 1.5540*** 1.2440***

(72.40) (0.0363) (0.0625) (0.288) (0.2030) (0.1870)

Annual report announcement date −77.20*** 0.0344*** 0.1230*** 0.557*** 0.5560*** 0.5550***

(17.86) (0.0090) (0.0154) (0.0462) (0.0462) (0.0459)

Ex–dividend and ex–rights date −8.032 0.0124 0.0413*** −0.0409 −0.0408 −0.0381

(16.85) (0.0085) (0.0145) (0.0436) (0.0436) (0.0434)

Monday effect 184.1*** 0.0514*** −0.0466*** 0.0101* 0.0171*** 0.0150**

(2.2850) (0.0012) (0.0020) (0.00593) (0.0059) (0.0059)

Month effect 69.93*** 0.0649*** −0.0337*** 0.0646*** 0.0684*** 0.0694***

(2.3610) (0.0012) (0.0020) (0.00611) (0.0061) (0.0061)

Constant term 87.96*** 0.944*** 0.2570*** 2.322*** 2.3470*** 2.2980***

(2.8780) (0.0014) (0.0025) (0.00744) (0.0091) (0.0075)

Year effect Yes Yes Yes Yes Yes Yes

City effect Yes Yes Yes Yes Yes Yes

Individual effects Yes Yes Yes Yes Yes Yes

Observations 85,437 853,437 848,576 853,437 853,437 848,576

***, **, * show significance at 1%, 5%, and 10% respectively; Standard errors are in parentheses.

levels, respectively. The coefficient of AQI is−0.0005 in non-

heavy pollution companies and−0.0002 in heavily polluting

companies. The estimate of AQI on stock turnover rate for non-

heavily polluting firms was higher than that of heavily polluting

firms. According to the judgment method proposed by Schenker

and gentleman (38), in non-heavily polluting companies, air

pollution has a greater impact on stock liquidity.

Possible reasons for this are that with the increase in

air pollution, people began to pay more attention to stocks

of environmental protection firms and less attention to

firms causing heavy pollution. Coupled with the introduction

of relevant national environmental policies, investors are

optimistic about the prospects of environmental protection

firms, tending to sell stocks of polluting firms and hold

stocks of environment protection firms. Investors who are not

originally negative about, or less likely to trade stocks of heavy

polluters will more often decide to trade stocks of non-heavy

polluters rather than heavy polluters, even though they could be

influenced in their decision making by the negative sentiment

brought by air pollution. Investors mostly face the problem

of making stock investment decisions in non-heavily polluting

firms, which leads to a greater decline in the frequency of stock

trading in non-heavily polluting firms than in heavily polluting

firms. Thus, compared with heavily polluting companies, the

impact of air pollution on stock liquidity is greater in non-

heavily polluting companies.

Di�erent industries

The industry attributes of firms may affect the impact of

air pollution on the liquidity of individual stocks. The industry

classification guidelines for listed companies issued by the

China Securities Regulatory Commission (CSRC) in 2012. The

industries are specifically classified as follows: A represents

agriculture, forestry, animal husbandry and fishery, B represents

the mining industry, C stands for manufacturing industry, D

represents the production and supply of electricity, heat, gas and

water, E stands for construction industry, F means wholesale

and retail, G means transportation, storage and postal services,

H means accommodation and catering industry, I refers to

information transmission, software and information technology
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services, J represents the financial industry, K represents the

real estate industry, L represents leasing and business services,

M stands for scientific research and technical services, N

refers to water conservancy, environment and public facilities

management, O refers to resident services, repair and other

services, P refers to education, Q refers to health and social

work, R refers to culture, sports and entertainment, S refers to

synthesis. Therefore, the sample firms were classified according

to industry classification guidelines for listed firms revised by the

Securities and Futures Commission in 2012, and the regressions

are conducted separately for different industries. To ensure the

accuracy of the regression results, industries with <10 listed

firms were excluded.

Table 4 presents the regression results of air pollution on

stock liquidity for major industries. In general, air pollution

has a negative impact on the liquidity of listed firms’ stocks.

In five industries (manufacturing; construction, transportation,

storage and postal services; information transmission, software

and information technology services; and real estate). Among

them, air pollution has a greater impact on stock liquidity,

because their AQI coefficient is larger than that of the other four

industries. In the mining and financial industries, air pollution

also has a negative impact on stocks liquidity. One possible

reason is that the production activities of these industries create

more emissions, and changes in air pollution are closely related

to this.

Small cities, medium cities and large
cities

The waste generated by residents in their daily lives is

one of the major sources of air pollutants. Usually, the larger

the city size and the larger the urban population, the more

waste is generated by residents’ daily life. Therefore, the paper

considers whether there is heterogeneity among different city

sizes. City size was measured by city population at the end

of the year, cities with a population of <500,000 are small

cities, between 500,000 and 1,000,000 medium cities, and more

than one million are large cities. The full sample is divided

into three sub-samples according to the above criteria: small

city sample, medium city sample, and large city sample, and

regressions were conducted to examine the heterogeneity of

different city sizes.

Table 5 examines whether there is heterogeneity across city

sizes in the effect of air pollution on stock liquidity based on

grouped regressions for samples of different city sizes. The

regression results for the small city sample show that the

positive relationship between air pollution on stock liquidity

is significant at the 1% level. The AQI coefficients of the

air quality index are significantly negative at the 10 and 1%

levels for the medium and large city samples, respectively. It

indicates that city size does affect the negative relationship

between air pollution and stock liquidity. Among them, the

AQI coefficient in the medium-sized cities is −0.0005, and

the AQI coefficient in the large-sized cities is −0.0004, which

indicates that the effect estimate in the medium-sized cities

is higher. The results in Table 5 indicate that air pollution

has a greater impact on stock liquidity in medium-sized

cities.

The possible reason for this phenomenon is that although

the population of medium-sized cities is less than that of large

cities, most of them are located in the central region. The

factories originally located in large cities along the eastern coast

have been transferred to medium-sized cities in the central

region. The exhaust gas generated by these factories causes

serious air pollution and has a negative impact on investor

sentiment. Finally, pessimism leads to less stock trading activity

and poor stock liquidity.

Mild air pollution and severe air pollution

The air pollution phenomenon is common, and people

who have been in a polluted air environment for a long time

may become accustomed to it and insensitive to changes in

air pollution conditions, which will not trigger changes in

investor sentiment and avoid irrational stock trading behavior,

i.e., different degrees of air pollution may have different

effects on stock liquidity. Therefore, we consider whether

there is heterogeneity in different air pollution levels. Taking

AQI equal to 300 as the boundary, AQI >300 is classified

as heavy air pollution, and <300 as light air pollution.

The full sample was divided into two subsamples of light

air pollution and heavy air pollution, and regressions were

conducted separately.

Table 6 presents the heterogeneity test for different levels

of air pollution. We can see that air pollution has a

significant effect on stock liquidity at light air pollution

levels, the regression results are not significant at heavy

air pollution levels. This indicates that in the light air

pollution samples, air pollution has a negative impact on stock

liquidity.

The possible reason for this phenomenon is a matter

of investors’ habits. As the phenomenon of air pollution

is becoming more common, people become used to

air pollution when they are in a severely air polluted

environment for a long time; therefore, they do not react

promptly to changes in air quality and it does not affect

investors’ sentiment. However, when people are in a lightly

polluted environment, investors are more sensitive to air

pollution conditions, and smaller changes in air quality

are likely to trigger changes in investor sentiment, thus

affecting stock trading behavior and leading to changes in

stock liquidity.
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TABLE 8 Regression results of Amihud on AQI.

Variables Amihud Amihud Amihud Amihud

AQI 2.46e−05 2.60e−05* 1.83e−05 2.60e−05*

(1.51e−05) (1.51e−05) (1.50e−05) (1.51e−05)

CSI – −0.713*** −0.750*** −0.7130***

(0.0470) (0.0469) (0.0470)

Annual report announcement date – −0.000997 0.00139 −0.0010

(0.0116) (0.0116) (0.0116)

Ex–dividend and ex–rights date – −0.000996 0.00162 −0.0010

(0.0109) (0.0109) (0.0109)

Monday effect – 0.00878*** 0.00876*** 0.0088***

(0.00148) (0.00148) (0.0015)

Month effect – −0.00444*** −0.00468*** −0.0044***

(0.00153) (0.00153) (0.0015)

Constant term 0.0220*** 0.0206*** 0.0309*** 0.0206***

(0.0018) (0.00187) (0.00138) (0.0019)

Year effect Yes Yes No Yes

City effect Yes No Yes Yes

Individual effects Yes Yes Yes Yes

Observations 853,437 853,437 853,437 853,437

***, * show significance at 1%, 10%; Standard errors are in parentheses.

How does air pollution a�ect stock
liquidity?

Table 7 presents the results of air pollution affecting stock

liquidity through investor sentiment. Columns (1) and (2) report

the empirical results of AQI and investor sentiment (ADL index

and ARMS index). The regression coefficients of AQI in Column

(1) and Column (2) are −0.5380 and −0.0002 respectively,

indicating that when other conditions remain unchanged, each

unit of AQI increases, the ADL index decreases by 0.5380 units,

and the ARMS index decreases by 0.0002 units. Except for ex

dividend and ex dividend date variables, all control variables

were significant at the 1% significance level, suggesting that

air pollution triggered negative sentiment among investors.

Many scholars have confirmed this conclusion, that is, as an

environmental factor, air pollution will have a negative impact

on investors’ mood in the short term, and easily lead to low

mood (29, 39–41), worry (42–44), depression (45–48) and

anxiety (49, 50).

The possible reasons for this phenomenon are as

follows: firstly, people are exposed to air pollution and

worry about the possibility of suffering from respiratory

and cardiovascular diseases in the future, leading to

depression. Secondly, more and more toxicological evidence

shows that exposure to harmful gases and particulate

air pollutants can lead to adverse neurochemical or

neuropathological changes, which may manifest or lead

to depression, suicidal ideation or related psychological

consequences (49, 51–53), and are directly reflected

in depression.

Columns (1)–(3) of Table 7 are the regression results of

the Equation (4), in which ADL, ARMS and Sent used to

measure investor sentiment (InvS). Columns (4)–(6) of Table 7

are the regression results of the Equation (5), in which the

investor sentiment (InvS) is measured by ADL, ARMS and

Sent in turn. The total effect is the coefficient(β0) of AQI in

Equation 3. The direct effect is the coefficient(β6) of AQI in

Equation 5. The intermediate effect is the product of AQI

coefficient(β3) in Equation 4 and the coefficient(β7) of InvS

in Equation 5(i.e β∗3 β7). The regression coefficient of ADL

index in Column (4) of Table 7 is significant at the 1% level.

The regression coefficient of AQI is also significant at the level

of 1%. The coefficient of ARMS in Column (5) is negative

at the 1% level. The arms index is negatively correlated with

turnover rate, and AQI coefficient is also significant at the level

of 1%. The coefficients of AQI and Sent index in Column 6

are significantly negative at the level of 1%. Combined with the

empirical results of Equations (3)–(5), investor sentiment has

a partial mediating effect, and investor sentiment is a potential

way for air pollution to affect stock liquidity. In particular,

when using the ADL index to measure investor sentiment, the

total effect is −0.0004, the direct effect is −0.0003, and the

intermediary effect is−1.70546e-05(−0.5380∗3.17e−05). When

using ARMS index tomeasure investor sentiment, the total effect

is−0.0004, the direct effect is −0.0004, and the intermediary

effect is 0.0484e-05(−0.0002∗-0.0242).When investor sentiment
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(InvS) is measured by Sent, the direct effect is−0.0004, and

the intermediate effect is 1.48407e-06 (−7.77e-05∗-0.0191). The
above results show that when air pollution is serious, the ADL

index is low (the arms index is large or the sent index is low),

which leads to more pessimistic investor sentiment and less

liquid stocks.

The reason for this phenomenon can be explained using a

psychological theory: many psychologists believe that emotion

is one of the main driving factors of decision-making. When

investors are immersed in negative emotions and face complex

trade-offs and choices such as future benefits and costs, they

are prone to risk aversion, show a pessimistic tendency, and

are unwilling to buy more stocks. Therefore, the stock market

is at a low level, and stock trading frequency is reduced, which

eventually leads to poor stock liquidity. Considerable literature

in investor sentiment also reach this conclusion: air pollution has

an adverse impact on the physical andmental health of investors.

If investors feel pessimistic, they may not be willing to actively

trade (34, 36). Negative sentiment may reduce trading volume

(33, 35) and increase insufficient market liquidity (36, 54).

Robustness test

We use Wu et al. (55) for reference and select Amihud to

measure stock liquidity for the robustness test. Table 8 presents

the robustness test results. According to Column (4), there

is a significant positive correlation between the air quality

index and the Amihud index, that is, serious air pollution is

often accompanied by the deterioration of stock liquidity. This

conclusion is consistent with the above results, indicating that

the regression result of the benchmark model is robust.

Conclusion and implications

Air pollution not only affects people’s physical health,

but also affects psychological activities and emotions. The

pessimism triggered by air pollution affects investors’ willingness

to buy and hold stocks and damages stock liquidity. Studying

the relationship between air pollution and stock liquidity

helps to explore the impact of air pollution on the stock

market, and has referential value for the relevant authorities

in formulating relevant policies. We selects Chinese A-shares

from January 1, 2016, to December 31, 2020, as a sample,

measured stock liquidity using the index of turnover rate, and

measured air pollution in cities using the AQI to empirically

analyze the impact of air pollution on stock liquidity. The

main findings are as follows: First, the more severe air

pollution is, the lower liquid stocks are. Second, investor

sentiment is a potential path through which air pollution

inhibits stock liquidity, with investor sentiment acting as

a partial mediator. Third, heterogeneity analysis finds that

the negative relationship between air pollution and stock

liquidity varies across heavily and non-heavily polluting firms,

different industries, different city sizes, and different degrees

of air pollution, with a greater impact in five industries,

medium sized cities, light air pollution, and non-heavily

polluting firms.

The study provides the following implications based on

these findings. Firstly, a sound legal system is an important link

in the prevention and control of air pollution. Establish and

improve the environmental protection system, establish and

improve laws and regulations on the prevention and control of

air pollution, establish a reward and punishment mechanism,

and urge enterprises to reduce waste emissions; Strengthen

environmental protection publicity and education, improve

public awareness of environmental protection, realize green

production and life, and improve air pollution. Secondly, strict

supervision is an important channel to improve information

transparency. Improve the environmental protection

information disclosure system. Formulate comprehensive

disclosure scope and standards, and invite third parties to

supervise and audit information disclosure to ensure the

authenticity and effectiveness of the disclosed information.

Urge enterprises to strengthen ESG information disclosure and

widely publicize on multiple platforms to enhance investors’

investment confidence, eliminate the negative impact of

investors’ negative emotions on the stock market and maintain

stock liquidity. Thirdly, a real-time monitoring mechanism is

an important way to maintain the liquidity of the stock market.

Establish investor sentiment monitoring mechanism, investor

sentiment evaluation and management mechanism, timely

prevent the spread and spread of investors’ irrational emotions,

and reduce the negative impact of investors’ irrational emotions.

Data availability statement

Publicly available datasets were analyzed in this study. This

data can be found at: https://www.gtarsc.com/; http://www.cma.

gov.cn/; https://www.cnrds.com.

Author contributions

CL made great contributions to the design of his works.

YY designed, analyzed and interpreted the data, and drafted

the first draft. YL, GZ, and LZ put forward suggestions,

participated in the adjustment of the project, and contributed

to the drafting of subsequent versions of the manuscript. HJ,

YX, and YC participated in the review and YY made substantive

amendments to it. All authors contributed to the article and

approved the submitted version.

Frontiers in PublicHealth 14 frontiersin.org

438

https://doi.org/10.3389/fpubh.2022.989457
https://www.gtarsc.com/
http://www.cma.gov.cn/
http://www.cma.gov.cn/
https://www.cnrds.com
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2022.989457

Funding

This work was supported by Sichuan Soft Science

Research Project (No.: 2021JDR0165) and University Level

Project of Guizhou University of Finance and Economics

(No.: 2020XZD01).

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

References

1. Li X, Wang Y, Zhou H, Shi L. Has China’s war on pollution reduced
employment? Quasi-experimental evidence from the clean air action. J Environ
Manage. (2020) 260:109851. doi: 10.1016/j.jenvman.2019.109851

2. Laumbach RJ, Kipen HM. Respiratory health effects of air pollution: update
on biomass smoke and traffic pollution. J Allergy Clin Immun. (2012) 129:3–
11. doi: 10.1016/j.jaci.2011.11.021

3. Mannucci PM, Harari S, Martinelli I, Franchini M. Effects on health
of air pollution: a narrative review. Intern Emerg Med. (2015) 10:657–
62. doi: 10.1007/s11739-015-1276-7

4. Qin FK, Gao XF, Lu R, Sun JW, Du HL, Du N. Relationship between PM2.5
mass concentration and respiratory emergency visits in Chengdu in 2017. J Sichuan
Univ. (2019) 50:362–6.

5. Chen SQ, Wang YY, Guo B, Zhang P, Zhao X. A. Time series study of
atmospheric particulate matter mass concentration and non-accidental trauma
emergency attendance atWest China Hospital, Sichuan University. J Sichuan Univ.
(2019) 50:71–6.

6. Landrigan PJ. Air pollution and health. Lancet Public Health. (2017) 2:e4–
5. doi: 10.1016/S2468-2667(16)30023-8

7. Glencross DA, Ho TR, Camiña N, Hawrylowicz CM, Pfeffer PE. Air pollution
and its effects on the immune system. Free Radical Bio Med. (2020) 151:56–
68. doi: 10.1016/j.freeradbiomed.2020.01.179

8. He D, Zhou Y. Modeling and analyzing liquidity in stock market using
macroeconomic factors based on state space model. J Chin Manag. (2019) 27:42–9.

9. Wang YC, Ke K, Wang LM, Xie X. Annual report readability and stock
liquidity: based on text mining. Securities Market Herald. (2020) 7:61–71.

10. Yang M, Dong DY, Xu YG. Risk disclosure and stock liquidity: a textual
analysis based on annual reports of Chinese a-share listed firms. J Syst Manag.
(2022) 31:794-810.

11. Levy T, Yagil J. Air pollution and stock returns in the US. J Econ Psychol.
(2011) 32:374–83. doi: 10.1016/j.joep.2011.01.004

12. Zhang YH, Jiang Y, Guo YJ. The effects of haze pollution
on stock performances: evidence from China. Appl Econ. (2017)
49:2226–37. doi: 10.1080/00036846.2016.1234703

13. Xu Z. Air pollution, investor behavior and firm value: evidence from China.
Univer Groningen Econ Bus. (2018).

14. Wu QQ, Hao Y. Lu J. Air pollution, stock returns, and trading activities in
China, Pac-Basin. Financ J. (2018) 51:342–65. doi: 10.1016/j.pacfin.2018.08.018

15. Lepori GM. Air pollution and stock returns: evidence from a natural
experiment. J Empir Financ. (2016) 35:25–42. doi: 10.1016/j.jempfin.2015.10.008

16. Cunningham MR. weather, mood, and helping behavior: quasi
experiments with the sunshine samaritan. J Pers Soc Psychol. (1979)
37:1947–56. doi: 10.1037/0022-3514.37.11.1947

17. Schwarz N, Clore G L. Mood, misattribution, and judgments of wellbeing:
informative and directive functions of affective states. J Pers Soc Psychol. (1983)
45:513–23. doi: 10.1037/0022-3514.45.3.513

18. Nofsinger J R. Social mood and financial economics. J Behav Financ. (2005)
6:144–60. doi: 10.1207/s15427579jpfm0603_4

19. YinHY,WuXY. Investor sentiment, order flow imbalance and stock liquidity.
Chin J Manag Sci. (2022).

20. Chen X, Chen XY, Liu Z. A study on the usefulness of a-share earnings
report – empirical evidence from Shanghai and Shenzhen Stock Markets. Econ Res
J. (1999) 21-8.

21. Chen X, Chen SY. Research on the response of stock trading volume to
annual report information – empirical evidence from Shanghai and Shenzhen stock
markets. J Financ Res. (2001) 98-105.

22. Yu Q, Cheng Y. The firm’s dividend policy and stock market fluctuation in
China. Econ Res J. (2001) 32-40+95.

23. Wang L, Ye ZQ, Kong DM, Zhang SM. Investor concern and earnings
announcement Monday effect. J Financ Res (2012) 193-206.

24. HanGW, Liu AK. Empirical research onweek effect of stock returns in China.
J Chongqing Univ. (2014) 20 33–41.

25. Fan XT, Dong WZ. Month effects in China’s stock market and consumption
habit. Sun Yat-sen J Humanit. (2007) 97-104+128

26. Li LY, Wang QH. The impact of air quality index on stock market. World
Econ Res. (2018) 7:48–60. doi: 10.12677/WER.2018.72006

27. Wen SH. Rational and irrational: an analysis of investors’ behavior in the
securities market. J Sichuan Univ. (2001) 51–6.

28. Chen RD, Yu JJ, Xu M, Dang C, Huang JH. Influence of investors’ local bias
on the information efficiency of stock market. Syst Eng. (2022) 42:879–96.

29. Shi QL, Guo F. Do people have a negative impression of government
on polluted days? Evidence from Chinese cities. J Environ Plann Man. (2019)
62:797–817. doi: 10.1080/09640568.2018.1443801

30. Liu F, Kang Y, Guo K, Sun XL. The Relationship between air
pollution, investor attention and stock prices: evidence from new energy and
polluting sectors. Energ Policy. (2021) 156:112430. doi: 10.1016/j.enpol.2021.11
2430

31. Shi JL, Ren H X. Xu H. Effects of PM2.5 concentration on the emotional state
of Beijing residents. Adv Psychol. (2018) 8:843.

32. Dong DY, Xiao ZP. The home bias in the exchange of the stock information
and its impact on stock prices: evidences from the stock forum. J Manag World.
(2011) 1:52–61+188.

33. Gervais S, Odean T. Learning to be overconfident. Rev Financ Stud. (2001)
14:1–27. doi: 10.1093/rfs/14.1.1

34. Loughran T, Schultz P. Weather, stock returns, and the
impact of localized trading behavior. j Financ Quant Anal. (2004)
39:343–64. doi: 10.1017/S0022109000003100

35. Statman M, Thorley S, Vorkink K. Investor overconfidence and trading
volume. Rev Financ Stud. (2006) 19:1531–65. doi: 10.1093/rfs/hhj032

36. Liu SM. Investor sentiment and stockmarket liquidity. J Behav Financ. (2015)
16:51–67. doi: 10.1080/15427560.2015.1000334

37. Wu QQ, Chou RK, Lu J. How does air pollution-induced fund-
manager mood affect stock markets in China. J Behav Exp Financ. (2020)
28:100399. doi: 10.1016/j.jbef.2020.100399

Frontiers in PublicHealth 15 frontiersin.org

439

https://doi.org/10.3389/fpubh.2022.989457
https://doi.org/10.1016/j.jenvman.2019.109851
https://doi.org/10.1016/j.jaci.2011.11.021
https://doi.org/10.1007/s11739-015-1276-7
https://doi.org/10.1016/S2468-2667(16)30023-8
https://doi.org/10.1016/j.freeradbiomed.2020.01.179
https://doi.org/10.1016/j.joep.2011.01.004
https://doi.org/10.1080/00036846.2016.1234703
https://doi.org/10.1016/j.pacfin.2018.08.018
https://doi.org/10.1016/j.jempfin.2015.10.008
https://doi.org/10.1037/0022-3514.37.11.1947
https://doi.org/10.1037/0022-3514.45.3.513
https://doi.org/10.1207/s15427579jpfm0603_4
https://doi.org/10.12677/WER.2018.72006
https://doi.org/10.1080/09640568.2018.1443801
https://doi.org/10.1016/j.enpol.2021.112430
https://doi.org/10.1093/rfs/14.1.1
https://doi.org/10.1017/S0022109000003100
https://doi.org/10.1093/rfs/hhj032
https://doi.org/10.1080/15427560.2015.1000334
https://doi.org/10.1016/j.jbef.2020.100399
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2022.989457

38. Schenker N, Gentleman JF. On judging the significance of differences by
examining the overlap between confidence intervals. Am Stat. (2001) 55:182–
6. doi: 10.1198/000313001317097960

39. Bullinger M. Psychological effects of air pollution on healthy
residents–a time-series approach. J Environ Psychol. (1989) 9:103–
18. doi: 10.1016/S0272-4944(89)80002-7

40. Szyszkowicz M, Rowe B, Colman I. Air pollution and daily emergency
department visits for depression. Int J Occup Med Env. (2009) 22:355–
62. doi: 10.2478/v10001-009-0031-6

41. Cho J, Choi YJ, Suh M, Sohn J, Kim H, Cho SK, et al. Air
pollution as a risk factor for depressive episode in patients with cardiovascular
disease, diabetes mellitus, or asthma. J Affect Disorders. (2014) 157:45–
51. doi: 10.1016/j.jad.2014.01.002

42. Danuser B. Candidate physiological measures of annoyance from airborne
chemicals. Chem Senses. (2001) 26:333–7. doi: 10.1093/chemse/26.3.333

43. Rotko T, Oglesby L, Künzli N, Carrer P, Nieuwenhuijsen MJ.
Jantunen M. Determinants of perceived air pollution annoyance and
association between annoyance scores and air pollution (PM25, NO2)
concentrations in the European EXPOLIS study. Atmos Environ. (2002)
36:4593–602. doi: 10.1016/S1352-2310(02)00465-X

44. Qiu Q, Wang Y, Qiao S, Liu R, Bian ZY, Yao T, et al. Does
air pollution affect consumer online purchasing behavior? The effect of
environmental psychology and evidence from China. J Clean Prod. (2020)
52:141. doi: 10.1016/j.jclepro.2020.120795

45. Zeidner M, Schechter M. Psychological responses to air pollution: some
personality and demographic correlates. J Environ Psychol. (1988) 8:191–
208. doi: 10.1016/S0272-4944(88)80009-4

46. GuX, Guo TJ Si YQ,Wang JX, ZhangWJ, Deng FR, et al. Association between
ambient air pollution and daily hospital admissions for depression in 75 Chinese
cities. Am J Psychiat. (2020) 177:735–43. doi: 10.1176/appi.ajp.2020.19070748

47. Wang R, Yang B, Liu P, Zhang JB, Liu Y, Yao Y, et al. The longitudinal
relationship between exposure to air pollution and depression in older adults. Int J
Geriatr Psych. (2020) 35:610–6. doi: 10.1002/gps.5277

48. Fan S J, Heinrich J, Bloom MS, Zhao TY, Shi TX, Feng WR, et al.
Ambient air pollution and depression: a systematic review with meta-analysis
up to 2019. Sci Total Environ. (2020) 701:134721. doi: 10.1016/j.scitotenv.2019.13
4721

49. Braithwaite I, Zhang S, Kirkbride JB, Osborn DPJ, Hayes JF. Air pollution
(particulate matter) exposure and associations with depression, anxiety, bipolar,
psychosis and suicide risk: a systematic review and meta-analysis. Environ Health
Persp. (2019) 127:126002. doi: 10.1289/EHP4595

50. Zhou YM, Fan YN, Yao CY, Xu C, Liu XL Li X, et al. Association
between short-term ambient air pollution and outpatient visits of anxiety:
a hospital-based study in Northwestern China. Environ Res. (2021)
197:111071. doi: 10.1016/j.envres.2021.111071

51. Van-Wijngaarden E. An exploratory investigation of suicide
and occupational exposure. J Occup Environ Med. (2003) 45:96–
101. doi: 10.1097/00043764-200301000-00018

52. Stallones L. Suicide and potential occupational exposure to
pesticides, Colorado 1990–1999. J Agromedicine. (2006) 11:107–
12. doi: 10.1300/J096v11n03_11

53. Lee WJ, Alavania MCR, Hoppin JA, Rusiecki JA, Kamel F, Blair A, et al.
Mortality among pesticide applicators exposed to chlorpyrifos in the agricultural
health study. Environ Health Persp. (2007) 115:528–34. doi: 10.1289/ehp.
9662

54. Baker M, Stein JC. Market liquidity as a sentiment indicator. J Financ Mark.
(2004) 7:271–99. doi: 10.1016/j.finmar.2003.11.005

55. Wu F, Hu HZ, Lin HY, Ren XY. Corporate digital transformation and capital
market performance - empirical evidence from stock liquidity. Manag World.
(2021) 37:130-144+10

Frontiers in PublicHealth 16 frontiersin.org

440

https://doi.org/10.3389/fpubh.2022.989457
https://doi.org/10.1198/000313001317097960
https://doi.org/10.1016/S0272-4944(89)80002-7
https://doi.org/10.2478/v10001-009-0031-6
https://doi.org/10.1016/j.jad.2014.01.002
https://doi.org/10.1093/chemse/26.3.333
https://doi.org/10.1016/S1352-2310(02)00465-X
https://doi.org/10.1016/j.jclepro.2020.120795
https://doi.org/10.1016/S0272-4944(88)80009-4
https://doi.org/10.1176/appi.ajp.2020.19070748
https://doi.org/10.1002/gps.5277
https://doi.org/10.1016/j.scitotenv.2019.134721
https://doi.org/10.1289/EHP4595
https://doi.org/10.1016/j.envres.2021.111071
https://doi.org/10.1097/00043764-200301000-00018
https://doi.org/10.1300/J096v11n03_11
https://doi.org/10.1289/ehp.9662
https://doi.org/10.1016/j.finmar.2003.11.005
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


TYPE Original Research

PUBLISHED 11 October 2022

DOI 10.3389/fpubh.2022.1002216

OPEN ACCESS

EDITED BY

Abdul Rauf,

Nanjing University of Information

Science and Technology, China

REVIEWED BY

Yu Cui,

Technical University of

Munich, Germany

Farhan Ullah,

Northwestern Polytechnical

University, China

*CORRESPONDENCE

Shah Fahad

shah.fahad@mail.xjtu.edu.cn

SPECIALTY SECTION

This article was submitted to

Environmental health and Exposome,

a section of the journal

Frontiers in Public Health

RECEIVED 24 July 2022

ACCEPTED 20 September 2022

PUBLISHED 11 October 2022

CITATION

Yang K and Fahad S (2022) Rural

migration, governance, and public

health nexus: Implications for

economic development.

Front. Public Health 10:1002216.

doi: 10.3389/fpubh.2022.1002216

COPYRIGHT

© 2022 Yang and Fahad. This is an

open-access article distributed under

the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other

forums is permitted, provided the

original author(s) and the copyright

owner(s) are credited and that the

original publication in this journal is

cited, in accordance with accepted

academic practice. No use, distribution

or reproduction is permitted which

does not comply with these terms.

Rural migration, governance,
and public health nexus:
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Management, Hainan University, Haikou, China

With the deepening of rural aging and the increasing role of human capital

in the non-agricultural employment labor market, this paper uses the data

of China Health and Retirement Longitudinal Study (CHARLS), ordinary least

squares (OLS) and instrumental variable method (IV) to try to examine the

impact of rural migrant workers’ education on their parents’ health. Since a

rural family may include more than one child, a sample of migrant workers

with a high education level is used in the benchmark regression, and a sample

of migrant workers with a low education level is used to test the robustness

of the relationship. The results showed that the education of migrant workers

had a significant positive impact on parents’ health. The sample with the

least education was used for the robustness, and the results did not change.

The IV-probit method is used to address potential endogeneity, and the

results remain stable. Heterogeneity analysis shows that there are significant

di�erences in the impact of migrant workers’ education on the health of

parents from di�erent groups. This positive e�ect has a greater impact on

the health of parents who are older, less educated, and do not live with their

children. Mediation analysis shows that children’s economic ability, captured

by income andwork type, and their parents’ health behavior, captured by sleep,

alcohol consumption, and physical examinations, mediate this relationship.

Thus, migrant workers’ education a�ects their parents’ health mainly through

relaxing budget constraints and improving their parents’ health production

e�ciency. In addition, this paper also found that education of migrant workers

may significantly increase parental depression. Based on the above analysis,

this paper argues that increasing investment in rural education is conducive

to improving the health of migrant farmers’ parents, thereby promoting the

transfer of rural labor to non-agricultural industries and cities, curbing the rapid

rise in labor costs, and promoting the healthy development of the economy.

KEYWORDS

rural migrant workers, parental health, governance, mediation analysis, economic

development
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Introduction

According to the standards of the United Nations, China

has been an aging society since 1999, and the degree of aging

is increasing. In 2016, the number of older people (65 years and

above) in China was 150 million, representing 10.9% of the total

population. In 2019, the 65- and older population reached 176

million, representing 12.6% of the total population (data from

the National Bureau of Statistics). At the same time, due to the

long-term flow of rural young and middle-aged labor to urban

and non-agricultural industries, the aging degree of rural areas is

higher, and the pension problems faced by the elderly in young

and middle-aged outflow families are more severe.

Elderly people in China have long been supported mainly by

their families (1). Traditionally, China follows the “back-feeding

model”, with adult children supporting their parents (2). In

recent years, with the gradual establishment and improvement

of China’s social security system, an increasing number of elderly

people place low economic demands on their children and some

elderly people even provide their children with financial support

(3). However, in rural areas, due to limited social security, the

elderly rely mainly on their children for economic support.

According to census data for 2010, 66.3% of urban elderly people

rely on pensions as their main source of income, while 47.7%

of rural elderly people rely mainly on other family members for

support (2).

With China’s social and economic development, more and

more rural young people migrate to cities and non-agricultural

industries, making their parents into pension difficulties.

According to the data of migrant workers monitoring survey

report, in 2016, the total number of migrant workers in China

reached 280 million people, of which about 170 million people

left their hometowns, and about 80 million migrant workers

moved across provinces, accounting for 45.3% of the total

number of migrant workers leaving their hometowns. The

massive transfer of these rural labor forces, who bear the main

responsibility of support, on the one hand, reduces the daily

care for their parents; on the other hand, parents have to do

more farm work, housework, and need to help migrant workers

take care of their children, which reduces their health and

satisfaction of life (4). Farmers’ going out to work has impacted

the foundation of family pension, making their parents face

pension difficulties.

The intergenerational support children provide their parents

includes economic resource support, daily care, and emotional

comfort (2). Although daily care and emotional comfort

have an important impact on elderly parents, the support

of economic resources is more important for rural parents

(5). According to the 2014 China Longitudinal Aging Social

Survey, the poverty rate of expenditure in rural areas reached

38.0%. Although children who migrate to work provide less

daily care and emotional comfort for their parents, they can

obtain more economic income through work, and thus provide

more financial resources for their parents. Li’s (6) research

shows that 70.3% of migrant workers send money home,

and the average amount of money sent or returned is 2,576

yuan. These remittances are sustainable and play an important

role in supporting rural families. The proportion of peasant

households whose remittances represent more than 50% of total

household income has reached 46.3%. On average, the amount

of remittances is ∼40% of the total household income. To some

extent, economic resource support not only compensates for

lack of daily care and emotional comfort, but is also conducive to

the development and improvement of the social care system (2).

According to human capital theory, people with higher

education levels are more competitive in the labor market

than those with lower education levels (7). The flow of rural

laborers into cities and non-agricultural industries is affected

by restrictions on the household registration system and other

adverse conditions, which lead to an increase in migration costs

(8). Additionally, in the labor market, the level of income and

the quality of work are affected by the human capital stock

(7). It is shown that, as an important part of human capital, a

higher level of education leads to greater knowledge reserves,

greater labor skills, a greater ability to overcome the mobility

restrictions of the household registration system, a lower cost of

migration, and a higher likelihood of finding higher income and

better work, all else held constant (8). Therefore, this paper will

examine the pension problems of migrant workers’ parents from

the perspective of education.

Health problems are one of the main problems faced by the

elderly. After entering old age, people will show deterioration

of health status, loss of labor ability and daily living ability

at the physiological level, and easily fall into psychological

difficulties such as frustration, depression, anxiety, and fear at

the psychological level (9). When children migrate to work,

their parents’ health problems become more prominent (2).

Therefore, if the health of the elderly can be improved and the

morbidity rate can be reduced, it will not only reduce the pain

caused by the disease, improve the happiness and quality of life

of the elderly, but also help maintain the harmony and stability

of the family. In view of this, this paper will focus on parents’

pension in relation to health issues. In theory, the higher the

education level of migrant workers, the richer the economic

resources and health knowledge, the more conducive to the

improvement of parents’ health from the economic level and

health behavior level.

Previous studies have examined the relationship between

child education and their parents’ health (10–15). For example,

De Neve and Harling (16) used data from South Africa to

examine the relationship between rural children’s education

and their parents’ mortality risk. They found that children’s

education reduced the mortality of their parents. However, their

study was mainly a correlation analysis and did not identify

a causal effect between children’s education and their parents’

health. To identify such an effect, Ma (17) used data from the
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China Health and Retirement Longitudinal Study (CHARLS)

of 2011 and instrumental variables constructed based on the

9-year mandatory education policy to investigate the causal

effect of children’s education on their parents’ health. The

results showed that children’s education significantly improved

cognitive function, lung function, and survival expectations of

their parents. According to the analysis of possible influencing

mechanisms, this positive effect can be attributed to the fact that

a higher education level helps children provide financial support

for their parents, improve their resource acquisition ability,

reduce their labor supply, and improve their psychological

welfare. Yang et al. (9) used the same data and reached the same

research conclusion using different instrumental variables.

However, the above research still has three shortcomings.

First, existing studies have mainly examined the general

population, and no studies have examined migrant workers. As

we all know, since the reform and opening, migrant workers

have made important contributions to the rapid development

of China’s economy. In the future, with the decline of the

total population, especially the working-age population, migrant

workers will still play an important role in the high-quality

development of China’s economy. However, whether farmers

can successfully realize the transfer from rural and agricultural

to urban and non-agricultural industries is affected by the health

of their parents (18). Therefore, special research is necessary on

this group. Second, there is little literature on the heterogeneous

impact of children’s education on the health of different groups

of parents. It is easy to ignore the dynamic response of

parents to their children’s influence, which is not conducive to

a comprehensive grasp of the relationship between children’s

education and parents’ health. Third, only a small number of

literature have examined the specific impact mechanism, but

these literatures focus mainly on the economic resource level

and pay insufficient attention to health behavior. Due to the high

correlation between economic resources and health behavior,

ignoring the impact of health behavior is easy to overestimate

the role of economic resources and ignore the benefits of

health behavior.

Therefore, this paper will seek to answer the following three

questions: first, does the education of migrant workers affect the

health of their parents? Second, is there heterogeneity in this

effect among groups of parents with different characteristics?

Third, what are the specific influencing mechanisms of this

effect? The main contributions of this paper to the existing

literature are as follows. First, there are few studies on the

causal effect between children’s education and the health of

their parents. Using the instrumental variable method, this

paper studies migrant workers from rural areas, which is helpful

in testing the universality of children’s education on parents’

health effects. Furthermore, in the context of the socioeconomic

development and transformation of China, the study of the

impact of migrant workers’ education on their parents’ health

can provide a solid empirical basis for the transfer of the

rural labor force. Second, from the perspective of children’s

economic situation and parental health behaviors, this article

examines the channels through which the education of migrant

workers can affect the health of their parents. On the one

hand, the study compensates for the shortcomings of existing

research; on the other hand, it provides a practical basis for

guiding children’s education to improve their parents’ health.

Third, with the deepening of aging in China, the study of

parental health is conducive to the realization of healthy aging,

which is of great practical significance for the construction of a

harmonious society.

The rest of this paper is arranged as follows: The

second part outlines the theoretical hypothesis, the third part

describes the research design and introduces the data used,

the fourth and fifth parts concern the empirical analysis, and

the last part presents the research conclusion, discussion, and

policy recommendations.

Theoretical hypothesis

Although the traditional concept of pensions is changing

with the development of industrialization and urbanization, in

many societies, the family is still the means of support for the

elderly (1). Especially in East Asia, there is a strong tradition

of filial piety. Parents and children support each other, and

young people respect the elderly. Furthermore, in China, these

traditional values are consolidated by the government in the

form of legislation that stipulates that adult children have the

responsibility to take care of their parents (19). This “filial piety

culture” based on the double constraints ofmorality and the legal

system enables parents to obtain unconditional support from

their children, which is reflected in the flow of resources from

children to their parents.

Economic support is the most important type of

intergenerational support that migrant children provide to

their parents. This support includes economic resources,

daily care, and emotional comfort (2). In rural areas, due to

limited social security and limited savings, children provide

the main source of income for their older parents (2). For

migrant children, economic support is important because

economic resources substitute for daily care and emotional

comfort. Because their migrant work physically separates

them from their parents, migrant children offer reduced daily

care and emotional comfort to their parents, and economic

support is the most important means of intergenerational

support (5). Du et al. (20) showed that compared to children

who do not migrate to work, children who migrate to work

provide more financial support to their parents. However,

this does not mean that migrant children no longer provide

any daily care or emotional comfort to their parents. With
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the development of modern information technology and new

means of transportation, migrant children can contact and

communicate more easily with their parents, which to some

extent reduces the negative impact of inadequate emotional

comfort caused by the separation of living spaces (21).

The concept of family support for the elderly is deeply

rooted in China. With the deepening of aging, intergenerational

support has become an important factor affecting the health of

parents when social care is insufficient (22). Empirical research

shows that children’s support of their parents has a significant

effect on their parents’ health regardless of whether objective

health indicators, subjective health indicators, or cognitive

indicators are used to measure parents’ health (5, 20). For

example, Zuo and Li (23) examined Chaohu data and found

that the economic support of migrant children has an important

impact on their parents’ psychological wellbeing and self-

assessed health and compensates for the negative impact of

living space separation to some extent. Lian et al. (4) used

data from the China Health and Nutrition Survey to study the

relationship between child labor migration and their parents’

health and life satisfaction and found that child labor migration

led to a decrease in their parents’ health and life satisfaction. This

finding was attributed to the impact of child labor migration on

the traditional family pension model and the reduced daily care

and comfort children offer their parents along with the increase

in the time parents must engage in agriculture and family

care. However, this paper did not conduct an empirical study

of the impact mechanism. Liu (21) research in rural areas in

China showed that child labor migration does not automatically

decrease the welfare of their parents. In fact, it is a mutually

beneficial network of support among family members, rather

thanmigrant work of children, that affects the welfare of parents.

When there is no supportive network among family members,

children’s labor migration reduces intergenerational support for

parents, but as long as such a network exists, children’s labor

migration can still have a positive impact on the welfare of

their parents.

According to the theory of intergenerational exchange, the

child’s support of their parents is influenced by the support

of their parents’ resources (9), including not only short-term

resource exchange, such as daily care provision in exchange

for financial support (24), but also long-term support. In a

long-term resource exchange, the investment of parents in

their children’s early education is an important means of

intergenerational support that has a long-term effect on the

intelligence, knowledge and skills of children. Having a higher

education level offers children a higher chance of obtaining

a good job and high income in the labor market when they

are adults (7) and the ability to obtain health knowledge

and maintain a healthy lifestyle. Therefore, in return for the

investment of their parents, educated children may be more

willing and able to support their parents in old age (25, 26). In

contrast, parents’ underinvestment in their children’s education

and the resulting low level of education in the early stage of life

greatly increase the likelihood of children becoming “NEET” in

adulthood (27). On the basis of the above analysis, this paper

proposes the following theoretical hypothesis.

Hypothesis 1: With other influencing factors unchanged, the

higher the education level of migrant workers, the better the

health of their parents

The influence of the education of migrant workers on

their parents’ health is affected not only by the skills of

migrant workers, but also by the abilities of their parents. The

education and age of parents are important factors that affect

their responses to external influences. From the perspective of

children, whether they live with their parents is an important

factor that affects their ability to influence the health status

of their parents. Therefore, it is necessary to focus on the

heterogeneity of the impact of migrant worker education on

the health of their parents according to education level, living

arrangements, and age.

Regarding education, Zimmer et al. (10) believe that parents

with higher education can use more effectively the resources

of migrant workers (such as income and health knowledge) to

improve their own health, so the education of migrant workers

has a greater impact on the health of parents with higher

education. However, more educated parents may have more

resources on their own and be less likely to need resources

from their children. In contrast, parents with low educational

levels are more in need of support from migrant workers due

to their poor ability to obtain resources and their limited ability

to improve their health; consequently, the education of migrant

workers may have a greater impact on the health of parents with

lower educational levels. Lee and Xiao (24) showed that parents

with lower income and status have poorer health and receive

more support from their children. For the rural elderly in China,

economic resources are important and scarce, so the impacts on

the health of their parents with lower education are great.

From the perspective of age, the older the parents, the worse

their health tends to be (28), and the more assistance they

need from their children to complete physically demanding

tasks. In addition, as their age increases, the declining income

of parents and the smaller fluctuations in consumption can

lead to greater material demands on their children. Family

support is still the main means of support for the elderly due to

incomplete institutional and market-oriented pension methods.

Therefore, with the gradual increase in the age of parents, their

ability to work and manage daily activities gradually decreases

and the support that migrant workers provide to their parents

increases (1).

Previous studies have shown that the labor market

to which migrant workers have access is a typical dual
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employment market, and there is usually a division of

employment and income (29). Generally, because migrant

workers do not have non-agricultural household registration

and their education level is low, they have poor employment

prospects in the non-agricultural employment market and

obtain low income (30). To support their families, they

must, therefore, economize on food, housing, transportation,

and other expenses, which leads to poor living conditions.

When parents and their migrating children live together, the

poor living environment may offset the health improvement

provided by the income of the children. When parents

do not live with their migrating children, they can not

only enjoy a better living environment in their hometown,

but also receive income from their children to improve

their living standards and thus improve their health. Based

on the above analysis, this paper proposes the following

theoretical hypothesis:

Hypothesis 2: The education of migrants has a greater impact

on the health of parents with lower education levels and older

ages. The ability of migrant workers to support the health of

their parents when they live with their parents is limited

The more educated migrant workers are, the more

likely they are to obtain good jobs and income, and

thus to be able to offer financial support to their parents

(17). This support can provide their parents with not

only a more balanced and reasonable diet but also

improved physical and mental health through special

health investments such as travel, vacations, and fitness

opportunities (13).

Furthermore, having a high level of education usually

means that an individual has strong learning ability and

rich knowledge, including the mastery and identification of

health-related knowledge and behaviors (13). Therefore, higher

education migrant workers can share their own knowledge of

health and have a positive external impact on their parents,

thus improving the efficiency of allocation and utilization

of their parents’ health resources (12). From the perspective

of allocation efficiency, the positive externality of migrant

workers’ education can help parents optimize their health

investment and improve their health. From the perspective

of efficiency of utilization, this means that the same input

of health resources can lead to higher health outcomes,

such as a better understanding of treatment plans, better

coordination of treatment, and better treatment effects. Based

on the above analysis, this paper proposes the following

theoretical hypothesis.

Hypothesis 3: Economic support and improvement in

parental health behavior are important ways in which the

education of migrant workers affects the health of their

parents’ health

Study design

Model and methods

According to the data types used below, in order to reduce

measurement errors, this paper converts the five-category

dependent variables into two-category variables. To this end,

this paper sets the following binary selection model (Probit) as a

benchmark model to test the relationship between the education

of migrant workers and the health of their parents.

Pr(Yi = i) = φ
(

α + βEi + γXi + µk + ui
)

(1)

where i represents an individual, k represents a province, Yi is

the health of parents, Ei represents the level of education of a

migrant worker, Xi stands for other control variables, µk is the

fixed regional effect, ui is a term of random disturbance, β and

γ are the coefficients of the corresponding variables.

Data and variables

The research object of this paper is parents. In order to

make the sample nationally representative, this paper uses the

China Health and Retirement Longitudinal Study (CHARLS)

data for research. This are because the data is currently the only

nationally representative survey database for groups aged 45 and

older in China, which is very suitable for this study. CHARLS

was conducted by the China Center for Economic Research,

National Institute of Development, Peking University, among

randomly selected family members aged 45 and above. The

survey has been implemented since 2011 and covers 150 county-

level units, 450 village-level units, and 17,000 people in∼10,000

households. The samples were followed every 2 years, and the

second wave in 2013 included new respondents in addition to

those in 2011, increasing the total number of respondents to

∼18,000. These data offer rich individual and family information

and meet our research needs.

When collating the data, we first deleted individuals who

were younger than 45 years of age. Second, we eliminated

people whose children were under 16 years old or still in

school. Third, given that the object of this study was migrant

workers, we deleted individuals with non-agricultural household

registration and retained individuals with agricultural household

registration. On this basis, we deleted individuals whose

occupation was farming and retained individuals engaged in

non-agricultural work. Finally, the extreme values and missing

sample points were removed. After data processing according to

the above standards, the sample size for a single year was too

small to meet the research needs of this article. Because the most

recent data for the wave in 2015 did not include the variables

related to children’s occupation, the research object of this paper,

we used only samples from 2011 and 2013 for the research data.
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Since there may be more than one child in a single rural

family, the data of one father or mother may correspond

to the data of more than one child. Children with higher

education levels may have higher social and economic status

and more comprehensive health knowledge, and thus may have

a greater influence on the health of their parents than children

with lower education levels. Therefore, considering the former

may better identify the relationship between the education of

migrant workers and the health of their parents. Therefore,

we adopted samples of high-education migrant workers to test

the relationship. Furthermore, taking advantage of the fact

that a rural family can have more than one child, this article

also investigates the relationship between the low educational

attainment of migrant workers and the health of their parents

to test the robustness of the relationship.

The dependent variable in this paper is the health of migrant

workers’ parents. Health indicators can be roughly divided

into objective indicators and subjective indicators. Compared

to objective health indicators, subjective indicators, although

simple, have been shown to predict mortality and disability rates

(31). That is, it refers not only to the absence of disease or

physical strength but also to physical and mental health, as well

as social wellbeing and status. Taking advantage of the CHARLS

database with rich health indicators, this article uses three types

of indicators, namely self-assessed health (SAH), cognition, and

depression, as proxy variables to more fully measure the health

status of parents of migrant farmers.

In the CHARLS data of 2011 and 2013, respondents

were randomly divided into two groups to obtain accurate

sample values. At the beginning and end of the health-related

questionnaire, the following two types of answers were used to

assess health status. The first was “excellent, very good, good,

fair, and poor” [corresponding to SAH (1) in Table 1], and

the second was “very good, good, fair, poor, and very poor”

[corresponding to SAH (2) in Table 1]. To reduce measurement

error, “excellent, very good and good” and “very good and good”

were assigned a value of 1, and “fair and poor” and “fair, poor,

and very poor” were assigned a value of 0.

The proxy variables for cognitive ability include self-

assessed memory (SAM) and the correct number of consecutive

subtractions of 7 (Minus7). To measure SAM, respondents were

asked to subjectively rate their own memory as excellent, very

good, good, fair, or poor. The answers of “excellent, very good

and good” were assigned a value of 1 and the answers of “fair

and poor” a value of 0. For the second proxy variable, the

respondents were asked to calculate 100 minus 7, 93 minus 7,

86 minus 7, and so on for five consecutive subtractions. When

the respondents gave the correct answer to all calculations, they

received a value of 1; otherwise, 0.

Depression (depressed) was measured by whether the

respondents had experienced the following feelings or behaviors

in the previous week: “worrying about small things,” “difficulty

concentrating when doing things,” “feeling depressed,” “difficulty

doing anything,” “being full of hope for the future,” “being

fearful,” “sleeping poorly,” “feeling happy,” “feeling lonely,” and

“feeling unable to continue to live.” The possible answers were

“little or no,” “not much,” “sometimes or half the time,” and

“most of the time.” Among them, “feeling full of hope for the

future” and “feeling happy” were reverse-coded. The responses

of “most of the time” for these two indicators and “little or

no” for the negative indicators yielded an overall value of 1;

otherwise, 0.

The main explanatory variable of concern in this article is

the education of rural migrant workers, which is represented

by ordinal numbers 1–11. The value 1 indicates illiteracy, 2

indicates uncompleted primary school but the ability to read and

write, 3 represents the completion of private school, 4 represents

the completion of primary school, 5 represents the completion

of junior high school, 6 represents the completion of senior high

school, 7 represents the completion of vocational high school,

8 indicates college graduation, 9 represents a bachelor’s degree,

10 represents a master’s degree and 11 represents a doctorate

degree. In this paper, values 1–4 are referred to as primary

school and below. Because primary school graduates represent

the largest proportion of respondents, the value is converted to

represent 6 years of education; junior high school represents 9

years; senior high school and vocational high school represent

12 years; college graduates have 15 years; a bachelor’s degree

represents 16 years; a master’s degree represents 19 years; and

a doctorate degree represents 19 years of education. The same

applies to parental education.

Other control variables included characteristics of the

parents of the migrants, such as age, gender, type of

household registration, marital status, education, medical

insurance, and family economic status. The characteristics

of the migrant workers included gender and whether they

lived with their parents. In this paper, the socioeconomic

status of the community in 2011 was used to measure

the influence of community characteristics on the health of

parents. A province dummy variable was used to express the

different traditional cultural concepts, resource endowments,

and economic development levels specific to each province.

Thus, controlling for the regional fixed effect allowed us to

alleviate the impact of unobservable factors on the results. We

also controlled for the data survey year to control the impact of

the time characteristics of different survey years on the model

results. In China, people may have agricultural hukou, non-

agricultural hukou, unified hukou, or no hukou. A very small

number of people have no household registration (hukou), few

people have unified household registration, and many people

have agricultural household registration. In this paper, non-

agricultural household registration is assigned the value 1, and

the others are assigned the value 0. To better measure the

socioeconomic conditions of families and increase the sample

size, this paper considers whether there is a refrigerator at

home as the proxy variable of socioeconomic conditions to
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TABLE 1 Basic information of the sample.

Variables Obs. Mean Standard deviation Min Max

Parents’ health

SAH (1) 25,028 0.272 0.445 0 1

SAH (2) 29,168 0.232 0.422 0 1

SAM 26,878 0.185 0.388 0 1

Minus7 29,954 0.343 0.475 0 1

Depressed 29,954 0.058 0.233 0 1

Parental characteristics

Age 20,588 59.65 9.618 45 103

Male (female as control group) 23,653 0.477 0.499 0 1

Non-agricultural hukou (agricultural hukou as a control group) 23,600 0.201 0.401 0 1

Married (not married as a control group) 23,631 0.869 0.337 0 1

Years of education 20,597 7.425 2.315 6 19

Medical insurance (no insurance as control group) 29,709 0.947 0.225 0 1

Refrigerator (no refrigerator as control group) 15,849 0.849 0.358 0 1

Migrant workers’ characteristics

Years of education 13,552 10.69 3.336 6 22

Male (female as control group) 6,317 0.486 0.500 0 1

Living with parents (not living with parents as a control group) 6,132 0.149 0.356 0 1

Year 3,4043 2012 1.000 2011 2013

Community characteristics

Socioeconomic status 33,857 3.792 1.349 1 7

reduce the possible measurement error that could affect the

model estimation results if we used household wealth, income,

consumption, or other direct measurement indicators. Other

variables can be obtained directly from the CHARLS database

and are not described in detail here.

Basic information of the sampled
respondents

The basic information in Table 1 reflects the descriptive

statistical results of the health status and characteristics

of parents, the characteristics of migrant workers, and the

characteristics of the community. In general, the health status of

parents of rural migrant workers is not ideal. The mean value of

the calculation variable (Minus7) reaches only the level of 0.34.

The averages for the other indicators are also poor, especially the

index measuring depression. However, the values of these health

indicators are relatively consistent, indicating that the measure

of parental health is relatively robust. Average years of schooling

among migrant workers amounts to ∼11 years, indicating that

rural migrant workers on average have a high school education.

For parents, the average is ∼7 years, indicating that parents on

average have a junior high school education level. In general,

migrant workers are more educated than their parents, which

provides favorable conditions for their education to affect their

parents’ health.

Empirical results and analysis

Benchmark regression

According to the theoretical hypothesis and formula (1),

this paper uses the binary selection model (Probit) to perform

a benchmark regression, where the coefficient is the marginal

effect. The estimated results are shown in Table 2.

The table shows that for each year increase in the length of

schooling of migrant workers, the self-assessed health of their

parents (SAH) (1) improves by 0.5%, SAH (2) improves by

0.5%, SAM improves by 0.6%, the precision of the calculation

(Minus7) increases by 0.8%, and depression decreases by 0.3%.

These results show that migrant workers’ education has a

significant positive impact on their parents’ health.

The results for the control variables are basically in line

with theoretical expectations. Regarding the characteristics of

the parents of migrant workers, in general, the older the

parents, the worse their health is. This is in line with the

theory of health capital investment (28). Fathers tend to have

better health than mothers. Household registration has different

influences on different health indicators for the parents of

migrant workers. The SAH (2) of parents with non-agricultural
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TABLE 2 Benchmark model results.

Explanatory variables (1) (2) (3) (4) (5)

SAH (1) SAH (2) SAM Minus7 Depressed

Migrant workers’ years of education 0.005* 0.005** 0.006*** 0.008*** 0.003**

(0.003) (0.002) (0.002) (0.003) (0.001)

Parents’ characteristics

Age −0.001 −0.000 −0.000 −0.004*** −0.000

(0.001) (0.001) (0.001) (0.001) (0.000)

Male 0.050*** 0.058*** 0.057*** 0.178*** 0.008

(0.015) (0.014) (0.013) (0.015) (0.008)

Non-agricultural hukou 0.001 0.068** −0.056* 0.021 −0.000

(0.034) (0.031) (0.029) (0.037) (0.011)

Married −0.015 −0.010 −0.045*** 0.037* 0.003

(0.020) (0.019) (0.016) (0.021) (0.011)

Medical insurance 0.002 −0.060* −0.028 0.276*** 0.016

(0.038) (0.034) (0.030) (0.050) (0.020)

Years of education 0.008* 0.006 0.010*** 0.038*** 0.001

(0.004) (0.004) (0.003) (0.004) (0.002)

Refrigerator 0.046*** 0.005 −0.007 0.086*** 0.012

(0.018) (0.017) (0.015) (0.019) (0.010)

Migrant worker characteristics

Male −0.006 0.005 −0.002 0.014 −0.002

(0.015) (0.014) (0.012) (0.015) (0.007)

Living with parent 0.011 0.003 0.003 0.003 −0.004

(0.020) (0.019) (0.017) (0.021) (0.010)

Year −0.028*** −0.028*** −0.031*** −0.003 −0.008*

(0.010) (0.009) (0.007) (0.009) (0.004)

Community characteristics

Social economic status 0.017*** 0.007 0.006 0.008 0.001

(0.006) (0.005) (0.005) (0.006) (0.003)

Constant 193.653*** 202.474*** 281.540*** 15.288 174.457*

(68.585) (62.617) (68.131) (59.075) (91.613)

Province FE Y Y Y Y Y

Observations 3,415 3,631 3,532 3,681 3,516

Wald statistical value 168.27 176.98 168.12 512.02 60.84

Pseudo-R2 0.048 0.049 0.059 0.118 0.042

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1.

household registration is better than that of parents with

other household registration types, but differences in household

registration types do not have a significant influence on SAH

(1). It also has a different influence on cognitive ability. The

SAM of those with non-agricultural household registration is

poor, but there is no significant effect on the accuracy of the

calculation (Minus7). In general, it is difficult to determine

the effect of the type of household registration on the health

of parents of parents of migrant workers’ parents. Marital

status has different effects on different indicators of cognitive

ability between parents. Parents who are married indicate a

poor SAM but have a higher calculation accuracy (Minus7).

Medical insurance also has different influences on different

health and cognitive indicators. Parents with medical insurance

have a poorer SAH (2), but there is no significant effect on

SAH (1). In general, the impact of medical insurance on the

health of parents of migrant workers is difficult to determine,

possibly due to the relatively crude data available on medical

insurance. The more years of education parents of migrant

workers have completed, the better their health. Household

economic conditions, measured by whether the family has a

refrigerator, have a significant effect on the health of the parents

of migrant workers. From the perspective of the characteristics

of migrant workers, there is no difference in the impact of
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TABLE 3 Robustness test results.

Explanatory variables (1) (2) (3) (4) (5)

SAH (1) SAH (2) SAM Minus7 Depressed

Migrant workers’ years of education 0.010*** 0.004 0.003 0.012*** 0.004**

(0.003) (0.003) (0.003) (0.004) (0.002)

Control variables Control Control Control Control Control

Province FE Y Y Y Y Y

Observations 3,537 3,748 3,652 3,801 3,729

Wald statistical value 162.29 156.60 118.42 522.43 67.29

Pseudo-R2 0.043 0.041 0.040 0.112 0.046

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1, respectively. The control variables (as shown in Table 2) and the constant terms are not listed.

the gender of children on the health of their parents. Whether

children live with their parents does not affect the health of

the parents. Over time, the health of the parents of migrant

workers worsens, which is consistent with the theory of capital

investment. From the perspective of community characteristics,

the higher the socioeconomic status of the community, the

better the health of parents. This may be because a community

with a high socioeconomic status has rich medical resources and

health facilities and a green and sanitary environment, which are

factors that promote good health.

Robustness test

In the benchmark regression, the sample of migrant workers

with the highest education level was used to investigate the

relationship between the education of migrant workers and the

health of their parents. The results showed that the education

of migrant workers can significantly improve the health of their

parents. If the impact of the education of migrant workers on

their parents’ health is stable, the relationship should also be

supported using the sample of migrant workers with a lower

level of education. Therefore, the sample of migrant workers

with a lower education level is adopted to test the robustness of

the studied relationship (the coefficient is the marginal effect).

The results are shown in Table 3.

The table shows that for every year increase in the level

of education of migrant workers, the SAH (1) of their parents

improves by 1.0%, the SAH (2) improves by 0.4%, the SAM

improves by 0.3%, the accuracy of the calculation (Minus7)

improves by 1.2% and depression decreases by 0.4%. Among

them, only the coefficients for SAH (1), calculation accuracy

(Minus7), and depression are significant, while those for SAH

(2) and SAM are not significant. However, the results obtained

using the sample of migrant workers with a low education level

still show that the education of migrant workers has a significant

effect on the health of their parents. The results for the control

variables are basically in line with the theoretical expectations

and differ little from the benchmark results presented above, so

they are not described in detail here.

2SLS method

In the previous analysis, we used samples of migrant workers

with different levels of education to examine the impact of the

education of migrant workers on the health of their parents. We

obtained similar results. However, endogeneity may still exist

and thus make the estimation results biased and inconsistent.

Therefore, we must consider the above results with caution.

There are two main reasons for the potential endogeneity. On

the one hand, there may be a problem of omitted variables. The

level of education of individuals is often the result of decisions

made by themselves and their parents, so the level of education

of migrant workers may be related to unobservable ability and

family background (17). These unobservable factors may also

affect the health of parents, leading to the problem of omitted

variables. For example, migrant workers with higher ability may

not only obtain more education, but also master more health

knowledge, and thus improve their own health and that of

their families. If ability factors are omitted, the impact of the

education of migrant workers on the health of their parents may

be overestimated. On the other hand, there may be a problem of

reverse causality. Health is a kind of capital that enables parents

to obtain various resources. Without good health, not only is

the parents’ ability to obtain resources reduced, but other family

members may also need to care for them, thereby affecting

the opportunity and ability of these other family members to

obtain resources and finally affecting the education of migrant

workers (32).

To address these potential endogeneity problems in the

benchmark regression, we first carefully selected control

variables to maximize control of the relevant influencing factors.

On this basis, we also adopted control variables for regional

characteristics and community characteristics to reduce the

problem of omitted variables caused by unobservable regional

differences and community resource endowments. Despite
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TABLE 4 Instrumental variable test (1): correlation test results.

Explanatory variables (1) (2) (3) (4)

Dependent variable: migrant workers’

years of education

The average length of schooling 0.996*** 0.674*** 0.835*** 0.457***

in the community (0.034) (0.062) (0.036) (0.067)

Control variables No Yes No Yes

Province FE No No Yes Yes

Observations 13,552 3,686 13,552 3,686

F statistical value 861.918 46.686 57.935 20.789

Adj-R2 0.067 0.124 0.096 0.152

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1, respectively.

The control variables (as shown in Table 2) and the constant terms are not listed.

these efforts, endogeneity problems may still exist. Therefore,

instrumental variables for the education of migrant workers are

also used to reduce bias and inconsistency that may arise due

to endogeneity.

According to theory, effective instrumental variables must

meet two conditions: first, they must be related to the education

of migrant workers and second, they must not be directly related

to the health of the parents of migrant workers. In this paper,

the average length of schooling in the community, excluding

the migrant workers’ own years of education, is considered

an effective instrumental variable for the education of migrant

workers. On the one hand, the average length of schooling in a

community to some extent reflects the educational resources and

quality of the community, which affect the length of schooling

of migrant workers (33). Therefore, there may be a positive

correlation between the two. The results are shown in Table 4.

The table shows that the average length of schooling in

the community has a significant positive correlation with

the education of migrant workers, regardless of whether the

influence of fixed effects and other variables is controlled.

That is, instrumental variables are significantly correlated

with endogenous variables, so the correlation hypothesis of

instrumental variables is supported. In addition, regardless of

whether other variables and regional fixed effects are controlled,

the F statistical values are all ≥10, indicating that there is no

problem of weak instrumental variables (34).

On the other hand, the average length of schooling in the

community (excluding that of migrant workers) cannot address

unobservable family traditions, preferences, abilities, or other

variables. It has a strong exogenous nature and is not related to

the health of the parents of migrant workers at the micro level.

In addition, considering the average years of schooling in the

community significantly reduces the potential for measurement

errors. The design of this instrumental variable has been adopted

by others (35).

To test the exogenous nature of the instrumental variable,

since only one instrumental variable is considered in this paper,

the method proposed by Baron and Kenny (36) is adopted

for testing according to the following steps: (1) The impact of

average years of education in the community on the health of

parents of migrant workers is tested. A significant coefficient

indicates that the average length of education in the community

has a significant impact on the health of parents of migrant

workers. (2) The influence of the average years of education

in the community on the education of migrant workers as an

endogenous variable is tested. A significant coefficient indicates

that the average length of education in the community is related

to the education of migrant workers as an endogenous variable.

(3) Based on step (1), the variable for the education of migrant

workers is added. If the influence of the endogenous variable is

significant and the coefficient of average years of education in

the community is not significant compared to the coefficient in

Step (1), the average years of education in the community as an

instrumental variable of the education of migrant workers can

only indirectly affect the health of parents through the education

of the education of migrant workers’ education. That is, it meets

the exogeneity requirements. Since step (2) has been examined

in Table 4 and the results are as expected, step (1) and step (3)

are mainly investigated here. The results are shown in Table 5.

Part A of Table 5 shows that when the education of migrant

workers is not controlled, the average length of education in the

community (excluding the migrant workers’ own education) has

a significant impact only on parents’ SAH (2) and depression

and not on parents’ SAH (1), SAM, or calculation precision

(Minus7). After the education of migrant workers is controlled,

as shown in Part B, the average length of education in the

community has a significant impact only on parents’ SAH (2)

and does not affect other health indicators. Therefore, in general,

the average length of education in the community is exogenous

to the health of parents. It should be noted that the relationship

between the education of migrant workers and their parents’

SAH (2) is temporarily not considered in the 2SLS regression

analysis because, relative to SAH (2), the instrumental variables

do not meet the exogeneity requirements.

Regarding the effect of migrant workers’ education

on the health of their parents, possible endogeneity has

not been discussed in depth. However, according to our

analysis, there may be an endogeneity problem, which would

lead to inaccurate results. For this reason, the appropriate

control variables were first carefully selected to reduce the

influence of endogeneity as much as possible. Furthermore,

2SLS was used to address the endogeneity problem in a

more comprehensively. The rationality of the instrumental

variables was tested in detail and the instrumental variables

selected in this paper were found to be appropriate. In

this section, IV-probit regression is performed using the

instrumental variable selected above. The results are shown in

Table 6.
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TABLE 5 Instrumental variable test (2): exogeneity test results.

Explanatory variables (1) (2) (3) (4) (5)

SAH (1) SAH (2) SAM Minus-7 Depressed

Part A

The average length of schooling in the community 0.038 0.082** 0.022 0.023 0.102*

(0.038) (0.038) (0.042) (0.035) (0.055)

Control variables Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes

Observations 3,415 3,631 3,532 3,681 3,516

Wald statistical value 166.01 179.38 160.94 506.45 60.85

Pseudo-R2 0.048 0.049 0.057 0.117 0.041

Part B

Migrant workers’ years of education 0.016* 0.017* 0.025*** 0.023*** 0.027**

(0.009) (0.009) (0.010) (0.008) (0.013)

The average length of schooling in the community 0.032 0.074* 0.009 0.012 0.090

(0.038) (0.038) (0.042) (0.035) (0.055)

Control variables Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes

Observations 3,415 3,631 3,532 3,681 3,516

Wald statistical value 168.43 182.53 168.19 511.48 66.67

Pseudo-R2 0.049 0.050 0.059 0.118 0.044

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1, respectively.

TABLE 6 2SLS results.

Explanatory variables (1) (2) (3) (4) (5)

SAH (1) SAH (2) SAM Minus-7 Depressed

Migrant workers’ years of education 0.088 0.160** 0.044 0.051 0.195**

(0.082) (0.063) (0.085) (0.076) (0.089)

Control variables Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes

Observations 3,415 3,631 3,532 3,681 3,516

Wald statistical value 182.00 231.05 163.24 498.46 81.34

Wald test 0.71 4.01** 0.05 0.13 2.48

P-test 0.399 0.045 0.825 0.723 0.115

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1, respectively. The control variables (as shown in Table 2) and the constant terms are not listed.

First, the endogeneity of migrant worker education is tested

with the instrumental variables selected in this paper. The Wald

test shows that, except for SAH (2), the null hypothesis was not

rejected. That is, there was no endogeneity problem. This shows

that the endogeneity problem has been well addressed by the

control variables selected in this paper. Therefore, the results of

the initial regression estimate are credible.

Although there is no endogeneity problem with respect

to the education of migrant workers in this article, the IV-

probit regression shows that an improvement in the education

of migrant workers can significantly reduce the depression of

their parents.

In summary, the estimation results of the baseline

regression, robustness test and 2SLS method show that the

education of migrant workers has a significant positive impact

on the health of their parents, which verifies theoretical

hypothesis 1.

Further analysis

Heterogeneity analysis

To better understand the relationship between the education

of migrant workers and the health of their parents, this section
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TABLE 7 Heterogeneity analysis.

Dependent variables (1) (2) (3) (4) (5) (6)

Less than primary school More than primary school Under 60 Above 60 Cohabitation No cohabitation

SAH (1) 0.021** 0.012 0.018 0.016 −0.014 0.023**

(0.010) (0.017) (0.012) (0.013) (0.022) (0.010)

SAH (2) 0.028*** 0.003 0.010 0.033** 0.045** 0.017*

(0.010) (0.017) (0.012) (0.013) (0.023) (0.010)

SAM 0.032*** 0.010 0.020 0.031** −0.002 0.029***

(0.011) (0.018) (0.013) (0.015) (0.025) (0.010)

Minus7 0.034*** −0.003 0.022** 0.032** 0.036* 0.021**

(0.010) (0.016) (0.011) (0.013) (0.021) (0.009)

Depressed 0.018 0.052** 0.033* 0.033* 0.034 0.030**

(0.015) (0.024) (0.017) (0.019) (0.037) (0.014)

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1. Control variables (as shown in Table 2), statistical indicators and constant terms are not listed.

further discusses whether the influence of the education of

migrant workers on the health of their parents is heterogeneous

in terms of parental education and age and whether they live

with their children. The results are shown in Table 7.

To consider heterogeneity by educational level, because

most parents have a primary school education, the sample is

divided according to primary school education. Column (1)

of Table 7 shows that the education of migrant workers has

a significant impact on all health measures, except depression

(depressed), for parents with a primary school or below

education. Column (2) of Table 7 shows that the education of

migrant workers has a significant impact only on the depression

(depressed) of parents with an education higher than primary

school. In general, there is significant heterogeneity in the health

impact of the education of migrant workers according to the

level of education of the parents.

For heterogeneity by age, since people enter old age at ∼60

years of age, parents are divided into two groups with a cutoff

at age 60. Column (3) of Table 7 shows that for the group of

parents under 60 years of age, the education of migrant workers

has a significant impact on two health indicators of parents,

namely Minus7 and depression, but not on SAH (1), SAH (2) or

SAM. Column (4) of Table 7 shows that for the group of parents

60 years of age or older, the education of migrant workers

has a significant impact on four indicators of parents’ health,

namely SAH (2), SAM, Minus7, and depression, but without

a significant impact on SAH (1). In general, the influence of

children’s education on their parents’ health varies depending on

the age of the parents.

In terms of whether migrant workers live with their parents,

column (5) of Table 7 shows that for the group of migrant

workers living with their parents, education has a significant

impact on only two health indicators of parents, namely SAH

(2) and Minus7, and it does not have a significant impact on

SAH (1), SAM, or depression. Column (6) of Table 7 shows

that for the group of migrant workers not living with their

parents, education has a significant impact on all parents’

health indicators. Therefore, the impact of the education of

migrant workers on the health of their parents has significant

heterogeneity. The results of the heterogeneity analysis support

hypothesis 2.

Influencing mechanism analysis

Currently, the way in which the education of migrant

workers affects the health of their parents is unclear (17).

The existing literature theoretically discusses the possible ways

children’s education affects the health of their parents and posits

that children’s education can improve the health of their parents

by relaxing parental budget constraints and improving resource

allocation and utilization efficiency. However, there are few

empirical tests of this proposition.

Because budget restrictions are reflected primarily in an

individual’s economic situation and healthy productivity is

achieved primarily by healthy behavior, this article will discuss

the channels by which migrant workers’ education affects

their parents’ health from the perspective of the economic

situation of migrant workers and the healthy behavior of their

parents. In view of the available data, this paper uses the

family income (IM) and work type (WK) of migrant workers

as indicators to measure their economic status and uses the

length of sleep (NST), lunch break (NSM), strong exercise

(VS), moderate exercise (MS), light exercise (LS), smoking (SK),

alcohol consumption (DK) and physical examinations (PE) of

their parents as indicators of healthy behaviors. According to

Li’s classification (37), this article divides the types of work

into five categories according to the prestige of the profession

from low to high, where 1 denotes jobs in agriculture, forestry,

animal husbandry, fisheries and water conservancy production;
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2 denotes commercial workers, personnel from the service

industry and production and transportation workers; 3 denotes

clerks; 4 denotes professional and technical personnel; and 5

denotes jobs in charge of a unit. As this paper studies migrant

workers, the first type of occupation is excluded, while the others

remain unchanged. The above information can be obtained from

the CHARLS data in 2011 and 2013 and is not described here.

To effectively reveal the transmission mechanism, the

intermediary effect test method proposed by Baron and Kenny

(36) is adopted and a recursive model is established to test the

mediating effect of economic status and the health behaviors

of their parents’ health behaviors. (1) To test the influence of

the education of migrant workers on their parents’ health, if

the coefficient of education of migrant workers is significant,

the education of migrant workers has a significant impact on

their parents’ health. (2) To test the impact of the education

of migrant workers on their economic status and their parents’

health behaviors as intermediary variables, if the coefficient of

education of migrant workers is significantly positive, education

is conducive to improving the economic status of migrant

workers and their parents’ health behaviors. (3) Based on the

first step, we add the variables for the economic status and their

parents’ health behaviors. If the influence of the intermediary

variables is positive and the coefficient of education of migrant

workers is lower than in the first step or becomes insignificant,

the economic status of migrant workers and the health behaviors

of their parents have partial or full intermediary effects.

Based on the above test ideas, we set the following

empirical model:

The first step is to test whether the education of migrant

workers affects the health of their parents.

Pr(Yi = i) = φ
(

α + βEi + γXi + µk + ui
)

(2)

The second step is to test whether the education of migrant

workers affects their economic status and the health behaviors of

their parents.

Pr(IBi = 1) = φ
(

α + βEi + γXi + µk + ui
)

(3)

The third step is to include variables of education, economic

status, and parents’ health behavior into the model at the

same time.

Pr(Yi = i) = φ
(

α + δIBi + βEi + γXi + µk + ui
)

(4)

The first model is the same as model (1), and the results shown

in Table 2 are basically in line with the theoretical expectation.

Therefore, these results are not described here in detail. IBi

represents the mediating variables: the economic status of

migrant workers and the health behaviors of their parents [when

the mediating variables are continuous variables, model (3) is

carried out using the OLS method]. This part focuses on the

second and third steps, and the results are shown in Tables 8,

9, respectively (all coefficients are marginal effects).

As shown in Table 8, the results of the second step test

show that the education of migrant workers has a significant

impact on the behavior of their parents in terms of health

and their own economic situation. Migrant workers’ education

significantly improves their parents’ sleep (night sleep and naps),

alcohol consumption and physical examination behaviors, and

their own economic status (income and work). However, the

education of migrant workers also significantly reduced the

possibility that parents do not smoke, which shows that the

education of migrant workers may increase the probability that

their parents smoke (38–41). However, the measurement of

parents’ smoking behavior is based on whether parents have

smoked, not whether they currently smoke, so the indicator is

not rigorous and may not accurately reflect the impact of the

education of migrant workers. Therefore, the significance of this

index is relatively limited. The coefficients for parental health

behaviors, captured by hours of sleep at night and during lunch

break, smoking, drinking, and physical examinations, and the

economic status of migrant workers, captured by their income

and work status, are significant. Therefore, in the third step we

add these seven variables to analyze the mediation effect.

According to Table 9, the third step of the test shows that

from the perspective of the economic situation of migrant

workers, income and work type have a significant impact on

the health of parents. From the perspective of parental health

behaviors, the length of sleep at night, the length of lunch

breaks, alcohol use, and physical examinations had significant

effects on parents’ health. Having an extended lunch break

reduced parental depression (depressed), but this effect was

significant only statistically and not economically (42–44). There

was heterogeneity in the influence of physical examinations on

the health of the parents. This may be because as parents age,

physical examinations allow them to detect their own diseases,

leading to an increased psychological burden and a lower

subjective assessment of their own health. However, according

to the objective health indicator of Minus7, the health of

parents improved with participation in physical examinations,

indicating that physical examinations can indeed improve the

health of parents. Therefore, it is necessary to correctly recognize

health changes to maintain physical and mental health.

In addition, parents who had never smoked before had

a lower SAH (1). This may be because this indicator reflects

the impact of family history on health. Long-term smoking

behavior requires financial support and cannot be maintained

with low family income, and family history is also an important

factor affecting parents’ health. As a result, parents’ SAH (1)

may be poor if they have never smoked. Therefore, we must

be cautious when making inferences about these indicators of

health behavior.

Additionally, after controlling the intermediary variables,

compared to the coefficient estimation results regarding the

Frontiers in PublicHealth 13 frontiersin.org

453

https://doi.org/10.3389/fpubh.2022.1002216
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yang and Fahad 10.3389/fpubh.2022.1002216

TABLE 8 Mechanism analysis: second step.

Explanatory variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

NST NSM VS MS LS SK DK PE IM WK

Migrant workers’ years of education 0.024** 0.490* −0.004 0.000 0.004 −0.005*** 0.006*** 0.004* 0.045*** 0.100***

(0.011) (0.255) (0.004) (0.004) (0.004) (0.002) (0.002) (0.003) (0.011) (0.006)

Control variables Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Observations 4,259 4,314 1,724 1,722 1,711 3,300 4,487 4,412 3,414 3,594

Wald/F statistical value 4.935 16.765 212.68 180.35 61.76 892.22 856.86 260.34 10.850 10.782

Pseudo/Adj-R2 0.034 0.062 0.095 0.079 0.038 0.511 0.170 0.051 0.095 0.110

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1. The control variables (as shown in Table 2) and the constant terms are not listed.

TABLE 9 Mechanism analysis: third step.

Explanatory variables (1) (2) (3) (4) (5)

SAH (1) SAH (2) SAM Minus7 Depressed

Migrant workers’ years of education 0.004 0.000 0.003 0.002 −0.003**

(0.004) (0.004) (0.003) (0.004) (0.002)

IM 0.025*** 0.025*** 0.024*** 0.015* 0.007**

(0.008) (0.007) (0.006) (0.008) (0.003)

WK −0.005 −0.012 0.001 0.002 0.013**

(0.013) (0.012) (0.010) (0.013) (0.005)

NST 0.022*** 0.025*** 0.015*** 0.011** 0.015***

(0.005) (0.005) (0.004) (0.005) (0.003)

NSM 0.000 0.000 −0.000 −0.000 0.000**

(0.000) (0.000) (0.000) (0.000) (0.000)

SK −0.056* −0.031 −0.021 −0.017 0.001

(0.033) (0.029) (0.025) (0.033) (0.015)

DK 0.059** 0.076*** 0.000 0.025 −0.011

(0.024) (0.022) (0.019) (0.024) (0.012)

PE −0.031 −0.044** −0.000 0.061*** 0.010

(0.023) (0.020) (0.017) (0.022) (0.011)

Control variables Yes Yes Yes Yes Yes

Province FE Yes Yes Yes Yes Yes

Observations 1,667 1,932 1,919 1,933 1,781

Wald statistical value 161.47 163.05 104.95 273.45 99.96

Pseudo-R2 0.088 0.089 0.069 0.128 0.122

Robust standard errors are in parentheses, ***P < 0.01, **P < 0.05, *P < 0.1. The control variables (as shown in Table 2) and the constant terms are not listed.

education of migrant workers in model (2) (see Table 2), the

impacts of the education of migrant workers in model (4) on

health indicators, including parents’ SAH (1), SAH (2), SAM,

and calculation precision (Minus7), are no longer significant (see

Table 9). Furthermore, as shown in column (5), the coefficient

of the education of migrant workers on parents’ depression

(depressed) becomes negative. This shows that, on the one hand,

the mediating variables selected in this article can explain why

the education of migrant workers has a positive effect on the

health of their parents (45–48). However, education of migrant

workers can lead to an increase in parental depression. This

may be because after controlling the economic and cognitive

impacts of education on health, having a higher education may

encourage migrant workers to move to distant areas where they

may earn higher income but be separated from their parents for

a long time, leading to increased parental depression.

In summary, children’s economic ability, captured by

their income and work type, and parents’ health behavior,
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captured by their sleep (nighttime sleep and lunch break),

alcohol consumption, and physical examinations, are important

intermediary channels by which migrant workers’ education

affects their parents’ health. This shows that migrant workers’

education has a positive impact on their parents’ health, mainly

through relaxation of budget constraints and improving the

efficiency of their parents’ health production. The above results

verify the hypothesis in the theoretical section.

Conclusion and implications

Under the background of deepening population aging, rural

areas are facing more severe pension problems, and the transfer

of rural labor force to non-agricultural industries and cities

makes this problem more prominent. At the same time, because

the non-agricultural employment labor market is more fully

developed and the degree of marketization is higher, human

capital has become a key factor affecting individual employment

performance. To this end, this paper uses 2011 and 2013 China

Health and Retirement Longitudinal Study (CHARLS) data to

try to examine the impact of migrant workers’ education on

parents’ health from a family perspective. The following results

are obtained. Migrant workers’ education has a significant

positive impact on their parents’ health. Heterogeneity analysis

shows that there are significant differences in the impact of

migrant workers’ education on the health of parents from

different groups. This positive effect has a greater impact on

the health of parents who are older, less educated, and do

not live with their children. Mediation analysis shows that

children’s economic ability, captured by income and type

of work, and parents’ health behavior, captured by sleep,

alcohol consumption, and physical examinations, mediate the

relationship. Therefore, the education of migrant workers affects

the health of their parents mainly by relaxing budget constraints

and improving the efficiency of the health production of their

parents. In addition, this paper also found that when the

mediating effect of children’s economic resources and parents’

health behavior is controlled, the education of migrant workers

may significantly increase parents’ depression, but it does not

affect other health indicators.

The results of this study show that children’s education is

universal in improving parents’ health. Previous studies have

found that children’s education can improve parental health for

the general population (9, 17). However, there is no research on

migrant farmers. For this group, in order to obtain economic

income, they have to leave the family, resulting in the inability

to give their parents daily care and emotional comfort, and can

only rely on economic resources to meet their parents’ health

needs (4). However, the results of this study show that the

improvement of children’s education on parents’ health is not

limited by time and space. Even if they cannot physically live

together, children’s education can still improve parents’ health.

This is consistent with the findings of Liu (21). They believe that

the damage to parents’ welfare is not caused by the departure

of children, but by the disappearance of social networks among

family members. As long as there is a social network between

family members, even if the family members are not together,

children can still improve parental welfare.

Different from previous studies, this paper further examines

the initiative of parents in the process of children exerting

influence on parents. The results show that the improvement

of children’s education on parents’ health will be affected

by parents’ initiative. Those parents who are young, highly

educated, and live with their children have higher ability to

improve their own health, and they do not need too much

support from their children (4), which makes their children’s

education have less impact on the health of such parents.

However, those parents who are older, less educated and unable

to live with their children are limited by their own abilities,

and they need their children’s support even more (9), which

makes children’s education have a greater impact on the health

of such parents.

In the process of analyzing the impact mechanism, the

research in this paper found that economic resources play an

important role in the process of migrant farmers’ education

affecting their parents’ health, which is consistent with the

research conclusion of Ma (17). Additionally, further analysis

in this paper found that in addition to economic resources,

improving parental health behavior also played an important

mechanism role. When the intermediary effect of children’s

economic resources and parents’ health behaviors is controlled

at the same time, the influence of migrant workers’ education on

many indicators of parents’ health basically disappears, which

indicates that migrant workers’ education mainly achieves the

purpose of improving parents’ health through their economic

resources and parents’ health behaviors. In addition, this paper

also found that when the intermediary effect of children’s

economic resources and parents’ health behavior is controlled

at the same time, the education of migrant workers will lead

to a significant increase in parents’ depression, which indicates

that although education can bring positive effects such as the

improvement of economic ability, it may also have negative

effects. However, previous studies on general groups focused

mainly on the former and neglected the latter. The research

on migrant farmers in this article provides a natural advantage

in identifying the negative effects of education. The reason is

that education can improve the economic income of migrant

farmers, mainly by forcing them to leave their hometown and go

to cities to look for better employment opportunities. However,

this will lead to the separation of parents and children, which

will easily cause parents to miss their children, and then induce

parents’ depression.

Although some new discoveries have been made, there are

still some shortcomings in this paper that need to be improved.

First of all, this paper only uses the years of education to
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measure education, but fails to discuss the influence of different

majors and different quality of education. Second, research

on the influence mechanism is limited to the family, and the

influence of social capital, such as neighborhood interaction, is

not discussed. According to the availability of data, the author

will continue to focus on this issue.

Based on the above analysis, this paper highlights the

importance of developing education in rural and poor areas.

Then, as an externality of education, the health of individuals

and their family members can be improved, which in turn can

promote the transfer of rural labor to non-agricultural industries

and cities, improve the supply of labor, curb the rapid rise of

labor costs, and promote healthy economic development.
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The relationship between lead exposure and neurological disorders has been

extensively studied, but the e�ects of lead exposure on hepatotoxicity are

unknown. Metabolically related fatty liver disease (MAFLD) is an update of

previous non-alcoholic fatty liver disease (NAFLD). It redefines the diagnostic

conditions and emphasizes metabolic factors while considering non-alcoholic

factors. Lead can a�ect the endocrine system and metabolism, so we believe

that lead exposure may contribute to MAFLD. 41,723 individuals who had

undergone blood lead testing from 2005 to 2018 in the National Health

and Nutrition Examination Survey (NHANES) database were selected for this

study. The characteristics of population lead exposure in the last decade or

so, the e�ect of lead exposure on liver function and whether lead exposure

can cause MAFLD were analyzed. Co-variates were adjusted according to

age, ethnicity, body mass index (BMI), waist circumference, visceral adiposity

index (VAI), poverty indices (PIR), diabetes, hypertension, and hyperlipidemia.

The results showed that blood lead concentrations stabilized at a low level

after a decreasing trend from year to year. The di�erences in blood lead

concentrations were associated with di�erences in age, sex, race, education

level, and PIR. Lead exposure was an independent risk factor for MAFLD, and

lead and nine other factorswere used as independent risk factors forMAFLD, so

a nomogram was established to predict the prevalence probability of MAFLD.

KEYWORDS

lead (Pb) exposure, public health, MAFLD, NHANES, fatty liver disease

Introduction

Lead (Pb) has permanent adverse effects on the human body and lead exposure

has become one of the major public health problems. In worldwide, lead exposure is

result in more than one million deaths each year, and 24.4 million disability-adjusted life

years (1). Lead is widely found in nature and people’s lives including natural soil lead
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enrichment, legacy deposition, contemporary mining emissions,

and lead-based paint and considered as a potent environmental

toxin with its cumulative characteristics and non-biodegradable

nature (2, 3). A study in China found that even if the food

lead level is lower than the standard, it will eventually be

enriched in the human body through cumulative effects (4). The

accumulation of lead through the food chain is the main way

of lead exposure, followed by direct inhalation and skin contact

(4). And with age, smoking status, and alcohol consumption

the blood lead levels are significantly increased (2). Although

the definition of lead poisoning varies from different countries,

there is a consensus that there is no exact safety threshold

for lead concentration. The Centers for Disease Control and

Prevention (CDC) defines a blood lead concentration>10µg/dl

as a significant increase in blood lead, while a blood lead

concentration >5 µg/dl should initiate public health action

(5). Blood lead level equal or >10 µg/dl is unsafe for infants,

children, and women of childbearing age and blood levels

equal or >30 µg/dl is unsafe for workers in occupational

settings (2, 5, 6). Although, in recent decades, overall lead

exposure levels have been degraded, there is still a significant

lead exposure problem among poor and underserved urban

populations. When considering the influence of social factors

on lead exposure, it is found that economic conditions, living

conditions or ethnicities also affect the concentration of blood

lead (7–9).

After lead exposure, it is difficult for the human body to

remove lead in a short time, so it has a cumulative effect,

resulting in chronic lead poisoning. About 99% of circulating

lead invades into erythrocytes and permeates into brain, liver,

renal cortex, lungs, teeth, bones and other tissues and organs in

varying degrees within 4–6 weeks (10). Lead is usually excreted

with urine in a primordial form (inorganic lead) as well as the

absorbed lead also can be secreted into bile, gastric fluid, saliva

and eventually excreted through feces (2). Lead can spread all

over the body and produce toxic effect, but compared with other

systems, lead poisoning in nervous system has been studiedmost

extensively. The lead toxicity mainly related to the ability to

replace other bivalent cations such as Ca2+, Mg2+, Fe2+, and
monovalent cations like Na+ with the form of Pb2+, which
finally disturbs the cell biological processes including cellular

signaling, protein folding, enzyme regulation, maturation, ionic

transportation, oxidant-antioxidant balance, and inflammatory

responses (2).

Some studies have found that lead can also affect the

development of metabolism and liver disease. In fact, the liver

is one of the main target organs for the accumulation of most

metals after exposure (11). Lead is considered an endocrine-

disrupting chemical, and in some cases, human exposure levels

have been linked to the incidence of diabetes and related

metabolic syndromes (5). A study based on young Mexican

adults found that chronic lead exposure in early childhood was

associated with high levels of liver steatosis, biomarkers, and

hepatocellular damage in young adults (12). Lead may affect

lipid metabolism leading to steatosis of liver cells eventually

developing metabolic associated fatty liver disease (MAFLD)

(13). MAFLD is an update of previous non-alcoholic fatty liver

disease (NAFLD). It redefines the diagnostic conditions and

emphasizes metabolic factors while considering non-alcoholic

factors. The new diagnostic criteria are based on the presence

of fatty liver suggested by liver biopsy histology or imaging

or even blood biomarkers, while meeting one of the following

three conditions: overweight/obesity, type 2 diabetes, and

metabolic dysfunction (14). Studies on the pathogenesis of

MAFLD have found that MAFLD originates from an underlying

state of metabolic dysfunction. Therefore, to further clarify

the effects of lead on liver function and whether lead could

independently cause MAFLD, this project was based on the

National Health and Nutrition Examination Survey (NHANES)

database with sociodemographic characteristics and underlying

disease information to provide guidelines for the prevention of

MAFLD and better response to the public health problems of

lead exposure and poisoning.

Methods

Database

The National Health and Nutrition Examination Survey

(NHANES) is a major program of the National Center for

Health Statistics (NCHS) and is responsible for providing vital

health statistics for the United States. The survey is conducted

annually on a representative sample of ∼5,000 people in the

United States. These individuals are located in counties across

the country, 15 of which are visited each year. NHANES

interviews included demographic, socioeconomic, dietary, and

health-related questions. The examination component included

medical, dental, and physiological measurements, as well as

laboratory tests performed by trained medical personnel (15).

Definition of MAFLD

The diagnosis of MAFLD is based on hepatic steatosis

and requires the fulfillment of any one of overweight/obesity,

diabetes, or metabolic dysfunction and according to the

definition of MAFLD, metabolic dysfunction is defined as

the presence of at least two of the following (14): (1) waist

circumference, >102 cm for male and >88 cm for female;

(2) hypertension (arterial blood pressure ≥130/85 mmHg or

on antihypertensive therapy); (3) hyperlipidemia (triglycerides

(TG) ≥1.70 mmol/L or on lipid-lowering therapy); (4) serum

high-density cholesterol (HDL-C) levels are reduced (<1.0

mmol/L for male and <1.3 mmol/L for female); (5) diabetes or
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FIGURE 1

Exposure patterns in the US. (A) Median blood lead concentration in the population for each survey cycle, bars represent 95% confidence

interval; (B–F) Frequency distributions of blood lead concentrations were plotted and merged with demographic characteristics. ****p-value <

0.0001; ns, no significant.

pre-diabetes, and (6) serum hypersensitivity C-reactive protein

(hs-CRP) levels >2 mg/L (16).

Data extraction

The information extracted from NHANES (year:

2005–2018) includes the following, but is not limited to,

socio-demographic characteristics and lifestyle habits, such

as poverty indices (PIR), smoking and alcohol consumption.

Simultaneously, data on physical examination results, laboratory

test results, and underlying diseases are also collected to better

assess physical health, such as body mass index (BMI), hs-CRP,

hypertension, and hyperlipidemia. Hypertension was confirmed

either as self-reported physician-diagnosed hypertension, blood

pressure >130/85 mmHg, or treatment with antihypertensive

medication during survey. Hyperlipidemia was diagnosed

based on the participant’s health history or total cholesterol

>5.72 mmol/L or triglycerides >1.70 mmol/L, and the lipid-

lowering medication status. Liver dysfunction can be attributed

to the abnormal values of certain enzymes and proteins

such as total bilirubin (TBIL), aspartate aminotransferase

(AST), alanine aminotransferase (ALT), and γ-glutamyl

transpeptidase (GGT). The normal ranges for AST and

ALT were ≤40 (U/L), GGT was ≤50 (U/L), and TBIL was

≤17.1 (µmol/L).
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Statistical analysis

Given the inherent limitations of the complex survey

design used by NHANES (such as oversampling of certain

populations, survey non-response, and post-stratification),

NHANES provides weighting variables to help account for some

of the biases introduced by this complex survey design (17).

Thus, the weighting of data during our study improves the

accuracy of the calculated estimates to be truly representative of

the US civilian non-institutionalized population. The “svytable”

command in the “survey” package of R is used to calculate

the total number of people of different genders after weighting,

and then add them together to get the total number of people

that can be represented by this study. Continuous variables

were expressed as x̄ ± SD deviation. The Kolmogorov-Smirnov

test was used to test whether continuous variables obeyed a

normal-terms distribution. Differences between non-normally

distributed continuous variables were analyzed using the Mann-

Whitney U-test, while normally distributed variables were

analyzed using the Student’s t-test. Categorical variables were

expressed as percentages and analyzed by the Chi-squared test.

Weighted linear regression was used to obtain differences in

blood lead concentrations between subgroups with different

demographic characteristics and differences in liver function

between subgroups after adjustment for co-variates.Multivariate

logistic regression was used to explore independent risk factors

for MAFLD. All tests were two-tailed and results with a p-value

<0.05 were considered statistically significant. The statistical

analyses described above were performed by GraphPad Prism

9 and R4.1.2.

Results

Exposure patterns in the US

In this study, blood lead data were collected from 2005 to

2018 from 41,723 individuals with blood lead levels ranging

from 0 to 61.29 µg/dl and these individuals could effectively

represent 186,273,519 unsurveyed the United States residents.

Analysis of population mean blood lead levels from 2005 to

2018 showed a decreasing trend in population blood lead

concentrations, with blood lead levels continuing at low levels

after 2013 (Figure 1A). Frequency distributions of blood lead

concentrations were plotted and merged with demographic

characteristics after grouping five demographic data: age,

gender, ethnicity, education level, and PIR (Figures 1B–F).

After grouping according to demographic characteristics,

the number of people and percentage of each group and

the mean blood lead concentration were shown in Table 1.

We compared ethnicity-adjusted, gender-adjusted, education-

adjusted, and PIR-adjusted mean blood lead concentrations

for each age group by using linear regression and found

TABLE 1 Mean blood lead concentration for age, gender, ethnic,

education, and PIR group.

Objects Count

(percent)

Blood lead

(µg/dl, X̄ ± SD)

Age

≤20 13,962 (34.46%) 0.80± 0.01

21–40 9,640 (23.10%) 1.06± 0.02

41–60 9,295 (22.27%) 1.56± 0.03

>60 8,826 (21.15%) 1.87± 0.03

Gender

Female 20,572 (49.29%) 1.11± 0.01

Male 21,151 (50.68%) 1.52± 0.02

Ethnicity

Non-Hispanic white 16,397 (39.29%) 1.30± 0.02

Mexican American 7,696 (18.44%) 1.31± 0.04

Non-Hispanic black 9,405 (22.54%) 1.41± 0.03

Other Hispanic 3,772 (9.04%) 1.11± 0.04

Other race—including multi-racial 4,453 (10.67%) 1.36± 0.04

Education

Less than high school 19,356 (46.38%) 1.25± 0.02

High school grad 7,133 (17.09%) 1.48± 0.03

More than high school 15,234 (36.50%) 1.28± 0.02

PIR

0.00–1.30 14,824 (35.52%) 1.41± 0.03

1.30–3.50 15,554 (37.27%) 1.31± 0.02

>3.50 11,345 (27.19%) 1.25± 0.02

that blood lead concentrations increased with age in the

population. We compared the relationship between individual

demographic characteristics and blood lead concentrations by

linear regression, with the other four characteristics adjusted as

co-variates when one characteristic was used as the independent

variable. We found that all five demographic characteristics can

influence the mean blood lead concentration in the population.

Blood lead concentrations in the population increased with

age, and men had higher mean blood lead concentrations than

women. Compared to non-Hispanic white participants in the

United States, blood lead concentrations were higher in non-

Hispanic black participants and other race (including multi-

racial) participants, lower in other Hispanic participants, no

difference in blood lead betweenMexican American participants

and the non-Hispanic white. The level of education also

affected blood lead concentration, with those with higher

education having significantly lower blood lead levels than those

with lower education. According to Supplemental Nutrition

Assistance Program (SNAP) recommended method, we divided

the population into three groups according to PIR: 0–1.3, 1.3–

3.5, and ≥3.5, which represent three different family economic

levels, and the higher the PIR, the better the economic condition.

The blood lead concentration in the population showed a
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TABLE 2 Di�erences of blood lead concentration in di�erent

subgroups by adjusting demographic characteristics.

Objects Differences in blood

lead concentration

(µg/dl)

p-value

Age

≤20 Reference# –

21–40 0.55 1.96e−29

41–60 1.09 3.89e−47

>60 1.38 8.60e−67

Gender

Female Reference$ –

Male 0.46 <2e−16

Ethnicity

Non-Hispanic white Referenceθ –

Mexican American 0.08 0.10449

Non-Hispanic black 0.16 9.27e−06

Other Hispanic −0.13 0.00173

Other race—including multi-racial 0.16 3.84e−05

Education

Less than high school ReferenceΦ –

High school grad −0.20 6.80e−11

More than high school −0.32 <2e−16

PIR

0.00–1.30 ReferenceΨ –

1.30–3.50 −0.18 3.42e−08

>3.50 −0.24 3.19e−09

#After adjusting for sex, ethnicity, education level, and PIR, compared with the age ≤20

years group, the average blood lead concentration was 0.55 µg/dl higher in the 21–40

years group, 1.09 µg/dl higher in the 41–60 years group, and 1.38 µg/dl higher in the

>60 years group.
$After adjusting for age, ethnicity, education level, and PIR, the average blood lead

concentration in male is 0.1 g higher than that in female.
θAfter adjusting for age, sex, education level, and PIR, compared to Non-Hispanic

white population, the average blood lead concentration was not significantly different

in Mexican American population, 0.16 µg/dl higher in Non-Hispanic black population,

0.13 µg/dl lower in Other Hispanic population, and 0.16 µg/dl higher in other race.
ΦAfter adjusting for age, sex, ethnicity, and PIR, compared to those whose educational

level was less than high school, the mean blood lead concentration was reduced by 0.20

µg/dl in the high school grad group and 0.32 µg/dl in the more than high school group.
Ψ After adjusting for age, sex, ethnicity, and education level, compared with the PIR0.00–

1.30 group, the average blood lead concentration in the PIR1.30–3.50 group decreased

by 0.18 g, and the average blood lead concentration in the PIR >3.50 group decreased by

0.24 g.

negative correlation with the economic level, the worse the

economic condition of the family, the higher the blood lead

concentration (Table 2).

Lead could induce liver dysfunction

We evaluated the effect of lead on liver function. Liver

function was assessed by liver enzymatic parameters and total

bilirubin. We obtained liver function data and information on

smoking, alcohol consumption, hypertension, hyperlipidemia,

diabetes, metabolic syndrome, height, weight, body mass index

(BMI) and visceral adiposity index (VAI) from the 41,723

people mentioned above. After the exclusion of individuals with

missing values, the remaining 12,682 individuals were included

in the subsequent study. These individuals could effectively

represent 67,519,958 unsurveyed the United States residents.

The population was divided into normal and abnormal groups

according to the normal values of ALT, AST, GGT and TBIL,

and whether there were differences in blood lead concentrations

between the two groups were compared. We found that the

median blood lead concentrations in the ALT, GGT, and TBIL

abnormal groups were higher than those in the normal group,

while there was no significant difference between the AST

abnormal group and the normal group (Figure 2). Subsequently,

we divided the population into two groups according to the

median blood lead concentration <1.05 and ≥1.05 µg/dl, and

further distinguished whether the liver function was normal in

the two groups separately. Elevated blood lead concentrations

were found to be more likely to lead to liver dysfunction,

and more people in the high blood lead concentration group

had AST, GGT, and TBIL outside the normal range compared

to the low blood lead concentration group, but there was no

difference in the proportion of abnormal ALT between the

two groups (Figure 3). We included diabetes, hypertension,

hyperlipidemia, BMI, VAI, which were considered to affect

liver function in clinical work, and demographic data as co-

variates. Weighted linear regression was used to determine the

specific differences of liver function between high and low

blood lead groups. Compared to the lead <1.05 µg/dl group,

the lead ≥1.05 µg/dl group had an increase of 1.63 U/L in

ALT, 1.42 U/L in AST, 3.42 U/L in GGT, and 1.20 µMol/L in

TBIL (Table 3).

Diagnosis of MAFLD

Lead can affect metabolism, and it has also been

demonstrated that lead could affect liver function, so

we hypothesized that lead may induce MAFLD. We

extracted information on liver steatosis, metabolic

dysfunction, triglyceride, and hs-CRP from the

12,682 individuals with liver function data described

above. Of these, 10,654 individuals did not enter the

subsequent study because they lacked the necessary

information to diagnose MAFLD. The remaining

2,028 individuals could effectively represent 12,015,077

unsurveyed the United States residents. 1,067 people

were identified as having MAFLD and 961 were not

(Supplementary Table S1).
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FIGURE 2

The violin plots reflect the e�ect of lead exposure on liver function. (A) AST > 40 U/L group had higher blood lead concentration; (B) The e�ect

of lead exposure on ALT was not significant; (C) GGT > 50 U/L group had higher blood lead concentration; (D) TBIL > 17.1 µMol/L group had

higher blood lead concentration. ***p-value < 0.001; ****p-value < 0.0001; ns, no significant.

Lead a�ects the development of MAFLD

The above 2,028 people were divided into MAFLD diseased

and non-diseased groups, and the lead concentration was

significantly higher in the diseased group than in the non-

diseased group (Figure 4A). The two groups were further

divided into two subgroups: blood lead <1.05 and ≥1.05

µg/dl. The proportion of blood lead ≥1.05 µg/dl in MAFLD

group was 1.16 times higher than that in non-MAFLD group

(Figure 4B). To further investigate whether lead is a pathogenic

mechanism in MAFLD, 1,500 individuals were randomly

selected from 2,028 as the training set and 528 as the validation

set. Lead, diabetes, smoking, hypertension, hyperlipidemia,

VAI, metabolic syndrome, BMI, waist circumference, PIR, age,

gender, ethnicity, and education level were included in the

logistic regression and were performed in the training set. After

stepwise regression, lead, DM, hypertension, hyperlipidemia,

VAI, BMI, waist circumference, PIR, ethnicity, and education

level were identified as independent risk factors for MAFLD

and the regression model was refitted, and the co-efficients was

summarized in Tables 1–3. The multifactorial logistic regression

model was validated in the validation set, with the model

predicting MAFLD with an accuracy of 76.76% and negating

MAFLD with an accuracy of 76.63%, giving the model an

overall efficiency of 76.70% (Figure 4C). The efficacy of the

model was further assessed using the ROC curve with AUC

= 0.86, indicating that the logistic regression model has good

discrimination (Figure 4D). Finally, all 2,028 subjects were

included in the logistic regression model, and a nomogram

was created to visualize the model, enabling visualization of

the probability of lead exposure with other different causative

factors leading to MAFLD (Figure 4E). For a given patient, each

independent risk factor had a specific value. The score for each

indicator was obtained by projecting the values onto the first row

of the “Points” scale. The scores for all independent risk factors

were simply summed to obtain a total score. The final score was

found in “Total points” and projected to “Risk of affairs” to find

the probability of developingMAFLD after lead exposure for the

patient (Supplementary Figure S1).

Discussion

Our study is the first to identify lead exposure as an

independent risk factor for MAFLD in a population, which

can cause hepatic insufficiency at blood lead concentrations <5

µg/dl, resulting in elevated AST, GGT, and TBIL. Based on the

results of the study, we developed a nomogram that facilitates

the clinical diagnosis of MAFLD.
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FIGURE 3

The percent bar charts reflect proportion of normal and abnormal liver function at di�erent levels of lead exposure. (A) The group with blood

lead concentration >1.5 µg/dl had a greater proportion of individuals with AST > 40 U/L; (B) There was no significant di�erence in the

proportion of individuals with ALT > 40 U/L between the high and low blood lead concentration groups; (C) The group with blood lead

concentration >1.5 µg/dl had a greater proportion of individuals with GGT > 50 U/L; (D) The group with blood lead concentration > 1.5 µg/dl

had a greater proportion of individuals with TBIL > 17.1 µMol/L.

The toxicity of lead was widely recognized in the late 19th

century as a neurotoxin accumulated in soft tissues and bones;

it destroys the nervous system, interferes with the function of

biological enzymes, and leads to nervous system disorders, from

behavioral problems to brain damage. It also affects general

health, cardiovascular and renal systems (2). In recent decades,

there has been a marked decline in blood lead levels in the US

population, largely due to the introduction of unleaded gasoline

in the 1980s. This change did have a rapid impact on overall

lead exposure levels in children, with average blood lead levels

decreasing from 13.7 3.2 µg/dl between 1976 and 1994 (5).

The CDC estimated that the average blood lead level in the

US population would be reduced to 1.5 µg/dl in 2005 (18),

and our results confirm this prediction and find that it has

fallen further and remained at a lower level (0.5–1 µg/dl) in the

following decade (Figure 1A). A notable feature of the current

lead exposure situation in the United States is that it is unevenly

distributed. Exposure levels are higher among poor, underserved

populations, primarily in urban industrial areas (5). Similar

results were found when we grouped the population by PIR for

economic conditions and found that blood lead concentrations

were significantly lower in those with good economic conditions

compared to those with poor economic conditions. The mean

blood lead concentrations in the PIR 1.30–3.50 and PIR >3.50

groups were lower than those in the PIR 0.00–1.30 group by

0.18 µg/dl and 0.24 µg/dl, respectively. We also found that the

average blood lead concentration increased with age, which may

be related to the bioaccumulation effect of lead. Of course, it also

had something to do with the social environment of different

groups, which may give older people more exposure to lead than

the younger group. For example, older adults are more likely

than younger groups to have had greater exposure to leaded

gasoline or to use leaded alloys that accumulated in their bodies

prior to the policy change. Blood lead levels also differed between

genders, with males having higher mean blood lead levels than

females at 0.46 µg/dl. Studies have shown that women and

men are exposed to the same levels of lead exposure (19), with

men having higher blood lead levels and possibly being more

susceptible to the effects of lead poisoning than women (20).

This result suggested that the minimum intervention blood lead

concentrations for males and females may need to be defined

separately. There were significant differences in blood lead levels

between different ethnicities, with Mexican Americans having

no significant difference in blood lead levels compared to Non-

Hispanic White, Other Hispanic having lower blood lead levels

than Non-Hispanic White, and Non-Hispanic Black and Other

Race (Including Multi-Racial) having higher blood lead levels

than Non-Hispanic White. The level of education also affects
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TABLE 3 Di�erences of liver function between high and low blood

lead groups.

Liver function Differences of liver

function (compared with

blood lead concentration

<1.05 µg/dl group)

p-value

ALT (U/L) 1.63Φ 3.79e−05

AST (U/L) 1.42Ψ 4.34e−05

GGT (U/L) 3.42$ 0.000266

TBIL (µMol/L) 1.20# 8.80e−11

ΦCompared to the population with blood lead concentration <1.05 µg/dl, the mean

serum ALT concentration was increased by 1.63 U/L in the population with blood lead

concentration ≥1.05 µg/dl.
Ψ Compared to the population with blood lead concentration <1.05 µg/dl, the mean

serum AST concentration was increased by 1.42 U/L in the population with blood lead

concentration ≥1.05 µg/dl.
$Compared to the population with blood lead concentration <1.05 µg/dl, the mean

serum GGT concentration was increased by 3.42 U/L in the population with blood lead

concentration ≥1.05 µg/dl.
#Compared to the population with blood lead concentration <1.05 µg/dl, the mean

serum TBIL concentration was increased by 1.20 µMol/L in the population with blood

lead concentration ≥1.05 µg/dl.

blood lead levels, with the higher the level of education the

lower the blood lead levels. It may be that people with higher

levels of education have a better sense of precaution or a better

economic base and living conditions that reduce the chances of

lead exposure in their lives.

We assessed liver injury from lead exposure by liver

function, which includes liver enzymes (AST, ALT, and GGT)

and TBIL. Blood lead concentrations were elevated in those with

abnormal AST, GGT, and total bilirubin compared to the normal

population, with no significant differences observed in AST.

When the population was grouped according to median blood

lead levels, the proportion of those with abnormal AST, GGT,

and TBIL was significantly higher in the high concentration

group than in the low concentration group, with the same

results for ALT. After including 12 co-variates, an increase of

1.63 U/L in ALT, 1.42 U/L in AST, 3.42 U/L in GGT, and 1.20

µMol/L in TBIL was found compared to the low blood lead

concentration group. This suggests that the currently defined

normal range of blood lead concentrations may be relatively

loose and dangerous, as organ damage can occur even below

5 µg/dl. The mechanism of lead-induced liver damage is not

fully understood. Oxidative stress is thought to be the main

mechanism of lead poisoning. Lead may cause damage to the

liver by inducing oxidative stress and oxidative damage to

cellular lipids, proteins and DNA and inflammatory markers in

the liver (21). We therefore hypothesized that lead may cause

metabolic disorders in the liver while affecting liver function.

Metabolic (dysfunction) associated fatty liver disease

(MAFLD) is a newly defined fatty liver disease that has recently

been used as an alternative to NAFLD to better define the

cause of fatty liver and to guide clinical trial design and drug

development (14). The heterogeneity of the clinical presentation

and course of MAFLD may be influenced by a variety of factors,

including age, gender, hormonal status, ethnicity, diet, alcohol

consumption, smoking, genetic predisposition, microbiota,

metabolic status and superimposed disease states (14). One of

the most intuitive results was the significantly higher blood

lead levels in the MAFLD group compared to the non-MAFLD

group. Also, the number of MAFLD was greater in the high

blood lead concentration group. These were the basis for further

research. We used logistic regression model to demonstrate that

lead was an independent risk factor for MAFLD along with DM,

hypertension, hyperlipidemia, VAI, BMI, waist circumference,

PIR, ethnicity, and education level. The prevalence of MAFLD,

the risk of complications and the likelihood of disease-specific

mortality increase with age. Gender differences also appear to

contribute to differences in prevalence or outcomes in MAFLD.

But we did not find age and gender to be independent risk

factors for MAFLD in this study. Ten independent risk factors

of MAFLD were used to draw a nomogram. Ten independent

risk factors for MAFLD were used to develop a nomogram to

assess the combined effect of multiple causative factors on the

risk of developing MAFLD. The 10 independent risk factors of

lead exposure patients were scored one by one, and each risk

factor corresponds to a score in the first row of the “Points”

scale. The scores were summed up to get “total point” and the

corresponding relationship between “total point” and “risk of

affairs” was determined to predict the probability of MAFLD

in lead exposure patients. According to current lead exposure

standards, there is a 1–5% probability of developing MAFLD

with a blood lead concentration of >5 or >10 µg/dl only. DM,

hypertension, and hyperlipidemia could affect metabolism and

therefore have an impact on the development of MAFLD. The

nomogram showed that DMhad the greatest impact of the three,

and even IFG alone can promote the progression of MAFLD.

Obesity is a recognized risk factor for MAFLD, but it may

be more meaningful to distinguish between different types of

obesity rather than a single BMI to analyze the effect of obesity

on MAFLD. A greater amount of visceral adipose tissue relative

to peripheral and subcutaneous adipose tissue is associated with

greater metabolic risk (14). We similarly found VAI and waist

circumference to be superior in predicting MAFLD compared

to BMI. Before MAFLD was defined, a meta-analysis found that

the prevalence of NAFLD was highest in Hispanics, lowest in

blacks and intermediate in whites (22). Our results including

more ethnicities indicated that Non-Hispanic Black had the least

impact on MAFLD, Mexican American had the most impact on

MAFLD, with Non-Hispanic White, Other Hispanic and Other

Race (Including Multi-Racial) ranked in the middle in order of

risk from small to large. Poverty and low educational attainment

did not have a significant impact on MAFLD, and people with

good economic conditions and high educational attainmentmay

instead be more likely to develop MAFLD, a phenomenon that

was the opposite of lead exposure. Our nomogram items are
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FIGURE 4

Lead a�ects the development of MAFLD. (A) The violin plot reflects that MAFLD had higher blood lead concentration than non-MAFLD; (B) The

percent bar chart reflects that the MAFLD group a greater proportion of individuals with blood lead concentration >1.5 µg/dl; (C) The four-grid

table shows the di�erence between the predicted value and the actual value of the multifactorial logistic regression model in the validation set.

(D) The ROC curve evaluated the e�ectiveness of multifactorial logistic regression model, AUC = 0.86; (E) A lead exposure related nomogram

for MAFLD prevalence. *p-value < 0.05.
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routine clinical variables readily available to clinicians, thus

allowing the nomogram to be easily adopted in practice, even

by patients themselves, to determine their condition. At the

same time this nomogram can prospectively and dynamically

assess the high green size of MAFLD occurrence as the patient’s

own condition changes. Our nomogram items are routine

clinical variables readily available to clinicians, thus allowing the

nomogram to be easily adopted in practice. Admittedly, many

clinicians will not use blood lead testing as a preferred laboratory

test, leading to possible limitations in the clinical practice of this

nomogram. However, lead exposure remains a thorny public

health problemworldwide, and the health outcomes for the large

number of lead-exposed patients that have now accumulated

should be taken seriously. We hope that this study will draw

the attention of clinicians to protect liver function and prevent

subsequent liver disease in patients with lead exposure or

acute and chronic lead poisoning while paying attention to the

protection of the central nervous system. This nomogram may

also provide assistance in prospectively assessing dynamically

the prevention of MAFLD after lead exposure.

Our study was a cross-sectional study and although it

was established that lead exposure can cause MAFLD, the

relationship between lead exposure duration and MAFLD was

not well-studied. Subsequent cohort studies will be needed to

examine the quantitative and temporal effects of lead exposure

in relation to MAFLD.

Conclusion

Although the average blood lead concentration in the

population has been decreasing each year for the last decade as

sources of lead exposure have been controlled, it has remained

stable at a low level for the last few years. After adjusting

for demographic characteristics such as economic, educational,

and ethnic characteristics, there are significant differences in

mean blood lead concentrations between population subgroups.

Therefore, the prevention and control of lead exposure should

not be neglected. Our study identified lead as a pathogen

of MAFLD and that blood lead concentrations <5 µg/dl

(recommended reference levels for initiating public health

actions) could cause MAFLD, further suggesting that there is

no safe threshold for lead exposure. This study provides valid

evidence for the study and prevention of lead exposure to

metabolic diseases.
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The development of rural tourism presents the complexity of the

industry, environment, governance, and coordination structure. In tourism

development, due to the high dispersion and fragmentation of property rights

of the resource objects themselves, as well as the involvement of many

“atomic” property rights and other stakeholders, coupled with the lack of

strong organization and leadership, the full development and utilization of

rich tourism resources in rural areas is becoming problematic. It is di�cult to

realize the “rental value” of tourism resources, which leads to the tragedy of

anti-commons. Taking the case of China, this paper explores the occurrence

of anti-commons tragedy in the development of rural tourism, identifies

the problems caused by the tragic governance of the anti-commons in the

current environmental development, and further examines the governance

path of the anti-commons tragedy in the tourism sector. The purpose of the

study is to optimize the development environment of rural tourism and build

a healthy space suitable for industry, residence, and tourism.

KEYWORDS

recreation industry, rural tourism, environmental development, anti-commons

tragedy, governance path

Introduction

The development of rural tourism has become an important way to promote the

development of the tourism industry, especially in rural areas with abundant ecological

and cultural resources alongside beautiful and pleasant environments. However, due to

the decentralization of rural resources and the fragmentation of property rights coupled

with the serious issue of empty villages, rural tourism development often faces problems

such as high cost of resource development and difficulties in low-income household

coordination, resulting in a serious tragedy of anti-commons characterized by idle and

wasted resources (1). The term tragedy of anti-commons was first put forward by

American property rights legalist Michael Heller in 1998. It was the situation when

due to the existence of many property owners with exclusive rights in the resources of

the Commons, the pursuit of profit maximization by individuals prevents others from

effectively using the resources of the Commons, resulting in the dilemma of waste and

low utilization of resources (2). Currently, a few villages in China are fragmented as

a result of excessive dispersion of property rights where the tragedy of anti-commons
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due to underutilization of public resources and insufficient

supply of public welfare in rural tourism development has

become increasingly prominent (3, 4). The “tragedy of anti-

commons” studied in this paper is mainly defined as the “tragic”

problems of the high cost of environmental development,

waste, and destruction of rural resources caused by the

contradiction between the institutional system and stakeholders

in the construction of recreation and tourism in some Chinese

villages. For example, the construction team of Suiyang Ming

Village in Guizhou province of China staged a “contest”

of interests between the construction team and the resident

farmers that ended up with the time cost and construction

cost becoming far higher than the objective value. Similarly,

the Tangshan Village in Guizhou had planned to carry out

tourism development, but developers withdrew their capital

after farmers bid up the land transfer price (5). Therefore, it

is necessary to analyze the drivers of anti-commons tragedy

in rural tourism development and explore effective ways to

address it.

Reasons behind the tragedy of
anti-commons

The tragedy of anti-commons in rural environment

development is common. The main reason is the fragmentation

of property rights which strengthens the degree of

exclusivity resulting in the waste of resources that cannot

be effectively used.

Decentralization of resources

There exists a contradiction between the integrity of rural

tourism development and the decentralization of tourism

resources. The scale of the economy of enterprises engaged

in tourism development requires that there is continuous

and overall development, but the tourism resources are

scattered, or even staggered with general resources with

significant spatial division, which makes it difficult to carry

out overall development as planned (6). Suiyang Ming

village land property rights between public and private

holdings were difficult. There were many real estate disputes

and the village farmers and the construction team were

engaged in a “protracted war.” The scattered land resources

occupied by the construction team needed to be negotiated

with the farmers according to the issue of land property

rights. However, it proved to be difficult for scattered

landowners to reach an agreement with the developers,

which made the progress of rural tourism development

very difficult.

Fragmentation of power and
responsibility

There is a contradiction between the integrity of rural

tourism operation and management and the fragmentation

of rural resource property rights. Tourist operators and

management need unified standards, but because the control of

rural resources is in the hands of a large number of farmers, it

is very difficult to arrive at unified planning and management.

The fragmented plots and scattered property rights are the

main factors restricting the development and construction

of rural tourism, and the resulting small-scale decentralized

operation is inevitable (7). Longtou Village in Shanxi province

mainly relied on farmers to operate small workshops, undertake

responsibilities, and manage the operations. Due to the lack

of unified operation and management, the small workshops

gradually suffered after the initial prosperity, and further

industrial development was stalled.

Conflict and competition of interests

A contradiction exists between the overall income of rural

tourism and the individual income of tourism stakeholders. In

the development of rural tourism, due to the different resources,

strengths, and interests, differences in income and competition

for interests is inevitable (8). At times, the land transfer price is

too high and exceeds the affordability of the requisitioned party,

resulting in the land remaining idle and undeveloped. Further,

unequal land distribution and interests are the fundamental

causes of the differences between the two sides (9). Tangshan

Village in Guizhou province had disputes and conflicts with

farmers regarding the transfer of land for tourism development

and finally had to stop production and shelved the high-quality

rural resources.

Individualization requirements of
environmental development conditions

A contradiction also exists between the full regional

requirements of rural tourism development and the personalized

requirements of the stakeholders. Rural tourism is all about

providing a specific kind of mood and atmosphere, which

needs to be planned and developed from a comprehensive

perspective. However, to promote environmental development,

tourism development entities have to meet the individual

requirements of stakeholders, which results in inconsistency

in the overall styles of scenic spots and reduces the tourism

experience. In Tangxi, Shangtian, and Zhangzhai villages in

Wenzhou of Zhejiang province, due to low resettlement fees and

insufficient compensation for housing foundations, individual
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farmers refused to combine their resources with tourism

development and management, resulting in the shelving of

development projects, which in turn affected the expected

development schedule.

Managing the tragedy of
anti-commons tragedy

The contradictions between the whole and the individual,

the dispute of resources, the competition of location, and

competing interests are all important influencing factors. In

addition, the development of the rural environment is also faced

with many problems.

Di�cult to balance the income
distribution

Farmers cannot obtain financial stability from land income

alone and therefore are inclined to be cautious about issues

relating to land property rights and transfer. In the development

of rural tourism, the status of both parties in the transaction is

often unequal, and enterprises are in the dominant position with

relatively comprehensive market information, while the farmers

are in a relatively weak position, insensitive to transaction

information, low attention to market information, and weak

negotiation skills. Enterprises and farmers consider their own

interests, which are ultimately prone to opportunistic behavior,

leading to the failure of transactions between both sides. The

inequality of interest distribution in rural tourism development

creates conflicts, resulting in problems such as construction

plans being shelved and poor negotiations. Moreover, the

conflict of interest arising from environmental development

cannot obtain targeted and specialized legal assistance, which

further deepens the conflict.

Weak sense of integrity

Opportunistic behaviors such as “beating a bamboo stick”

and “hitchhiking” in rural tourism development are the

manifestation of both enterprises and farmers not establishing

integrity and legal consciousness. The weak integrity awareness

of farmers affects the relationship between enterprises and

farmers and hinders the development progress of the rural

environment. This is manifested as “nail households,” “principal

households,” and “condition households” which hinder the

development of rural tourism in various ways. Meanwhile,

enterprises with insufficient integrity awareness and legal

awareness violate the contract or display “edge ball” behavior.

This behavior of obtaining individual income by damaging

the interests of each other threatens the potential cooperative

relationship between the two sides negotiating the process of

rural tourism development. In the process of land transfers,

opportunistic behaviors often occur among stakeholders due to

weak legal awareness. For example, driving up the land price

leads to excessive development costs for enterprises and violates

the effective contract to seek individual interests.

Imperfect rural governance mechanism

Development enterprises are generally approached through

the village committee, collective economic organizations, and

other representatives of the land circulation negotiations, by

the village committee members or the person in charge of

the organization who will integrate the land use of farmers,

and finally, the two sides agree to sign an agreement. The

government has the right to allocate social resources and

gives the management right of enterprises with professional

development potential, to ensure the smooth progress of

development. However, enterprises may conduct “rent-seeking”

to successfully win the bidding project and establish private

contact with relevant personnel. In this process, there is a

phenomenon that village members purchase land at a low

price, and then transfer it to enterprises at a high price to

obtain the intermediate price difference. Or the development

enterprises and the village committee organization reach an

agreement concealing the actual income of the land transfer,

thereby violating the farmers’ rights and interests.

Hollowed-out rural economy

In the countryside, most of the farmers in the village are

the elderly and children as the young men go out for work,

resulting in a shortage of agricultural labor. Since farming

and its related activities cannot achieve large-scale production,

some cultivable land is abandoned, and housing also reflects a

pattern of “outside expansion and inside empty.” The shortage

of available labor in the village, the lack of human resources

to drive development, coupled with the absence of a unified

economic organization to manage the rural environment and

the need for overall planning in the village, not only causes a lag

in industrial development but seriously impacts the agricultural

sector and economy. The hollowing out of the countryside

also makes rural households indifferent to the development

of the village environment, which further exacerbates the

high cost of environmental development and the difficulty in

organizing labor thereby seriously restricting the progress of

rural environmental development.
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Constrained property rights system

The relevant legal guarantee of rural land property rights is

vaguely defined. Except for the land use right and contracted

management rights of the “four wastelands” (wasteland, waste

mountains, sandy waste, and waste gullies), the land use right

collectively owned over cultivated land and homestead shall

not be subject to financial transactions such as a mortgage in

principle. The transfer of rural homesteads must be carried

out within the collective economic organization, thus limiting

the transfer methods and channels of collective construction.

In addition, according to the household contract responsibility

system implemented in rural areas, a single family has a

small amount of land and cannot form scale benefits. The

imperfect legal guarantee system of related land management

and possession leads to a variety of contract disputes (10),

which seriously limits innovation and further hinders the

involvement of land, property rights, and other issues in

environmental development.

Tragedy of anti-commons: Future
pathways

Interest disputes, cooperation quality, village management,

rural hollowing out, and ambiguous property rights are the

main reasons for the anti-commons tragedy. Therefore, future

pathways can be established by addressing these five challenges

by adjusting interests in the relationship, improving cooperation

consciousness, strengthening village organization management,

promoting rural economic development, and clarifying the

ownership relationship of property rights.

Innovate the interest connection
mechanism

Protecting the rights and interests of farmers is the key

to addressing the tragedy of anti-commons. Therefore, it is

necessary to improve the living standards of farmers, weaken

the conflict of interest, give play to the third-party role

of government supervision and management, establish an

equal interest distribution mechanism, coordinate the conflict

of interest among cooperation subjects, and improve the

formulation of relevant laws. There is a need to innovate the

distribution method to benefit all. For example, enterprises

can use funds and stock to establish connections with farmers’

land property rights, and housing property rights, and expand

the distribution methods of interest. By establishing a third-

party supervision balance system outside the transaction subject,

the interest distribution mechanism can be objectively judged

to guarantee an equal interest relationship. The third party

could also play the role of coordination and supervision.

Improving the legal guarantee in the transfer of farmers’ land

property rights can ensure that farmers enjoy relevant rights, and

effectively avoid transaction conflicts between the two sides.

Enhance the integrity and legal
awareness of farmers

Due to the unequal cooperative relationship between

farmers and enterprises, farmers who have a weak ability to grasp

market information and are at a disadvantage will spontaneously

set up protective barriers. To resist unequal status and impaired

equity allocation, farmers may adopt a “pre-emptive” strategy

to obtain some benefits. Therefore, the relevant negotiation,

appeal, rights, and other information between farmers and

enterprises should be open and transparent. Unless there are

special circumstances, the terms and agreements must be

strictly implemented, and a third party should cooperate and

supervise. The village should regularly organize legal knowledge

workshops on environmental development in the village

committee or organization and encourage both enterprises and

farmers to learn and know how to use the law to safeguard

their rights and protect common interests. At the same time,

stakeholders should establish legal awareness, pay attention

to punitive measures for those “violating” the contracts, and

safeguard the rights and interests of both sides by signing

fair agreements.

Optimize the rural governance
mechanism

Government departments should take the lead, strengthen

the supervision of rural tourism development, and improve the

rural management system. In terms of institutional safeguards,

the counterbalancing role of government supervision should

be strengthened. Rules and regulations should be set up for

rent-seeking of enterprises, and penalties should be factored

into by law to prevent the occurrence of corruption. In terms

of system guarantee, the phenomenon of multiple approvals

should be eliminated in the development of rural tourism,

and the cumbersome approval system should be standardized

and simplified. Effective management and supervision of

relevant procedures will ensure that transactions are open

and transparent, while at the same time implementation of

checks and balances would deter bad behavior. Establishing

a rural development supervision organization as a third-

party institution to supervise the cooperation subjects and

stakeholders in the transaction will ensure the smooth progress

of development and operation by overcoming various difficulties

in tourism development.
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Strengthen the coordination ability of
rural economic organizations

To give full play to the intermediary coordination ability

of rural economic organizations, under the guidance of

government agencies, tourism development coordination

agencies should be established. These agencies should be mainly

responsible for addressing issues such as the dispersion of

property rights and blurred real estate boundaries in tourism

development. As an intermediary bridge of cooperation

and communication between the two sides, the tourism

development coordination agency should coordinate the

interest disputes and conflicts between enterprises and farmers.

It should safeguard the rights and interests of both parties by

supervising transaction behavior and promoting a harmonious

cooperative relationship between them and strengthening the

interest connection of both parties to prevent the occurrence

of conflicts of interest. Continuously expanding the roles

and responsibilities of rural economic organizations and

strengthening their unified management and planning ability

would be conducive to improving the utilization rate of rural

agricultural development.

Innovate the rural property rights system

It is necessary to establish a standardized land circulation

mechanism, integrate market transaction information, and

systemize the rules and systems of land circulation in rural

tourism development. Equally, there is a need to adopt

standardized operation and management under the market

mechanism and cooperate with the invisible supervision of the

government to ensure the openness and transparency of the

land circulation market information as much as possible. The

authorities should improve the rural land transaction system and

formalize land circulation processes. To overcome the interest

disputes arising from land transfer and the practical challenges

that prevent resources from being effectively used, the contracts

signed by enterprises and farmers must be first appraised by the

supervision and management organization and then submitted

to a third party for evaluation before being gradually promoted.

Efforts must be made to learn and draw lessons from similar

regulations and processes on property rights of idle houses

abroad, increase idle tax according to actual idle housing, and

optimize the land integration method by improving the laws

and regulations on land circulation and collective economic

property rights, to create a healthy environment for rural

tourism development.

Conclusion

The existing problems of the tragedy of anti-commons in

some Chinese villages cannot be generalized and attributed

according to the property rights of the anti-commons tragedies.

It has been found that in the development and construction

of rural tourism, many stakeholders are involved. Therefore,

adjusting interests between these stakeholders, improving

their cooperation consciousness, investing in farmers’ integrity

and legal awareness, strengthening village organization

management, and clarifying the ownership relationship of

property rights would be key to promoting the process of

rural tourism development. An effective design scheme for

the development of rural recreation tourism needs to establish

a balance between stakeholders based on clarifying property

rights and other systems.
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There has been a growing trend in health spending and renewable energy

consumption in China over the past few decades, which has positive

implications for health outcomes, such as life expectancy. Therefore, the

main objective of this study is to empirically analyze the impact of health

expenditures and renewable energy on life expectancy in China. We used

the time series data from 2000Q1 to 2020Q4 and applied the VECM

approach for the data analysis. The results of this study suggest a long

run association between health spending, life expectancy and renewable

energy. The increase in health spending improves life expectancy, while

renewable energy consumption also positively a�ects life expectancy in China.

Therefore, the government should allocate su�cient funding to the health

sector in order to attain higher life expectancy in the country. In addition,

the government should also provide incentives for the consumption and

production of renewable energy, which could help to achieve the sustainable

development goal and life expectancy.

KEYWORDS

health spending, China, VECM approach, life expectancy, renewable energy

Introduction

Health spending and health outcomes have been extensively discussed in the

literature. However, less attention is given to essential factors such as renewable energy.

Academicians, policymakers, and the general public have devoted considerable attention

to rising healthcare expenditures (1). Health spending may affect the productivity

of labor, and the traditional endogenous growth theories assume that human capital

accumulation could significantly improve the long run output per worker. People in

good health are more productive, and higher public health spending is associated with

improved health outcomes, such as high life expectancy (2, 3). Most of the studies

related to health outcomes and health spending followed by the production function

using health care spending as the explanatory variable while health outcomes such as
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mortality and life expectancy are taken as dependent variables

(4). Health spending may improve life expectancy in the long

run and could lead to higher earnings in short run (5). Akinci

et al. (6) reported that in Middle East and North Africa

(MENA) region, efficient healthcare spending increases life

expectancy. Countries with the best health outcomes allocate

a large portion of their budgets to healthcare spending (7).

Sufficient health spending improves the outcomes. However,

insufficient spending on healthcare may create impediments for

the poor public to get basic health care facilities.

The economic development in China’s post industrialization

has increased the energy demand, which has serious concern

for public health and sustainable development. Conventional

fossil fuel energy could lead to environmental degradation and

have negative implications for life expectancy (8). The UN

Environment Conference reported that seven million people

worldwide died from air pollution each year (9). The energy

produced from fossil fuels may produce harmful emissions, for

example, carbon monoxide (CO) and carbon dioxide (CO2).

The energy production from fuel leads to air pollution and

increases CO2 emissions, which affect environmental quality.

Consequently, it leads to global warming, and many living

species may become extinct. Increasing global temperatures

can also have a negative effect on people since it increases

the chance of certain diseases, such as cancer and mental

illness, which leads to a shorter life expectancy (10). Therefore,

it is essential to switch from non-renewable energy sources

to renewable energy sources such as solar and biomass in

order to reduce overall environmental degradation, which

expectedly, to improve life expectancy. Although human health

is associated with many factors that have been discussed in the

literature, however, less attention is given to the relationship

between renewable energy and life expectancy (11). China

made socioeconomic improvements by investing in social

sectors such as health, education, environmental management,

sanitation, and sustainability. China’s rising per capita income

and industrialization has led to rise the healthcare expenditures.

Over the past few decades, there has been a significant reduction

in the prevalence of poverty, as well as improvements in adult

literacy, access to safe drinking water, nutrition and nutrition, all

of which are likely to contribute in the increase of life expectancy

(12). Government spending on healthcare has an increasing

trend in China, and globalization increases the real income of

the people, which raises energy consumption.

Renewable energy consumption has significant implications

for the environment and human health (13, 14). Renewable

energy provides clean energy and a clean environment, which

could improve human health and life expectancy. Both public

health spending and renewable energy consumption could

prolong the life expectancy in China. Furthermore, less attention

has been given to the renewable energy and life expectancy

relationship in literature. Therefore, to fill this research gap,

this paper explores the linkages between health spending,

renewable consumption and life expectancy in China. This paper

contributes to the literature from the following aspects: First, we

attempt to link life expectancy with renewable energy and health

in China; Second, we use the cointegration methodology to

explore long run association between life expectancy, renewable

energy, and health spending. Third, we use the case of China,

which is an emerging developing country. The recent economic

development in the post trade liberation brings a significant

improvement in people’s income and quality of life in China.

Therefore, this study considers the post trade and industrial

development period for analysis, which provides a clear policy

direction and implications of recent economic development in

China for life expectancy. The rest of the paper is organized as

follows: Section Health spending, life expectancy, and renewable

energy consumption in China shows development facts of the

health spending, renewable energy and life expectancy in China;

Section Literature review gives the literature review; Section

Methodology and Results and discussion show the methodology

and results; Section Conclusion shows the conclusion of

the study.

Health spending, life expectancy,
and renewable energy consumption
in China

This section provides information related to renewable

health spending in China. Various health reforms have been

introduced in China to promote public health. China initiated

a comprehensive health-care reform in 2009 and committed

to providing all residents equal access to basic health care

facilities. The reform in the first phase was focused on increasing

social health care coverage for the public and upgrading

the infrastructure of the health care system. In the second

phase, government reforms mainly focused on the delivery

of health, such as the implementation of systemic reform

of government hospitals by reducing mark-up for medicine

sales and changing fee schedules, and fee for the patients

in hospitals (15). In the past few decades, China has made

significant progress in expanding equal access to healthcare

and improved financial protection, particularly for those with a

lower economic class. However, there are still concerns about

the quality of care, the prevention and treatment of non-

communicable diseases (NCDs), the effectiveness of health care

delivery, the management of health care costs, and the level of

public satisfaction. Health spending has a continual increasing

trend in China from 1990 to 2000, while there is a moderate

decrease in health spending from 2000 to 2001. The increasing

trend continues from 2001 to 2021 (except for 2016 and 2017).

The increasing trend of health spending indicates that the

GDP of China is significantly growing over period and leads

to an increase in health spending. The overall expenditure on

healthcare per capita in China increased from 319 yuan in 2000
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to 1888 yuan in 2011 and its representing an average yearly

growth rate of 17.4 percent. Between 2000 and 2011, government

and social health expenditures per capita rose fast, with an

average yearly growth of 22.9 percent, from 56 yuan to 554 yuan,

and with an average yearly growth of 18.8 percent, from 92 yuan

to 625 yuan, respectively (16). The life expectancy also increased

from 1990 to 2021, which implies that due to high spending and

steady GDP growth boosted health quality and increased the life

expectancy in China. The development of life expectancy and

health spending can be seen in Figure 1.

China has been rapidly moving toward a more sustainable

and low-carbon future in the past few decades. Carbon-based

fuels are gradually being replaced with renewable sources,

and clean air laws contribute to a healthy environment and

sustainable development in both direct and indirect ways.

China already leads in terms of renewable energy output,

and becomes the world’s largest producer of solar and wind

energy, as well as the leading domestic and foreign investor

in renewable energy. In 2016, Chinese corporations signed

four of the world’s top five renewable energy agreements.

Investments in renewable energy is the top priority by the

Chinese government because they can help the country

overcome environmental and socioeconomic challenges. To

reduce overall air pollution, the Chinese government actively

promotes renewable energy use. According to the National

People’s Congress (NPC) Environmental Committee report, the

production and consumption of energy produced from fossil

fuels are responsible for 90 percent of sulfur dioxide emissions

in China. The effect of air pollution on health and economy has

been extensively studied. RAND Corporation estimates that in

2012, labor productivity losses caused by air pollution cost $535

billion, or 6.5 percent of its GDP in China. Currently, China is

actively involved in producing green energy, and its 13th Five

Year Plan aims to reduce fossil fuel energy usage and increase

the production of renewable energy from 35 to 39% by 2020.

China is expected to reach one fifth of its electricity consumption

from non-fossil fuel sources by 2030. The International Energy

Agency reports that over the next 5 years, China will produce

36% and 40% of the world’s solar and wind energy, respectively.

Figure 2 represents renewable energy generation in China from

1990 to 2021. Hydro energy is a major source of renewable

energy production, in the year 1990 Hydro produced 54.0 GWh,

which continuously increased. The second main contributor is

the Wind energy; which grew drastically in 2005 and in 2020

wind energy produced 471,175 GWh. Solar energy comes as the

third larger contributor to renewable energy, and there is also

an increasing trend; however, solar energy started a significant

contribution in 2005 and onward. In 1990 it only produced 2.0

GWh, which grew significantly, and it reached 269,718 GWh

in 2020.

Figure 3 shows the trend between life expectancy and

renewable energy; overall, there is a close association between

life expectancy and renewable energy consumption. This implies

that, along with other factors, renewable energy is the main

factor responsible for the life expectancy in China. According to

a study conducted at UC Berkeley, fossil fuel energy has serious

health concerns. As a result, air pollution accounts for around

17 percent of all deaths in China. A University of Chicago study

estimated that suspended particles in northern China cause half

a billion people to lose 5 years of their life expectancy. The

Chinese government ranked air pollution as their top priority,

and air pollution is the second biggest concern for Chinese

FIGURE 1

Life expectancy (LE) and Health spending (HE) in China (1990–2021). Source: World Bank Development Indicators.
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FIGURE 2

Renewable energy production. Source: (17).

FIGURE 3

Life expectancy and renewable energy consumption in China (1990–2021).

citizens. Nevertheless, several participants have less hope, and

many participants think air pollution will worsen over the next

5 years. The renewable energy source may become a prominent

source of energy in the future that will contribute to sustainable

development and the improvement of life expectancy.

Literature review

In this section we review the literature, which discusses the

relationship between health expenditures and health outcomes,

e.g., life expectancy, but less attention has been given to the

relationship between renewable energy and life expectancy.

Lubitz et al. (18) investigated the implications of health spending

for elderly people. The elderly with good health live longer as

compared to those who did not have good health, assuming

the accumulative health spending was the same for both

category people. It was possible to improve the health and

life expectancy of the elderly without increasing health care

spending if promotion efforts were directed toward those under

the age of 65. Zeeshan et al. (19) explored the asymmetric

relationship between CO2 emissions, environmental pollution,

and household-level health spending using the case of China.

Their results showed an asymmetric relationship between CO2
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emissions and health spending, argued that an increase in

environmental pollution could raise health spending. Owumi

and Eboh (20) studied the health spending on life expectancy in

Nigeria. They found that life expectancy improved significantly

as a result of domestic and external health expenditures during

the period of 2000–2017. In addition, government spending

could improve life expectancy, and results reported that 1%

increase in Nigeria’s general government health expenditure

would improve life expectancy by 6%. An increase in out-of-

pocket health care expenses of 1% would result in improving

life expectancy by 63%. In addition, a 1% increase in external

health spending would rise in life expectancy by 11%. Shahbaz

et al. (21) analyzed the determinants of life expectancy under

the role of economic misery using the case of Pakistan. Their

results showed that, among the other factors, health spending

improved life expectancy. The study of Van den Heuvel and

Olaroiu (22) explored the relationship between life expectancy

and health spending using the case of European countries.

They used cross-sectional data for the 31 European countries.

They found that health spending was not the main factor

affecting life expectancy, but rather social protection spending

could improve life expectancy. The results showed that high

spending on social protection could increase life expectancy

in Europe. Kabir (12) studied determinants of life expectancy

in developing countries; the results indicate that among the

different factors such as per capita income, education and safe

water, however, health spending is the main factor. Jakovljevic

et al. (23) examined long run association between health

spending and life expectancy in Eastern Europe. The outcomes

suggested a positive relationship between life expectancy and

health spending in EU members. Anderson and Poullier

(24) studied health spending, access, and outcomes trends

in industrialized countries. Their finding reported that health

spending significantly increased in industrialized countries.

Giang (25) analyzed the relationship between life expectancy

and private health spending for EU-15. They applied multiple

regression analysis for data and their results indicated a

positive association between private health expenditures and

life expectancy. They also mentioned that GDP per capita and

employment also determined health expectancy.

Less attention has been given to explore the relationship

between life expectancy and renewable energy in the literature.

Caruso et al. (11) studied the relationship between renewable

energy consumption, social factors, and health in Europe. They

applied Panel Vector Auto Regression (PVAR) technique for

the data analysis. Some factors such as modernization and

industrialization significantly affected human health in Europe.

In contrast, environmental degradation induced by fossil energy

might have a negative effect on human health. Fossil fuel

energy could be replaced with renewable energy. Their findings

showed the growth of renewable energy use and its impact

on other social aspects, rather than the existence of causal

linkages between health and renewable energy. Shah et al.

(26) analyzed the FDI inflow, mortality and renewable energy

consumption in China for the period 1998–2020. They reported

that a significant amount of FDI inflow had occurred in the last

few decades. This FDI inflow improved the economic growth

and development in the country, but on the other hand, it

brought environmental degradation in terms of higher CO2

emissions. They applied nonlinear ARDL approach and used

the data for the period 1998–2020. Their findings showed a

significant association between renewable energy, mortality and

FDI in China. In addition, they found that renewable energy

reduces mortality in China. Ibrahim et al. (27) analyzed the non-

renewable energy consumption on quality of life for sub-Saharan

African countries. Their findings showed that an increase in

non-renewable energy reduced life expectancy in sub-Saharan

African countries. Shah et al. (8) studied the linkages between

trade, CO2 emissions and life expectancy in China. Their

findings reported that trade increased CO2 emissions, which

reduced life expectancy in China. They suggested that renewable

energy may provide a clean environment and improve life

expectancy. Some literature such as Cheng et al. (28) discussed

health spending and health outcomes with different variables,

including fiscal decentralization, trade and FDI. However,

renewable energy and health association has been analyzed little

in the literature. Therefore, this research contributes to the

literature by adding the renewable energy implication for life

expectancy, with the case of China.

Methodology

Model

We use the following model for the data analysis

LEt = β0+β1HEt + β2GDPt + β3Popt + β3RENt + εt (1)

Where LE shows the life expectancy, HE represents the

health spending, GDP is the per capita income, Pop is the

population, and REN shows the renewable energy consumption.

The β1, β2, β3. . . βnrepresent the coefficients of the relevant

variables and ε is the error term, which expected to be

uncorrelated with the variable. Life expectancy determines by

several factors such as per capita income (GDP), health spending

(HE) and Renewable energy (REN). Therefore, we use life

expectancy as dependent variable, while GDP, HE and REN

are taken as explanatory variables. The population used as

control variable in the model. The data for the relevant variables

are obtained from the World Bank Development, the data is

available in annual frequency, which has been converted into

Quarter frequency using the Eviews software.
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Methodology

The study adopts the Vector Error Correction Model, which

assumes that all variables have same order of integration. The

estimation of VECM performs under VAR framework, VAR

analyzes the interrelationship between included variables in the

system by taking lag values of the variables. Since we are using

the long run time series data, it’s essential to check the unit root

properties of the variables. Unit root tests are usually used to find

out if the variables are stationary, which could lead to spurious

results. In time series, if the variance and mean of a variable

remain constant over time, the series is referred to as stationary

(i.e., it is not a random walk and does not have a unit root).

Alternatively, the series is defined as non-stationary, which

means that it has a unit root. There are different techniques used

to test the unit root, Augment Ducky Fuller (AFD) and Ducky

Fuller (DF) methods are used to estimate the stationary status

of the variable. The Augumnetd Dickey and Fuller (ADF) (29)

test of unit root is a modified form of Ducky Fuller (DF)(30).

Following regression equations are used to test the unit root

Yt = γYt−1 + εt (2)

Yt = z0 + γYt−1 + εt (3)

Yt = z0 + ηt + γYt−1 + εt (4)

These equations are estimated for the parameter value of

γ, Yt is considered to be unit root or nonstationary. Dickey

and Fuller (30) estimated H0: 0 by using the (trace) statistics

critical value for hypothesis testing. In addition, error term in

Dicky Fuller (DF) is assumed to be uncorrelated; however, if this

assumption does hold and the error term is autocorrelated, then

Dicky Fuller (DF) will be invalid and we may use Augmented

Dicky Fuller (ADF) test, which augments the above equation by

including the dependent variable’s lag value. Furthermore, ADF

test holds that Y is subject to an AR (n) process and assigned a

(n)lag difference value of the response variable.

Yt = z0 + ηt+ γYt−1 +
p

∑

i

αi1Yt−i + εt (5)

In the ADF unit root test, parameter Yt−1 is tested by

using Mackinnon’s critical and t(tau) statistics values, if it

becomes zero, it indicates the presence of unit root, indicating

nonstationary in variable, and vice versa. Following to test

the order of integration, we proceed to test the evidence

of a long run relationship. The key requirement for testing

Johansen cointegration is that all variables have integrated at the

initial difference I(1). There are several ways for cointegration,

including Engle and Granger (31) unit root test and Johansen

(32, 33). However, Johansen cointegration provides several

advantages as compared to Engel and Granger because Engel

and Granger’s method does not specify the number of vector(s),

but Johansen tests provide information about the numbers of

cointegration vectors. The Johansen test is calculated as follows:

1Yt =
p−1
∑

i

Ŵi1Yt−i + 5Yt−1 + εt (6)

In Johansen techniques, the error term is required to

estimate likelihood ratios (LR) to determine the cointegrating

vectors of Yt in the system. The first test is based on the

hypothesis that the rank is equal to or smaller than the

cointegrating vector (r), whereas the second is based on

trace statistics.

λtrace = −T

n
∑

i=r+1

In(1 λi) (7)

The second test in cointegration provides a maximal

Eigen value that tests the null hypothesis for the number of

cointegrating vectors as follows:

λmax = −TIn(1− λr) (8)

Because the cointegration test is performed in a VAR setting,

we use the Akike and Shward criterion to estimate the suitable

lag length. If cointegration is detected, we can proceed to identify

the short run deviation from the long run equation known as

Error correction model(ECM) for the vectors.

1LE =
k

∑

i=1

β1HEt−i +
k

∑

i=1

β2GDPt−i (9)

+
k

∑

i=1

β3Popt−i +
k

∑

i=1

β4RENt−i + ECM1,t−1

1HE =
k

∑

i=1

β5LEt−i +
k

∑

i=1

β6GDPt−i (10)

+
k

∑

i=1

β7Popt−i +
k

∑

i=1

β8RENt−i + ECM2,t−1

1GDP =
k

∑

i=1

β9HEt−i +
k

∑

i=1

β10LEt−i (11)

+
k

∑

i=1

β11Popt−i +
k

∑

i=1

β12RENt−i + ECM3,t−1

1Pop =
k

∑

i=1

β13HEt−i +
k

∑

i=1

β14GDPt−i (12)

+
k

∑

i=1

β15LEt−i +
k

∑

i=1

β16RENt−i + ECM4,t−1

β1, β2, β3 . . . .βn shows the short run coefficient of the

variables included in the model, ECM lag presents the long

causality. The short run causality can be estimated by imposing
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restrictions on the short run parameters under the Wald

Test. In addition, we will use impulse response function

and variance decomposition analysis to see the variations of

included variables.

Results and discussion

This section provides the results and discussion of this paper.

Since we’re using long-term time series data, we are estimating

the long association between the variables, therefore we used

the Vector Error Correction Model (VECM) for our long-

term analysis. Cointegration is a prerequisite for the VECM

application, but before estimating the cointegration, we must

analyze the order of integration. The ADF unit root test is

applied for the order of integration. The ADF results are shown

in Table 1.

Table 1 shows the ADF estimations both at first level and at

first difference. The outcomes indicate that all variables are non-

integration at the first level, while after taking the first difference,

it becomes stationary. This implies that all variables have the

same order of integration; this fulfills the essential requirement

TABLE 3 VECM results.

Vectors—dependent variable Wald test ECT (−1)

LE 2.4287 (0.01) −2.2230 (0.02)

GDP −0.0485 (0.96) −0.0770 (0.00)

HE 2.2341 (0.02) 0.0178 (0.56)

Pop −4.0923 (0.00) 0.0097 (0.16)

REN 2.5117 (0.01) −0.0851 (0.00)

TABLE 1 ADF unit root test.

Variable At level At first difference Conclusion Order

LE −0.8187 −2.6533*** Non stationary at level; Stationary at first difference I(1)

HE −0.9216 −3.8109 *** Non stationary at level; Stationary at first difference I(1)

GDP −0.3581 −6.0653 *** Non stationary at level; Stationary at first difference I(1)

Pop 0.2202 −2.1069*** Non stationary at level; Stationary at first difference I(1)

REN 2.2941 −5.4421*** Non stationary at level; Stationary at first difference I(1)

***Significant at the 1% level.

TABLE 2 Cointegration results.

Unrestricted cointegration rank test (Trace)

Hypothesized Trace 0.05

No. of CE(s) Eigenvalue Statistic Critical value Prob.

None 0.423627 160.0189 69.81889 0.0000

At most 1 0.346466 93.89892 47.85613 0.0000

At most 2 0.211132 42.85572 29.79707 0.0009

At most 3 0.109974 14.39696 15.49471 0.0727

At most 4 0.003464 0.416377 3.841466 0.5187

Unrestricted cointegration rank test (Maximum Eigenvalue)

Hypothesized Max-Eigen 0.05

No. of CE(s) Eigenvalue Statistic Critical value Prob.

None 0.423627 66.12001 33.87687 0.0000

At most 1 0.346466 51.04320 27.58434 0.0000

At most 2 0.211132 28.45876 21.13162 0.0039

At most 3 0.109974 13.98058 14.26460 0.0554

At most 4 0.003464 0.416377 3.841466 0.5187
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TABLE 4 Variance decomposition results.

Period S.E. LE HE GDP POP REN

Variance decomposition of LE:

1 0.003354 100.0000 0.000000 0.000000 0.000000 0.000000

2 0.010481 99.29877 0.153803 0.156480 0.001570 0.389381

3 0.021763 97.39767 0.548049 0.721901 0.006405 1.325975

4 0.036769 94.34769 1.143442 1.866899 0.016165 2.625803

5 0.054388 90.18574 1.907062 3.754250 0.034498 4.118446

6 0.072976 84.97933 2.804149 6.521738 0.068578 5.626206

7 0.090622 78.85883 3.793914 10.25692 0.132164 6.958171

8 0.105539 72.07752 4.821209 14.93926 0.251062 7.910957

9 0.116564 65.13031 5.798470 20.30493 0.471184 8.295106

10 0.123697 58.92760 6.576715 25.59015 0.863741 8.041796

Variance decomposition of HE:

1 0.003517 0.094399 99.90560 0.000000 0.000000 0.000000

2 0.010374 0.113528 99.75171 0.104487 0.030245 2.58E-05

3 0.020404 0.101481 99.33735 0.443644 0.112956 0.004572

4 0.032800 0.064631 98.58941 1.064288 0.249498 0.032174

5 0.046496 0.032176 97.42878 1.981784 0.443777 0.113487

6 0.060418 0.064305 95.78717 3.163979 0.699667 0.284876

7 0.073678 0.249091 93.63251 4.522609 1.018894 0.576897

8 0.085678 0.677534 91.00602 5.918501 1.398851 0.999094

9 0.096123 1.392152 88.06132 7.187742 1.831232 1.527556

10 0.104945 2.326180 85.07936 8.186555 2.302761 2.105141

Variance decomposition of GDP:

1 0.063563 12.76154 0.029459 87.20900 0.000000 0.000000

2 0.178568 13.89072 0.088352 85.17314 0.007874 0.839915

3 0.332809 14.79481 0.238559 81.58456 0.026361 3.355716

4 0.504172 15.32049 0.552777 76.17222 0.052881 7.901637

5 0.671255 15.22097 1.110641 68.75700 0.086174 14.82521

6 0.820078 14.25890 1.952165 59.54394 0.125511 24.11948

7 0.947251 12.42495 2.996891 49.48057 0.170536 34.92705

8 1.058031 10.21345 3.988237 40.28866 0.222116 45.28753

9 1.159938 8.614869 4.588046 33.67168 0.285134 52.84027

10 1.256014 8.565719 4.624944 30.12083 0.373256 56.31525

Variance decomposition of POP:

1 16,301.62 0.001109 0.210601 0.003662 99.78463 0.000000

2 49,582.68 0.013014 0.097352 0.011925 99.74152 0.136193

3 102,504.5 0.088385 0.030751 0.012695 99.36119 0.506977

4 176,281.2 0.330189 0.015813 0.006551 98.58391 1.063538

5 271,675.8 0.871788 0.050940 0.003837 97.35471 1.718721

6 389,200.2 1.836297 0.126886 0.017090 95.65650 2.363232

7 529,115.5 3.288842 0.229202 0.051757 93.53511 2.895092

8 691,238.9 5.201783 0.341533 0.101448 91.10794 3.247297

9 874,622.9 7.449315 0.448554 0.150872 88.54949 3.401772

10 1,077,233. 9.833781 0.537826 0.184178 86.05899 3.385223

Variance decomposition of REN:

1 0.015642 9.989439 20.92878 0.123099 2.298034 66.66065

2 0.046083 11.65605 21.83227 0.026674 2.612916 63.87209

(Continued)
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TABLE 4 (Continued)

Period S.E. LE HE GDP POP REN

3 0.092021 12.93121 23.23916 0.033129 2.877553 60.91895

4 0.152433 13.68030 25.19327 0.207769 3.096601 57.82206

5 0.225823 13.77060 27.71603 0.593821 3.267078 54.65248

6 0.310690 13.15041 30.78917 1.186361 3.385197 51.48886

7 0.405793 11.88879 34.33834 1.917495 3.448289 48.40708

8 0.510218 10.17712 38.22693 2.663584 3.456232 45.47613

9 0.623206 8.284853 42.26890 3.278805 3.412526 42.75491

10 0.743825 6.481818 46.26198 3.644308 3.324466 40.28742

FIGURE 4

Impulse response results.

of cointegration. The cointegration requires the selection of

optimal lag length; we select the Schwarz information criterion

(SC) and Akaike information criterion (AIC) to choose the

optimal lag length. In Tables 2 and 3, the trace statistics and

maximum eigenvalue both shows two cointegration vectors in

the system. This means the existence of long run association

between LE, HE, GDP, Pop and Renewable Energy consumption

in China. It suggests that in the long run, health spending and

renewable energy consumption determine the life expectancy

in China.

After cointegration test, we estimate the error correction

model. Wald test estimations present the short run causality,

while the lag value of ECT shows the long run causality. The

ECM value is negative and significant in first model, where

LE is the dependent variable while HE, GDP, POP and REN

are independent variables. This implies that health spending
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TABLE 5 Dynamic OLS.

Variable Coefficient (P-values)

GDP 0.0460 (0.00)

HE 1.0630 (0.01)

POP 1.2708 (0.00)

REN 0.0562 (0.09)

C 54.3264 (0.00)

improves life expectancy, and an increase in health spending

improves life expectancy in China. This suggests the in the long

run Chinese government increases life expectancy by increasing

health spending. The short run finding also indicates that health

spending also improves life expectancy. Similarly, renewable

energy also increases life expectancy both in the short run

and in the long run, which indicates that renewable energy

consumption improves the quality of the environment, thus

improving life expectancy both in short run and in the long

run. The GDP could also improve life expectancy both in the

short run and in the long run, which indicates that a rise in

per capita income increases life expectancy. People with good

income can access healthcare facilities that improve their health

and life expectancy. The population also has long run and short

run association with health spending.

Table 4 presents the variance decomposition analysis, which

shows a percentage of the error variation in the prediction for

all variables. These variations arise from variable’s own shocks as

well as shocks in other variables within the system. The variance

decomposition analysis of LE for the period 1-10 indicates that

most variations in LE come from its own shocks. The second

major contributor to the variations in LE is the GDP, in the

2nd period, it produces 0.15 variations in LE and gradually

increases in the subsequent period, for example, in 10th period,

GDP produces 25 percent of the variation in LE. HE variance

decomposition findings show that in 2nd period it produces 0.15

percent of variations and gradually increases in the consequent

periods for example, in the 10th period, it reaches 6.57 percent

of variations. The RE contributes variations in LE and in the

2nd period, it produces 0.38 variations in LE, which gradually

increase in the proceeding periods and in the 10th period it

produces 8.29 variations in LE. The population produces a

lower rate of variation and in 10th period, it only contributes

0.86, which is very low as compared to the other variables in

the system.

Variance decompositions do not provide information

regarding the direction of variations in the system, but the

impulse response can provide the direction information of

the shocks, which is shown in Figure 4. The impulse response

function (IRF) illustrates how a change in one variable’s standard

deviation affects the variations in other variables in the system.

It predicts the ith variable innovation (residual) increase by one

TABLE 6 Pairwise granger causality tests.

Null hypothesis F-statistic Prob.

HE does not Granger Cause GDP 7.07783 0.0013

GDP does not Granger Cause HE 5.90136 0.0036

LE does not Granger Cause GDP 13.6864 5.E-06

GDP does not Granger Cause LE 7.33591 0.0010

POP does not Granger Cause GDP 10.6200 6.E-05

GDP does not Granger Cause POP 20.1974 3.E-08

REN does not Granger Cause GDP 5.94191 0.0035

GDP does not Granger Cause REN 1.54621 0.2173

LE does not Granger Cause HE 0.20139 0.8179

HE does not Granger Cause LE 12.4636 1.E-05

POP does not Granger Cause HE 5.51953 0.0051

HE does not Granger Cause POP 0.45193 0.6375

REN does not Granger Cause HE 1.18033 0.3108

HE does not Granger Cause REN 27.2982 2.E-10

POP does not Granger Cause LE 11.9629 2.E-05

LE does not Granger Cause POP 2.17310 0.1184

REN does not Granger Cause LE 1.71864 0.1838

LE does not Granger Cause REN 13.8051 4.E-06

REN does not Granger Cause POP 34.3257 2.E-12

POP does not Granger Cause REN 11.3992 3.E-05

standard deviation at time t. The graph shows that HE has

no effect or minor effect on the LE from 1-5 period; however,

from 6th to 10th period HE holds a significant positive impact

on LE. And one percent increase in standard deviation in LE

has positive and increasing effect on the LE. The variation in

GDP shows positive implications for LE from 1st to 8th period;

however it become negative in the period of 8th-10th, this

negative association may happen due to higher GDP growth

increases environmental pollution mainly to industrialization

and economic development, which increases the pollution and

reduces LE. Population has positive implications for LE from

4th period to 10th period. The REN shows a positive effect on

LE from 2nd period to 10th period. This validates the initial

results, and it confirms that renewable energy leads to clean

environment and improves life expectancy.

Tables 5, 6 represents the dynamic OLS and Granger

Causality Test, which are used as robustness tests. The dynamic

OLS model provides regression results regardless of existence

of cointegration. The results show the positive and significant

implications for the life expectancy. Health spending also has

positive and significant implication for the life expectancy,

while renewable energy has determine the life expectancy at

10 percent level. The granger causality test estimates bivariate,

single variate, or no causality among the variables. The outcomes

show that GDP, HE and REN causes LE. Both dynamic OLS and

Granger Causality test validate the initial VECM findings. The

results of this study support the past studies outcomes such as
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Kabir (12), Van den Heuvel and Olaroiu (22), Shah et al. (26)

and Rodriguez-Alvarez (34).

Conclusion

The paper analyzes nexus between renewable energy, health

spending and life expectancy in China for the period 2000–

2020. We applied Vector Error CorrectionMethod for empirical

estimations. The life expectancy is used as dependent variable

while health spending, GDP per captia, population growth

and renewable energy as independent variables. The results

of this study have some significant implications for public

policy. Our results suggest long run association between health

spending, renewable energy, GDP per capita and population.

Government can improve life expectancy by increasing health

spending in China both in the short run and in the long run.

The unidirectional causality reports that government spending

causes life expectancy in China both in the short run and

in the long run. Therefore, the findings of this study suggest

that government should increase health spending in order to

improve life expectancy in China. The government may increase

healthcare facilities such as setting up new healthcare unites

especially in remote and rural areas to make sure that more

people have access to the healthcare facilities. In addition,

government may provide health insurance to the public and

give people easier access to get the healthcare facilities. In

addition, renewable energy could have positive implications

on life expectancy. The renewable energy consumption has

both short-run and long-run association with life expectancy.

The consumption of renewable energy could provide clean

environment and improve the life expectancy. It suggests that

government should raise the production of the renewable energy

production and provide incentives to increase renewable energy

consumption. Furthermore, Investment in renewable energy

consumption should be encouraged and Chinese government

should provide subsides interest rate on loan to raise the

investment in the renewable energy. The per capita income also

improves life expectancy; therefore, economic development is an

essential factor for higher life expectancy. Besides, government

should make laws for the control of the air pollution to make

people turn to renewable energy consumption. Government

should provide subsidies on medicine to reduce the pocket

heath expenses.

Finally, there are several directions for our study in the

future. First, since we used the data for 2000–2020 period in this

paper, and it can be expanded by more data with availability in

the future. Second, we may use different countries for the data

analysis in the subsequent studies. Third, we can consider the

social changes and demographic changes in medical care that

may affect the health status of the country.
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This study explored multiplex, country-level connections between a wide

range of cardiac risk factors and associated mortality within the South

Asian Association for Regional Cooperation (SAARC) countries. The grey

relational analysis (GRA) methodology is used to evaluate data from 2001

to 2018 to compute scores and rank countries based on cardiac mortality.

Subsequently, we used the conservative (Min-Max) technique to determine

which South Asian country contributes the most to cardiac mortality. The

Hurwicz criterion is further applied for optimization by highlighting the

risk factors with the highest impact on cardiac mortality. Empirical findings

revealed that India and Nepal are the leading drivers of cardiovascular disease

(CVD) mortality among all SAARC nations based on the results of the GRA

methodology. Moreover, the outcomes based on the Hurwicz criterion and the

conservative criterion indicated that CVD mortality is considerably impacted

by household air pollution from the combustion of solid fuel, with India as

a potential contributor in the SAARC region. The outcomes of this research

may enable international organizations and public health policymakers to

make better decisions and investments within the SAARC region to minimize

the burden of CVD while also strengthening environmentally sustainable

healthcare practices.

KEYWORDS

CVD, mortality, grey relational analysis, SAARC, risk factors, household air pollution

Introduction

Cardiovascular diseases (CVDs) are the leading cause of death and disability

worldwide (1). Over the past few decades, cardiac deaths have dropped in various high-

income countries (HICs), whereas they have surged in low- andmiddle-income countries

(LMICs), with these economies bearing the majority of the burden, approximately

23% of the world’s population (2–4). As a result of rapid modernization, improved

survival from acute illnesses, aging, and chronic noncommunicable diseases (NCDs),

notably CVDs, have become a grave risk in LMICs, specifically in the densely packed

South Asian region (5, 6). In South Asia, NCDs currently contribute to 52% of deaths,

and by 2030, they are predicted to be responsible for about 72% of all deaths (7).
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Ample evidence has demonstrated that South Asians have a

higher risk of cardiac disorders, spurring calls to strengthen the

management of CVD within this region and among migrant

populations (8, 9). In order to establish global and context-

specific prevention approaches, we need to document the

consistency or discrepancies in the correlations between cardiac

risk variables and accompanying deaths, both globally and

country-wise categorization by monetary perspectives. To help

mitigate the cardiac risk factors at the population level, viable

endeavors are recommended.

Multiple objectives are a frequent challenge with systemic

issues, which ultimately brings ambiguity. Thus, finding

methodologies that incorporate themost criteria in the decision-

making procedure and directly affect decisions is important in

this situation to decrease inaccuracies (10, 11). The majority

of the time, this strategy is challenging to execute due

to frequently fluctuating decision-making criteria, increasing

the level of uncertainty in the ultimate solution. Health-

related procedures are far more complicated since they involve

not only technical or financial issues but also a human

component that can lead to conflicts of interest and impede

the decision-making process. To enhance the health systems

overall, several kinds of investigations were performed by

applying the multicriteria decision analysis (MCDA) (12, 13).

Several distinct MCDA methods conducted in the past in the

healthcare domain are summarized in Table 1. These procedures

are appreciated for many reasons. From a methodological

perspective, researchers hypothesized that the process allowed

distinctness, uniformity, and reliability towardmore appropriate

strategic planning. The MCDA implementation procedures are

considered effective and productive in prioritizing contexts

more generally (22, 23). These investigations are regulated by

employing multiple methodologies to investigate and identify

ideal solutions for improving patient care and the healthcare

system as a whole. Nevertheless, little is known about the

best possible ways to improve the caliber of research and

its implementation.

Particularly as it relates, the relationship between cardiac

risk factors and related mortality is being investigated globally

using a wide range of scientific and analytical approaches.

These studies incorporated either a limited set of risk factors or

nations for their investigations and none of them quantitatively

scrutinized the role of all South Asian nations, resulting in

contradictory outcomes. These bodies of research contributed

key insights into the literature studies. However, by considering

all South Asian Association for Regional Cooperation (SAARC)

economies collectively with a variety of risk factors, we might

draw a more comprehensive breadth of the connections.

Accordingly, in the current investigation, we attempted to fill the

gaps in the literature by probing the nexus between low physical

activity, high blood pressure (hypertensive), smoking, high

body-mass index (BMI), high fasting plasma glucose (diabetes

mellitus), high total cholesterol (hyperlipidemia), household

air pollution from combustion of solid fuels, ambient air

pollution, and cardiac mortality within the SAARC region

(Maldives, Bangladesh, India, Afghanistan, Nepal, Sri Lanka,

Pakistan, and Bhutan) using the grey relational models (GRA)

models: (i) Deng GRA, (ii) absolute GRA, and (iii) the second

synthetic GRA (SSGRA) model. The purpose of the absolute

GRA model is to provide integral closeness or proximity

between two variables, whereas Deng’s GRA model just reveals

partial closeness or proximity. The second synthetic GRA

model, on the other hand, incorporates the characteristics

of both Deng’s GRA and absolute GRA models to offer

a more comprehensive closeness, also known as inclusive

proximity. This closeness or proximity is also known as the

correlation in the current literature. The core idea behind

the GRA models is to evaluate the degree of relationships

between the study variables based on how comparable their

geometric curves are to one another. To put it simply, the

fundamental goal of GRA models is to quantify the proximity

or closeness of two data sequences that indicate two curves from

a distinct perspective. These insights set one GRA model apart

from another.

Based on the notion of an association between the reference

series and the comparability series of the data, GRA can ascertain

the potential factors of the given inputs. These models have

higher precision and could produce more reliable solutions

only with limited data. Besides, we also utilized two decision-

making approaches: (i) the Hurwicz (Min-Max) criterion and

(ii) the conservative criterion to carry out a comparative

assessment of all risk factors and cardiac mortality within

South Asia to indicate the significant contributor (among

country and chosen risk factors) of cardiac mortality. When

compared to existing strategies for compelling outcomes,

the recommended approaches are more effective and help

to minimize endogeneity challenges. The proposed model

is a vital tool and an additional pragmatic framework for

policymakers who seek to mitigate mortality attributable to

cardiac events. Figure 1 represents the graphical framework of

the investigated work.

Materials and methods

Data source

Data on the prevalence of cardiac risk factors (high

systolic blood pressure, high fasting plasma glucose, high

BMI, low physical activity, smoking, high total cholesterol,

ambient air pollution, household air pollution due to

combustion of solid fuels, and cardiac mortality within

the SAARC nations (Afghanistan, Bangladesh, India, Maldives,

Nepal, Sri Lanka, Bhutan, and Pakistan) are retrieved from
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TABLE 1 Multicriteria decision analysis (MCDA) techniques in healthcare.

No. Research in healthcare using MCDA techniques MCDA

Technique

Year References

1 Development, test, and comparison of two multiple criteria decision

analysis (MCDA) models: a case of healthcare infrastructure location

ER, AHP 2015 (14)

2 Application of multi-criteria-decision approach for the analysis of

medical waste management systems in Myanmar

AHP, ANP 2019 (15)

3 Application of multi-criteria decision approach in the assessment of

medical waste management systems in Nigeria

Fuzzy AHP 2021 (16)

4 Evaluating the security impact of healthcare web applications through

fuzzy-based hybrid approach of multi-criteria decision-making

analysis

Fuzzy AHP-TOPSIS 2020 (17)

5 Measuring the performance of healthcare supply chains in India: A

comparative analysis of multi-criteria decision-making methods

MABAC, CoCoSo,

MARCOS

2020 (18)

6 Fuzzy-based symmetrical multi-criteria decision-making procedure for

evaluating the impact of harmful factors on healthcare information

security

Fuzzy AHP-TOPSIS 2020 (10)

7 A multi-criteria decision-making approach for schizophrenia

treatment techniques

Fuzzy TOPSIS 2020 (19)

8 Capacity evaluation of diagnostic tests for COVID-19 using

multicriteria decision-making techniques

Fuzzy

PROMETHEE-

TOPSIS

2020 (20)

9 Patients’ satisfaction and public and private sectors’ health care service

quality in Pakistan: Application of grey decision analysis approaches

Grey incidence

analysis

2016 (21)

10 The use of multi-criteria decision-making models in evaluating

anesthesia method options in circumcision surgery

Fuzzy AHP, TOPSIS 2017 (22)

11 A lean approach to healthcare management using multicriteria

decision-making techniques

Fuzzy AHP 2021 (23)

12 Identifying a personalized anesthetic with Fuzzy PROMETHEE Fuzzy

PROMETHEE

2020 (24)

13 Comparative evaluation of the treatment of COVID-19 with

multicriteria decision-making techniques

Fuzzy

PROMETHEE-

VIKOR

2021 (25)

14 An extended best-worst multi-criteria decision-making method by

belief functions and its applications in hospital service evaluation

BWM-BFT 2020 (26)

15 Fuzzy PROMETHEE for ranking pancreatic cancer treatment

techniques

Fuzzy

PROMETHEE

2019 (27)

16 A hybrid multi-criteria decision-making method for cloud adoption:

Evidence from the healthcare sector

ISM-AHP-TOPSIS 2020 (28)

17 Evaluating nuclear medicine imaging devices using the fuzzy

PROMETHEE method

Fuzzy

PROMETHEE

2017 (29)

18 Service quality benchmarking via a novel approach based on fuzzy

ELECTRE III and IPA: an empirical case involving the Italian public

healthcare context

Fuzzy ELECTRE

III, IPA

2017 (30)

19 A case-based grey relational analysis model for multiple criteria

classification of thyroid nodules.

GIA 2020 (13)

20 Developing a strategic sustainable facility plan for a hospital layout

using ELECTRE and Apple’s procedure

ELECTRE 2021 (31)

21 Evaluating suppliers for healthcare centers using an ordinal priority

approach

OPA 2021 (32)

Frontiers in PublicHealth 03 frontiersin.org

489

https://doi.org/10.3389/fpubh.2022.995987
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Rehman and Rehman 10.3389/fpubh.2022.995987

FIGURE 1

The graphical abstract.

the Global Burden of Disease (GBD) Study 2018 for the

timespan 2001–2018.

Grey relational analyses

Grey relational analysis methods are one of the fundamental

aspects of grey system theory (GST), which was presented in

1982 by Chinese scholar Deng Julong to deal with ambiguous

processes with partial information (33). The basic principle

behind grey modeling is that the measure of closeness (or

correlation) of the multilateral pattern of a given dataset

representing the structural properties could be used to foresee

the closeness of a linkage among system variables. A detailed

description of the GRAmethod can be found in Liu et al.’s study

(34). The grey methodology was successfully applied in a variety

of research domains (35–39). The data series was investigated by

engaging GRA methodologies. The GRA models were designed

using SPSS (2019), whereas Microsoft Excel software (2019)

was used to solve the conservative (min-max) criterion and

the Hurwicz’s criterion. Initially, the degree of correlations is

estimated between the chosen study variables independently

using Deng’s degree of GRA, and then, the degree of influence

is estimated using the absolute degree of the GRA model. Later,

the second synthetic GRA model is estimated by incorporating

the outcomes obtained from Deng GRA and absolute GRA

models, which we named weights. Based on those calculated

weights, we set a ranking pattern of the countries to conclude

which country is more prone to the selected risk factors.

For decision-making under uncertainty, the conservative (Min-

Max) technique is deployed to choose the most influential factor

affecting cardiac mortality within South Asia. Furthermore,

Hurwicz’s approach is adopted to distinguish the risk variables

that have a relatively strong influence on CVD mortality in

South Asian countries. Figure 2 depicts the conceptualized

GRA paradigm. The accompanying section summarizes the

computing algorithms for grey relational models.

Deng’s GRA model

Let Yi be the reference sequence denoting a dependent

parameter and Yj be the comparative sequences denoting an

independent parameter. Then, at that point grey relational

gradient (GRG), the real number degree addressing the output
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FIGURE 2

The operationalized framework of grey relational analyses (GRA).

of the GRA model is depicted as γij or γ
(

Yi , Yj
)

and can be

accompanied by:

γ
(

Yi , Yj
)

=
1

ℏ

ℏ
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)

,

Where,

γ

(

Yi(l),Yj(l)

)

=
minkminl

∣

∣

∣
Yi(l) − Yj(l)

∣

∣

∣
+ ζ maxkmaxl

∣

∣

∣
Yi(l) − Yj(l)

∣

∣

∣

∣

∣

∣
Yi(l) − Yj(l)

∣

∣

∣
+ ζ maxkmaxl

∣

∣

∣
Yi(l) − Yj(l)

∣

∣

∣

In this case, ζ ǫ (0, 1) represents a distinguishing coefficient

and is assumed to be at 0.5.

Absolute GRA model

If Yi(dependent) and Yj(independent) are two distinct data

series connected within a system, the algorithm for computing

the absolute GRA is shown below (34).

ǫij =
1+ |ri| +

∣

∣rj
∣

∣

1+ |ri| +
∣

∣rj
∣

∣ + |ri−r|

ri =
∫

ℏ

1
Y
0
i dt, rj =

∫

ℏ

1
Y
0
j dt, ri− rj =

∫

ℏ

1

(

Y
0
i− Y

0
j

)

dt
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Second synthetic GRA model

The Second synthetic GRA (SSGRA)model can be produced

by incorporating the given equation.

= ϑ ǫij + (1− ϑ) γij ϑ ǫ [0, 1 ],

where ′ ′ indicates the SSGRAmodel, ′ǫ′ij indicates the absolute
GRA model, and ′γ ′ indicates Deng’s GRA model outcomes

across the two grey data series, i.e., Yi and Yj. Whenever a

decision-maker seeks an inclusive evaluation that combines the

pros of both ′ǫ′and ′γ ′ without endorsing one over another and
so setsϑ at 0.5, we assumedϑ at 0.5 for our analysis. The detailed

literature on grey modeling can be obtained from Liu et al. and

Kalyon et al.’s studies (34, 40).

Results

The present study employed grey techniques to accurately

measure the degree of relationship between cardiac risk factors

and related mortality within SAARC economies (Afghanistan,

Bangladesh, India, Maldives, Nepal, Sri Lanka, Bhutan, and

Pakistan) from 2001 to 2018. Table 2 shows the conclusions

of the grey relational models, specifically the Deng GRA, the

Absolute GRA, and the SSGRA, for cardiac risk factors and

associated mortality among SAARC economies. The parameters

for the SSGRA and absolute GRA models range from 0–1,

while, in the case of Deng’s GRA model, it ranges from 0.5–1.

Additionally, it is regarded to be strongly associated if it is close

to 1 and frailly assosciated if it deviates from 1. The obtained

ranking sequence based on GRA is shown in Figure 3 in

decreasing sequence for comparison purposes. Table 3 displays

the criterion action matrix of GRA.

According to Absolute GRA findings, India showed the

highest linkage between high systolic blood pressure and cardiac

deaths, whereas a frail association is experienced in Bangladesh.

Similarly, a distinct sequence is generated among SAARC

nations based on Deng’s GRA model. Maldives accumulated

the maximum weight accompanied by Nepal and Bangladesh

based on the results of Deng’s GRA model. The weakest

associations were found in Sri Lanka and Pakistan, with grey

scores of 0.5761 and 0.6370, respectively. Consequently, the

SSGRA model projections revealed that, among South Asian

economies, India appeared to be the strongest country for

raising CVD mortality, owing to raised blood pressure, trailed

by Maldives and Nepal. Hypertension influenced approximately

22% of the overall population and is thought to be the cause of

around 9.4 million deaths each year (41). As per the reports of

the World Health Organization (WHO), high blood pressure

is more concerning in LMICs, and India is not an exception,

as it is currently experiencing a 2-fold disease burden because

it transitioned from a period of communicable diseases to

one with a higher prevalence of NCD (42). The substantial

connection between high systolic blood pressure and CVD

mortality in India emphasized that there is an immediate

need for hypertension prevention and efforts to optimize the

hypertension care continuum.

A multitude of detrimental health and cognitive effects are

coupled with high fasting plasma glucose and CVDs (43). Nepal

is recognized as the SAARC country with the most substantial

contribution to cardiac mortality due to high fasting plasma

glucose with a grey score of 0.96321; however, Bhutan has the

least favorable association under absolute GRA model output.

Additionally, the strength of association for Nepal is shown

to be significant as compared to Bhutan. Nonetheless, as per

Deng’s GRA model, Bangladesh gave off an impression of being

profoundly powerful in raising CVD mortality and positioned

top among SAARC nations, whereas Afghanistan showed up

with themost fragile relationship by acquiring a weight of 0.6381

and positioned last. Notably, with the SSGRAmodel, Bangladesh

sustained its position and placed first within all South Asian

economies, demonstrating that the country is significantly

potent in raising CVD mortality, owing to high fasting plasma

glucose levels in its population, trailed by Nepal and Maldives.

Afghanistan and Bhutan were found to have the least effect

on cardiac mortality in the SAARC region by attaining grey

scores of 0.7658 and 0.7421, respectively. The increased level

of fasting plasma glucose is related to an increased incidence

of DM, which is a substantial risk factor in the progression

of cardiovascular disorders. Our findings corroborated some

earlier investigations that showed a substantial linkage between

high fasting plasma glucose levels and higher CVD mortality

(44, 45). This finding emphasized that the significance of raising

awareness and screening together with a customized approach is

fundamental for ending the scourge of diabetes and pre-diabetes

in Bangladesh.

The literature provided abundant evidence that the

predominance of high BMI is reliably and firmly related to

a greater risk of cardiac incidence and in turn leading to

mortality globally (46, 47). As per the results of Deng’s GRA

model, Bangladesh showed a more stable degree of association

between high BMI and cardiac mortality while Afghanistan

showed the weakest connection. In the case of Nepal, the

findings appeared to be the same for Deng GRA and the SSGRA

models, signifying a significant linkage between cardiac-related

mortality and high BMI in its population led by Bangladesh

and Sri Lanka. The significant linkage between high BMI

and cardiac deaths in Nepal was revealed to be the most

striking risk factor for assessing and foreseeing cardiac-related

mortality. Afghanistan and Bhutan emerged as the SAARC

economies with the least grey scores, representing the frail

relationship of high BMI with cardiac mortality under absolute

and SSGRA model outcomes, individually. The outcomes

supported earlier studies that established the relevance of high

BMI in the onset and progression of cardiac-related diseases

(48, 49). Obesity will disproportionately affect LMICs in the

future. Continuous urbanization stimulates risk factors such as
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TABLE 2 Grey assessment between cardiac risk factors and associated mortality.

Country Absolute GRA Deng GRA SSGRA

Pakistan 0.9458 0.6370 0.7914

Bangladesh 0.7103 0.7393 0.7248

Maldives 0.8004 0.9212 0.8608

Afghanistan 0.7846 0.7270 0.7558

Nepal 0.8097 0.8855 0.8476

India 0.9785 0.8195 0.8990

Sri Lanka 0.8258 0.6350 0.7304

Bhutan 0.8945 0.6459 0.7702

India < Maldives < Nepal < Pakistan < Bhutan < Afghanistan < Sri Lanka < Bangladesh

Pakistan 0.9127 0.6889 0.8008

Bangladesh 0.9186 0.8896 0.9041

Maldives 0.9339 0.7877 0.8608

Afghanistan 0.8935 0.6381 0.7658

Nepal 0.9632 0.7944 0.8788

India 0.9301 0.7437 0.8369

Sri Lanka 0.9069 0.7569 0.8319

Bhutan 0.8043 0.6799 0.7421

Bangladesh < Nepal < Maldives < India < Sri Lanka < Pakistan < Afghanistan < Bhutan

Pakistan 0.9187 0.6791 0.7989

Bangladesh 0.9785 0.7171 0.8478

Maldives 0.8550 0.7458 0.8004

Afghanistan 0.5969 0.7008 0.6488

Nepal 0.9738 0.8268 0.9003

India 0.8552 0.6818 0.7685

Sri Lanka 0.9659 0.7149 0.8404

Bhutan 0.6764 0.7280 0.7022

Nepal < Bangladesh < Sri Lanka < Maldives < Pakistan < India < Bhutan < Afghanistan

Pakistan 0.9015 0.8007 0.8511

Bangladesh 0.8628 0.8110 0.8369

Maldives 0.6917 0.5983 0.6450

Afghanistan 0.8686 0.6678 0.7682

Nepal 0.9356 0.8766 0.9061

India 0.9618 0.7992 0.8805

Sri Lanka 0.9482 0.8114 0.8798

Bhutan 0.6406 0.5748 0.6077

Nepal < India < Sri Lanka < Pakistan < Bangladesh < Afghanistan < Maldives < Bhutan

Pakistan 0.9748 0.7668 0.8708

Bangladesh 0.9494 0.7998 0.8746

Maldives 0.7039 0.7001 0.7020

Afghanistan 0.8140 0.6956 0.7548

Nepal 0.8383 0.8547 0.8465

India 0.9276 0.8840 0.9058

Sri Lanka 0.9147 0.8555 0.8851

Bhutan 0.8400 0.8202 0.8301

India < Sri Lanka < Bangladesh < Pakistan < Nepal < Bhutan < Afghanistan < Maldives

Pakistan 0.9007 0.7985 0.8496

Bangladesh 0.8731 0.8369 0.8550

(Continued)
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TABLE 2 (Continued)

Country Absolute GRA Deng GRA SSGRA

Maldives 0.6501 0.6101 0.6301

Afghanistan 0.7021 0.6993 0.7007

Nepal 0.9760 0.8214 0.8887

India 0.9366 0.8590 0.8978

Sri Lanka 0.9313 0.8223 0.8768

Bhutan 0.7892 0.7028 0.7460

India < Nepal < Sri Lanka < Bangladesh < Pakistan < Bhutan < Afghanistan < Maldives

Pakistan 0.8805 0.8685 0.8745

Bangladesh 0.9735 0.8257 0.8996

Maldives 0.7430 0.6350 0.6890

Afghanistan 0.7952 0.7666 0.7809

Nepal 0.7900 0.7440 0.7670

India 0.9537 0.8477 0.9007

Sri Lanka 0.7983 0.6991 0.7487

Bhutan 0.7761 0.7007 0.7384

India < Bangladesh < Pakistan < Afghanistan < Nepal < Sri Lanka < Bhutan < Maldives

Pakistan 0.8559 0.7679 0.8119

Bangladesh 0.6989 0.7115 0.7025

Maldives 0.4831 0.5171 0.5001

Afghanistan 0.6709 0.5695 0.6202

Nepal 0.9659 0.8001 0.8830

India 0.8983 0.8819 0.8901

Sri Lanka 0.5160 0.6980 0.6070

Bhutan 0.7666 0.7634 0.7650

India < Nepal < Pakistan < Bhutan < Bangladesh < Afghanistan < Sri Lanka < Maldives

Dependent variable: cardiovascular mortality; independent variables: all selected risk factors.

sedentary behavior and fat and sugar-loaded eating regimens.

Low-income nations like Nepal experience a 2-fold disease

burden of communicable dieases and NCDs, which are usually

accompanied by obesity (50).

Considering the impact of low physical activity on cardiac

mortality within the South Asian region, Pakistan, Maldives,

and Bhutan sustained their positions against all grey relational

models. However, the degree of relationship was assessed to be

more significant for the Pakistani populace than for Maldives

and Bhutan. Sri Lanka positioned second under absolute GRA

and Deng GRA models, but moved its position to third under

the SSGRA model; however, the estimated grey relational

weight is found higher in absolute GRA. Similarly, among

all SAARC countries, the assessed outcomes for Afghanistan

remained the same under Deng GRA and the SSGRA models

with a weak intensity of association. Under the SSGRA

model, the strength of the relation is meaningfully stronger

for Nepal, suggesting that low physical activity has a sizeable

influence on mortality in its dense population, accompanied

by India and Sri Lanka. The grey relational findings of our

study are found reliable with a scope of past investigations

in which sedentary behavior is discussed as a significant

risk factor. As the cardiac burden has been expanding,

primary and secondary care are likely to be fundamental

public healthcare policy priorities in the foreseeable

future (51, 52).

Based on the findings from the Deng GRA and SSGRA

models with relatively stronger intercorrelations, smoking was

found to be themost significant prognostic risk factor for cardiac

mortality in the Indian population. Nevertheless, Bangladesh

and Sri Lanka were ranked second and third, respectively, in

the South Asian region. As determined by the absolute GRA and

SSGRAmodels, Maldives and Afghanistan had the lowest scores,

suggesting that they have the lowest disease burden among

SAARC nations as a result of smoking. Considerable studies

showed that smoking raises the risk of almost all CVD subtypes,

essentially increasing the risk of cardiacmortality, such as stroke,

heart failure, and AMI (53, 54). It is estimated that, currently,

275 million individuals consume tobacco in India. Tobacco

is projected to cause approximately one million deaths per

annum in India, posing a significant burden of mortality (55).

Treatments for smoking cessation that are based on scientific
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FIGURE 3

Ranking sequence based on grey assessment.

TABLE 3 Criteria action matrix.

SSGRA C1 C2 C3 C4 C5 C6 C7 C8

A1 0.7914 0.7248 0.8604 0.7558 0.8476 0.8990 0.7304 0.7702

A2 0.8008 0.9041 0.8608 0.7658 0.8788 0.8369 0.8319 0.7421

A3 0.7989 0.8478 0.8004 0.6488 0.9003 0.7685 0.8404 0.7022

A4 0.8511 0.8369 0.6450 0.7682 0.9061 0.8805 0.8798 0.6077

A5 0.8708 0.8746 0.7020 0.7548 0.8465 0.9058 0.8851 0.8301

A6 0.8496 0.8550 0.6301 0.7007 0.8887 0.8978 0.8768 0.7460

A7 0.8745 0.8996 0.6890 0.7809 0.7670 0.9007 0.7487 0.7384

A8 0.8119 0.7025 0.5001 0.6202 0.8830 0.8901 0.6070 0.7650

evidence are available. To combat the tobacco pandemic,

more dissemination, adoption, and execution are essential. The

cardiology department has a professional responsibility to help

improve tobacco control initiatives and can play a pivotal role in

accomplishing a smoke-free future.

Table 2 provides an analysis utilizing the grey relational

models of the association between high total cholesterol and

mortality associated with cardiac disorders within South Asia.

The findings of this research corroborated with past research

studies that established the importance of high total cholesterol

with cardiac events and related mortality. Also, given the

scores computed by each of the three grey relational models,

Sri Lanka, Bhutan, Afghanistan, and the Maldives continued

their position and were designated as third, sixth, seventh, and

eighth, sequentially. Despite this, Maldives and Afghanistan are

considered the least influential countries with the impact of

high total cholesterol on CVD mortality among South Asian

countries. It is important to note that Nepal obtained the

highest weight based on the calculated findings of the SSGRA

model portraying the contribution of the significant burden
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of disease in its populace due to high total cholesterol trailed

by India and Sri Lanka. Epidemiological and clinical research

exhibited that an abnormal degree of cholesterol intensifies the

risk of coronary heart disease (CHD) (56, 57). Evidence also

suggested that having low HDL-C and high triglyceride levels

were a substantial risk factor for major coronary events (58),

and the post hoc analysis of various clinical trials revealed that

individuals with low HDL-C and high triglycerides levels have

the highest likelihood of suffering from CHD (59). To minimize

or forestall the risk of CVD in the Nepalese population, the

promotion of a healthy lifestyle and the implementation of a

comprehensive elevated serum cholesterol screening, treatment,

and control plan were required.

Our study additionally explored the influence of outdoor

pollution on CVD mortality among SAARC nations. The

conclusions of GRA models revealed that Bangladesh was

positioned at the top under the absolute GRA model, Pakistan

ranked first under Deng’s GRA model, whereas India ranked

top under the SSGRA model, which indicated a potential

effect of ambient air pollution as a substantial predictive risk

factor of CVD mortality. Furthermore, it appeared that Sri

Lanka, Bhutan, and the Maldives were the countries with the

weakest evidence of a link between outdoor pollution and

cardiac mortality. Similarly, Bangladesh ranked second under

the Deng GRA and SSGRA model outcomes while Pakistan was

positioned third under the absolute GRA and SSGRA model

outcomes, depicting that, after India, these regions had the

most notable repercussions of ambient air pollution on cardiac

mortality, with a strong linkage. The current findings supported

several other research studies that demonstrated a significant

contribution of ambient air pollution to the onset, progression,

and mortality of CVD.

An intriguing ranking pattern emerged when the effect of

household pollution due to solid fuels on cardiac mortality

was examined among SAARC economies. The risk factor of

household air pollution signified a greater impact on CVD

deaths in densely populated countries of Nepal and India,

although they shuffled their position under the absolute and

Deng GRA models. The findings exhibited that household air

pollution is a significant prognostic risk factor to measure and

foresee cardiac event-related fatalities among the population

of Nepal and India. Pakistan, Bangladesh, Bhutan, and the

Maldives maintained their ranking order against each of the

three grey relational outcomes with a significant degree of

correlation observed in the case of Pakistan in particular.

Of note, Afghanistan ranked sixth and Sri Lanka ranked

seventh under the absolute and SSGRA models, depicting

the least influence of the disease burden because of indoor

pollution due to solid fuels. The findings of the present study

showed a high correlation between indoor pollution due to

solid fuels and several cardiac ailments and related mortality,

which was consistent with the range of epidemiological

studies (39, 60, 61).

To proceed with the further analysis, we defined the country

variables as Pakistan (C1), Bangladesh (C2), Maldives (C3),

Afghanistan (C4), Nepal (C5), India (C6), Sri Lanka (C7), and

Bhutan (C8). However, risk factors are defined as high systolic

blood pressure (A1), high fasting plasma glucose (A2), high

BMI (A3), low physical activity (A4), smoking (A5), total high

cholesterol (A6), ambient air pollution (A7), and household air

pollution from solid fuel (A8).

The conservative (min-max) criterion

Subsequently, we followed the conservative (Min-Max)

technique to ascertain which South Asian economy is more

accountable for the rise in cardiac mortality. This metric was

adopted in line with the guidance provided by Prasad et al. (62).

As cardiacmortality needs to be lowered, the followingMin-Max

criterion was adopted:

min Cp
{

maxAk v (Ak,Cp)
}

= min Cp
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= 0.8901

According to the estimated figures, among the SAARC

countries, India has a substantial part attributable to

cardiac events. The results of the decision-making procedure

demonstrated that India can promote a novel approach and

implemented corrective actions to lower total cardiac mortality

within South Asia.

Hurwicz’s criterion result

Hurwicz’s method is applied to indicate probable CVD

mortality risk factors among SAARC countries. The reference

can be seen in the literature on the algorithms of this method

(63). Hurwicz’s criterion would be determined by maintaining

α = 0.8 since we seek to reduce cardiac mortality for the

present investigation.

minAk{α min Cp v
(

Ak,Cp
)

+ (1− α) max Cp v
(

Ak,Cp
)

}

Table 4 displays the weighted mean that is determined

using Hurwicz’s criterion. Given the estimated weighted average,

indoor pollution due to combustion (0.5781) was revealed to

be a more intense risk factor for accelerated cardiac mortality

among SAARC countries when compared with the remainder of

the risk determinants. The projected findings of both decision-

making techniques demonstrated that, among SAARC nations,
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TABLE 4 Assessment based on the Hurwicz criterion.

Max Min Weighted average Hurwicz’s decision

0.8990 0.7248 A1 [(0.8× 0.7248)+ (0.2× 0.8990)]= 0.7596

0.9041 0.7421 A2 [(0.8× 0.7421)+ (0.2× 0.9041)]= 0.7745

0.9003 0.6488 A3 [(0.8× 0.6488)+ (0.2× 0.9003)]= 0.6991

0.9061 0.6077 A4 [(0.8× 0.6077)+ (0.2× 0.9061)]= 0.6674

0.9058 0.7020 A5 [(0.8× 0.7020)+ (0.2× 0.9058)]= 0.7428

0.8987 0.6301 A6 [(0.8× 0.6301)+ (0.2× 0.8987)]= 0.6838

0.9007 0.6890 A7 [(0.8× 0.6890)+ (0.2× 0.9007)]= 0.7313

0.8901 0.5001 A8 [(0.8× 0.5001)+ (0.2× 0.8901)]= 0.5781 Minimum

Nepal is the leading contributor to cardiac mortality, while

household air pollution is the most intensified risk factor in

accelerating cardiac events. Thus, renewed endeavors to address

the prevention, intervention, diagnosis, and administration of

CV risk factors among SAARC countries are required.

Discussion

The findings of GRA revealed that India and Nepal are

the leading drivers of high CVD mortality in the regions of

South Asia. Of note, Afghanistan, Bhutan, and the Maldives

appeared as the least influential countries in terms of disease

burden in the present investigation. Also, the outcomes

of the decision-analysis integrating two distinct approaches

demonstrated a robust connection between India, household

air pollution from solid fuels, and cardiac mortality within the

SAARC economies. More precisely, the findings of the present

investigations indicated that household air pollution from solid

fuels significantly affected CVDmortality, with India as a leading

contributor of CVD-related deaths in the SAARC regions more

potentially than other variables.

The primary contribution of the present study is that it

takes into account a range of determinants and mortality

associated with CVD in all SAARC nations. In India, the

prevention of risk factors to forestall the CVD burden is

poor. Although patients with such ailments need medical

care, they are commonly misdiagnosed, overlooked, or left

unmanaged. To curb the rise of the CVD burden in India,

new cost-effective techniques to alter cardiac risk factors will

need to be implemented, distributed, scaled, and sustained (64,

65). Developed economies encountered considerable reductions

in age-adjusted cardiac mortality because of population-wide

primary preventive efforts combined with advances in secondary

and emergency treatment. To accomplish comparable additions,

India must adopt the populace-level approach intercessions

while fortifying and coordinating its regional, local, and national

health care systems. To enable all Indians to achieve their

right to health, providing universal health insurance, particularly

financial risk protection, remains an idealistic objective.

Innovation in research across the therapeutic continuum

will be fundamental for effective control and prevention of

CVD in India, with bits of knowledge that could impact

worldwide endeavors.

Surprisingly, of all selected CV risk factors, household air

pollution held considerable domination in cardiac deaths within

South Asian countries. Chronic exposure to air pollutants is

a known risk factor for a range of CV-associated morbidity

and mortality (66, 67). Almost 33% of the total population

and an incredibly greater part of households in low-income

settings depend on biomass fuels like wood, coal, manure,

and agricultural wastes as their principal source of homegrown

energy. Because of their fragmented ignition, a large number of

pollutants related to undeniable degrees of indoor air pollution

are produced, which incorporate suspended particulate matter

(SPM), formaldehyde, carbon monoxide (CO), polycyclic

fragrant hydrocarbons, nitrogen dioxide (NO2), andmuchmore

(68). There is growing evidence suggesting that exposure to these

pollutants may raise the risk of cardiac events and associated

mortality. It is estimated that the use of solid fuels in residences,

mostly for cooking, causes more than 3.5 million early deaths

per annum and approximately 110 million disability-adjusted

life years (DALYs) (69, 70). The effects of indoor air pollution

on cardiac health and outcomes have received less attention

in emerging Asian nations, although they use equivalent or

more biomass fuel than industrialized countries, indicating

higher levels of indoor air pollution and relatively higher CVD

burdens (61). It is one of the significant worldwide public

health challenges and needs increased preventative endeavors

via studies and legislation. Multiple workarounds are known

to lower indoor emissions while cooking. At the community

scale, energy technology must be modernized and public

knowledge of the severity of cooking-related pollution must

increase. Adequate actions to address a wide range of cooking-

related difficulties through education, economic growth, and

renewable energy resources may be very advantageous in

lowering the potential heart health risks caused by biomass

fuel emissions.
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The data from GBD relied on regularly accessible statistics

from several countries and regions, despite being comprehensive

and open to almost all nations around the globe. There

may be variations in the reliability of data collection and

processing and the validity of the cause of mortality. In

addition, if the variables (risk factors) are extended, subsequent

research may be conducted using more grey relational

methodologies to do a comparative analysis with other regions

of the world.

Conclusion

Our insights have considerable implications for health

policies and decision-makers for achieving sustainable

development goals (SDGs) of wellbeing and good health. To

attain a health goal with a perspective of CVD, we need to

comprehend that the healthcare industry is merely one of many

contributors to healthier longevity. Nutrition, lack of physical

activity, environmental sustainability, and tobacco usage will all

be impacted by agricultural, climatic, transportation, economic,

and trade deals. To endorse and vindicate a meaningful

reversion in cardiovascular health, we must cooperate across

disciplines and geographic boundaries. Only then could we

encourage other organizations and enterprises to devote

themselves to our shared objectives, which are essential to

global population healthcare and prosperity. Ideally, the SAARC

governments should solidly work together, advocate, and

emphasize initiatives that might reduce the burden of CVD in

the zone via evidence-based therapeutics encompassing prompt

diagnostics and prevention to optimal care and treatments.

We suggest that multi-sectoral cooperation involving all

stakeholders is vital to develop an awareness of risk factors,

mitigation, treatment, and aftercare of heart disease across the

South Asian region.
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Role of household waste,
governance quality, and greener
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Jiping Wei1†, Lihua Xu2† and Jing Zhou1*

1School of Management, Chengdu University of Traditional Chinese Medicine, Chengdu, China,
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In the current times, the global economies and international organizations

declared that pollution is one of the prominent causes of declined human

health. Still, most literature is biased toward economic sustainability and

ignores such vital issues. The current study tends to identify the factors

a�ecting public health in the Group of Seven economies except for Italy

(G6). Specifically, this study aims to investigate the influence of household

waste (HHW), bureaucratic quality (BQ), democratic accountability (DA),

urbanization growth (URP), GDP per capita, and renewable energy use

(EPR) on public health, throughout 1996-2020. This study uses advanced

panel data approaches and finds the heterogeneity of slope coe�cients, the

dependence of cross-sections, and the persistence of cointegration between

the variables. The asymmetric distribution of data leads to employing the novel

method of moment quantile regression. The estimated results reveal that URP,

GDPPC, and EPR significantly increase domestic general government health

expenditures, improving public health. However, HHW and BQ adversely a�ect

public health by reducing health expenditures. The robustness of the results

is tested via utilizing the panel quantile regression. Based on the empirical

findings, this study suggests policies regarding the improvement in public

health expenditure, R&D investment, spending in renewable energy sector, and

strengthening of the institutional quality.

KEYWORDS

public health, household waste, governance quality, renewable energy, urbanization,

economic growth, method of moment quantile regression

Introduction

The majority of the people around the world live below the poverty line and

globalization has complicated the health equality challenge in the world (1). Since

the COVID-19 outbreak, health expenses have further augmented around the world

affecting the rich and poor nations more. The availability of healthcare facilities

for all is on the Sustainable development goals (SDG) agenda; however, providing

primary health facilities to people has become a question mark since the pandemic.
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The health expenses in tackling health risks differ for different

economies depending on their financial stability (2). Some

countries spent <1% of their financial budget, while some

spent a significant share of their GDP on healthcare. Several

factors are responsible to influence healthcare expenditures

such as governance, accountability, civil society, and economic

policies (3). The pandemic has devastatingly influenced our lives

across the globe, especially when a person needs healthcare

services. International organizations and developed economies

are adopting strategies for limiting environmental pollution and

overcoming significant challenges like health inequality. The

world is facing several global economic, environmental, and

social challenges and the developed economies are standing at

a crossroads. For that reason, sustainability either health or the

environment has now become a global concern. To secure world

order and democracy, the Group of Seven economies must come

forward to ensure health sustainability because these countries

have a substantial role in restructuring international policies and

supporting vulnerable poor economies (4). The deteriorating

health risks affect sustainability and economic development.

Therefore, the increasing health expenditure by the government

positively impacts the public’s health and ultimately encourages

sustainable development (3). Further, conferring at the G7

summit (5), developed economies broadly discuss issues like

climate change, economic sustainability, and global health

besides providing an influential strategic role. Moreover, G7

has worked on countless health crises and health commitments

for sustainability. Recently they joined the session on global

health concerns to reinforce strategies for health emergencies

(5, 6).

In prevailing literature elaborates on the connections of

study variables concerning health. In the existing literature,

the association between household waste, Bureaucratic

Quality, Democratic Accountability, and health expenditures

is not a highly discussed area among scholars. Though,

some studies documented the connotation regarding

health outcomes. Nazarov and Obydenkova (7) examined

that Democratic accountability is linked to better choices

and policies for the public and health and is an integral

part of good governance. The efficiency is democratic

accountability is significant for public health in the

economy. Likewise, Bureaucratic Quality improves health

quality if appropriately managed (3). In an innovative

study, Gutberlet and Uddin (8) evaluated household

waste as not usually toxic but harmful to public health

because it spreads hazardous diseases to the general

public. The literature on health expenditure is limited

and fixated on economic growth and renewable energy

consumption. The relationship between renewable energy

and economic growth on health expenses is momentous

(9–12). Hence the present study is interested in investigating

the role of household waste and governance in public

health expenditures.

Attributable to the research requirements, the study

aims to investigate the following three objectives. First,

the role of governance is examined in public health in

G7 countries, except Italy. The Bureaucratic Quality and

Democratic Accountability proxy for governance quality

and government health expenditures are employed in two

modifications alongside explanatory variables. Second, the

impact of renewable energy on public health expenditures

is observed in both econometric models. The study uses

novel variable electricity produced from renewable sources to

accomplish this objective. Third, the study examines household

waste’s influence on health expenditures in G6 economies in

both econometric models.

As per se, governance, renewable energy, and household

waste significantly impact public health in an economy. Thus,

the study is motivated to assess bureaucratic quality, democratic

quality, household waste, and green energy on public health

expenditures in G6 countries. Since the Sustainable development

program 2030, the global environmental crisis and health

disparity have increased. The developed nations have confronted

several challenges in the past and now it is high time that

G7 economies come to the forefront to tackle challenges like

health inequality, poverty, and hunger to make themselves an

example for other nations worldwide (4). Additionally, these

developed economies have amajor role in shaping global policies

for sustainability. The empirical results have demonstrated

significant determinants of government health expenditures.

Institutional quality is significant in evaluating the health

expenditures for improving health quality. Hence, the study

significantly examines the role of governance (BQ and DA)

and clean energy on public health for G6 nations to provide

substantial outcomes in evaluating policies for mitigating these

chief challenges like health predicament.

The study contributes to the literature in threefold

subsequent ways.

First, the study’s originality is that it is foremost in

evaluating the role of governance quality on public health

expenditures. After the pandemic, the world’s health concerns

escalated, prompting countries and governments to adopt strict

measures to ensure health quality. Therefore, the study evaluates

the governance role in G6 nations (dropping Italy from the

G7 list due to data unavailability). For this, the influence

of institutional factors like Bureaucratic Quality (BQ) and

Democratic Accountability (DA) on health expenditures are

scrutinized and considered new input in the extant literature

because they substantially affect public health outcomes (3).

Moreover, the study contributes to the prevalent literature by

examining the role of institutional quality in two different

econometric models. The justification for selecting two different

models is that taking both the institutional (Bureaucratic Quality

and Democratic Accountability) variables in one model could

lead to estimation bias or creates the question of multi-

collinearity. Therefore, the study scrutinizes the role of the
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said novel variables like (BQ and DA) on government health

expenditures that will support analyzing the governance quality

over public health. The current findings meaningfully provide

new evidence to the empirical literature.

Second, attributable to panel data concerns and the

issue of non-linearity, the objectives are accomplished by

employing modern and updated panel econometric analysis.

The uniqueness of the study in the prevailing literature

lies in employing Novel approaches such as MMQR that

provide specified results besides verifying the long-run linkage

among variables. The non-parametric Quantile regression is

also used to assess the influence of each explanatory variable

on DGHE providing evidence of the validity of the research

models. Further, the present work employs the pairwise panel

Granger causality tests at the end which are more effective

at addressing the problems with panel data. Supplementary

details are elaborated in section Data and methods of the

manuscript correspondingly.

Third, the study utilizes an updated data period from 1996 to

2020. In addition, this study scrutinizes the association between

Bureaucratic Quality and Democratic Accountability, Economic

Growth, Renewable Energy use, Household waste, and Urban

population on Public Health in two different modifications in a

panel study for the Group of six developed nations by practically

contributing to the first time in the prevailing literature.

The rest of the manuscript is organized as follows.

The next Section Literature review is on the review of the

empirical literature: Sections Data and methods and Results

and discussions document methodology and results with

discussions, respectively. Lastly, the conclusion and policy

implications are mentioned in Section Conclusion and policy

implications of the study.

Literature review

The empirical literature review on variables under

consideration is elaborated in this section of the manuscript

for clarification.

Renewable energy use, household waste,
urban population, and public health

The relationship between health expenses and economic

growth is inverse. Alhassan et al. (13) examined the relationship

between health expenditures and economic growth. The

empirical results demonstrated an inverse association

between health expenses and economic growth. Ghorashi

and Rad (14) examined the unidirectional causal association

between economic growth and health expenditures in Iran.

However, the causality runs from health expenses to economic

growth. In the case of Turkey, the cointegration analysis

demonstrated a unidirectional and significant association

between health expenses and economic growth (9). In Asian

economies, Nasreen (10) observed positive associations

between economic growth and environmental pollution

on health expenditures. The findings depicted that the

magnitude of the coefficient of environmental pollution is

higher than economic growth and bidirectional causality exists

between economic growth and health expenses. Similarly,

a bi-directional relationship between health expenses and

economic growth in China was demonstrated (15). In contrast,

Kutlu and Örün (16) examined a panel econometric analysis

in OECD economies. The empirical findings discovered a

long-run positive relationship between GDP growth and health

expenditures because increasing economic activities increase

pollution, thereby increasing health expenses. Likewise, a

positive linkage is observed between economic growth and

health expenses (17). Additionally, (18) observed an asymmetric

(positive/negative) association between economic growth

and health expenditure due to different levels (high/low) of

human capital.

The increased renewable energy consumption is inversely

related to carbon emissions leading to lesser health effects.

Therefore, the more renewable energy is consumed lesser

will be the health expenses. Ullah et al. (19) examined the

association between renewable energy and health expenditures.

The empirical findings depicted a negative association

between them. Further, a bi-directional causal association

occurred in the case study of G7 economies. The empirical

findings suggest that health expense impacts the renewable

energy budgets in the country (12). In another novel study,

Shahzad et al. (20) explored the negative impact of renewable

energy on health expenditures and carbon dioxide emissions.

The granger analysis demonstrated a unidirectional causal

association between renewable energy consumption and

health expenditures. Mehmood et al. (11) elucidated that

increasing renewable energy consumption positively impacts

environmental quality, reducing health risks and expenditures

on health. They presented a negative association between

renewable energy and health expenses by employing FMOLS

and DOLS econometric analysis for investigating long-run

relationships. In the study of EU nations, Sasmaz et al. (21)

observed that improving renewable energy aids public health

by upsurging health spending in European countries. The

study demonstrated a unidirectional association between

renewable energy and health expenditures in countries that

joined before the year 2000, while a two-way directional

association occurred in countries that joined after the

year 2000.

The increased health risks increase public and private

health expenses in the economy. According to World Health

Organization (22), millions of people are affected by household

air pollution and prematurely die from household pollution

and waste due to increasing health concerns and environmental
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deterioration (23). In the existing literature, the association

between household waste and health expenses is not a highly

discussed area in academics. However, a few studies examined

aspects related to the variables. Zeeshan et al. (24) scrutinized

that environmental waste positively affects health expenditures.

The increasing waste significantly raises health spending because

of increased health risks. (25) inspected the factors of household

waste disposal that impact health expenses. The study revealed

significant factors that influence expenditures. The areas having

no household waste facilities are suffering from health risks.

The increasing industrialization significantly increases

urbanization across the globe. Thus, urban growth has a

substantial impact on the expenditures on health in an economy.

Ahmad et al. (15) examined the bi-directional causal association

between urban growth and health expenditures in China.

The findings exhibited a positive association between them.

For that reason, urbanization significantly increases health

expenditures. Çetin and Bakirtaş (26) observed that urban

growth caused an increase in health spending. The econometric

analysis confirmed the association. Moreover, Fattahi (27)

discovered the reinforcing role of urbanization in escalating

health expenditures. Recently, Shao et al. (28) analyzed the

positive and significant association between urbanization and

health expenses. The findings depicted that increasing urban

growth leads to increased expenditures on health and behavior

(29). In addition, Ahmad et al. (30) discovered the asymmetric

relationship between urban growth and health spending.

Role of bureaucratic quality and
democratic accountability on public
health

Literature is scarce on the relationship between democratic

responsibility on public health, though the following set of

studies from the extant body of knowledge aid in elucidating the

aspects of the connection. (31) stated that weak accountability

is directly proportional to weak health systems leading to

decreasing government health expenses in an economy. Farag

et al. (32) suggested and highlighted the importance of

government health spending and democratic effectiveness

using the fixed effect model. The results demonstrated that

the improvement in democratic accountability increases the

efficiency of health expenditures in an economy. Another

study inspected mixed findings on the relationship between

governance and health expenditures (33). Also, Liang and

Mirelman (34) scrutinized the linkage between government

health spending and democratic accountability. The empirical

findings depicted the positive and diminishing impact of

democratic accountability on health expenditures when the

economy and government are stable.

Heaton and Walid (35) recommended that for rampant

healthcare systems, the efficient quality of bureaucracy is

required. In a novel article, Segel (36) states that bureaucratic

quality is one of the determinants of enhanced healthcare

systems in the USA. The empirical research by Makuta and

O’Hare (37) determined that good governance, a proxy for

bureaucratic quality, aids in reducing mortality rates due to

levitating the government health expenditures in the country.

Rehmat et al. (38) also examined the significant relationship

between bureaucratic quality, democratic accountability, and

health outcomes.

To the best of the authors’ knowledge, the existing literature

hasn’t focused on scrutinizing the impact of household waste,

Bureaucratic Quality, and Democratic Accountability on public

health, especially on health expenditures. Therefore, the present

study aims to analyze the stated linkage in G6 economies by

providing additional evidence in the empirical literature.

Data and methods

Data and model specification

Based on the prevailing literature, this study observed

the need for an empirical study regarding human health,

influenced by numerous economic, governance, institutional,

environmental, and energy-related factors. For omstance, it

ican be observed from the above mentioned literature that the

pollution level and wastes are playing a substantial role in human

health declination (16, 39). As a matter of fact, the G6 economies

are still using carbon intensive energy resources, which although

provides higher economic, along with the increase in public

heath expenditure (10). Thus, it can be observed that both

the wastes and economic growth could have a role in the

health expanditures, which is relevant to study empirically.

Additionally, this study observed that the recent trend in

renewable energy consumption is rapidly increasing, which

could have also have a substantial influence on the public health

as renewables are the an alternative source of the traditional

fossil fuel (11), therefore, the importance of renewable energy

could not be ignored in the public heath related expenditures.

Besides, the bureaucratic quality and democratic accountability

affects the economic and political stability in the country.

Therefore, the importance of these variables cannot be ignored

in the public health spendings in the developed economies as

these variables have a substantial influence over the gadgetry

decision of the government (31, 32).

In this context of above-mentioned discussion, the current

study proxied domestic general health expenditures (DGHE)

for public health [measured as domestic general government

health expenditure per capita (current US$)]. On the other hand,

this study uses household waste (HHW), bureaucratic quality

(BQ), democratic accountability (DA), urbanization growth
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(URP: urban population), gross domestic product (GDPPC:

constant US$ 2015), and renewable energy [EPR: Electricity

production from renewable sources, excluding hydroelectric

(kWh)]. Following the study of Wei et al. (39), this study

constructed the following models:

Model-1

DGHEit = β0 + α1HHWit + α2BQit + α3URPit

+ α3GDPPCit + α3EPRit + εit , (1)

WhereModel-1 indicates that HHW, BQ, URP, GDPPC, and

EPR combinedly are the function of DGHE.

Model-2

DGHEit = β0 + α1HHWit + α2DAit + α3URPit

+ α3GDPPCit + α3EPRit + εit , (2)

Where Model-2 indicates that HHW, DA, URP, GDPPC,

and EPR combinedly is the function of DGHE, further, β

and α′s represent intercept of the model, and slopes for each

variable, respectively. The subscript “i” and “t” reports the

cross-sections and time series, respectively, which are the G6

countries, including the United States, the United Kingdom,

Japan, Germany, France, and Canada, covering the period from

1996 to 2020. The reason for dropping Italy from the G7 list

is the data unavailability. Whereas, justification for selecting

two models is that taking both the institutional (BQ and DA)

variables in one variable could lead to estimation bias or

the issue of multi-collinearity. Moreover, the random error of

both models is captured via ε. Data for all the variables are

extracted from the World Development Indicators of the World

Bank (40)1.

Estimation strategy

This study investigates descriptive statistics for researched

elements to provide a comprehensive overview of panel data. In

particular, descriptive analytics covers the mean, median, and

range values, the latter containing the minimal and maximum

observations of data. This research also investigates the variable’s

standard deviation, which demonstrates the temporal variable’s

1 For data and information, visit: https://databank.worldbank.org/

source/world-development-indicators.

volatility by demonstrating the data’s dispersion from the mean

value of a particular variable. Further, two normality metrics are

performed to analyze the data’s distributive properties: skewness

and Kurtosis are used to verify whether a variable’s distribution

meets the normalcy criteria. Nonetheless, Skewness and Kurtosis

provide genuine information on the variable’s dispersion.

However, this approach tackles the issue of normality with more

precision. This study used the Jarque and Bera (41) normality

test, which assesses skewness and excess Kurtosis and maintains

them equal to zero as a null hypothesis for normal distribution.

The following is Jarque-Bera’s mathematical equation for

normality statistics:

JB = N.
1

6

(

S2 +
(K − 3) 2

4

)

., (3)

Since this research focuses on panel data, panel data

techniques are feasible to employ. The first phase of this panel

inquiry is to evaluate the Slope heterogeneity and Cross-section

Dependence of the selected Panel data. In certain industries,

panelist nations may have both similarities and distinctions.

However, the similar characteristics of countries may lead

to inaccurate forecasts in econometric research, particularly

in panel estimations (39, 42). Therefore, assessing if the G6

economies have similar or distinct characteristics is essential.

In this instance, the slope coefficient homogeneity (SCH) test

designed by Pesaran and Yamagata (43) is used to examine

coefficients that were comparable to the hypotheses: “slope

coefficients are homogeneous.” The basic formulas for the

specification described above are as follows:

̂1SCH = (N)1/2(2k)−1/2
(

1

N
Ś− K

)

., (4)

̂1ASCH = (N)1/2
(

2K(T − K − 1)

T + 1

)−1/2 ( 1

N
Ś− 2K

)

.,

(5)

Where ̂1SCH symbolizes the slope coefficient homogeneity

(SCH) and ̂1ASCH denotes the slope coefficient homogeneity

(SCH) after adjustment.

In today’s globalized society, several variables may increase

a nation’s dependence on the rest of the world, such that an

alteration in a variable in one country may have repercussions

in another country or area. However, ignoring cross-sectional

dependence may also lead to erroneous and confusing findings

(39, 44). Therefore, we used Pesaran (45) cross-section

dependence (CD) test to assess cross-section reliance across

the G6 countries. The following is an overview of the test

described above, which takes cross-sectional independence as

the null hypothesis.

CDTest =

√

2T

N(N − 1)

∑N−1

i=1

∑N

k=1+i
Tik., (6)
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Due to the predominance of panel data concerns, i.e., SCH

and CD, a suitable unit root estimation method is used to

tackle these problems. This research used the cross-sectional

IPS (i.e., CIPS) test devised by Pesaran (46), which is more

robust than the ADF, Levin, Len, and Chu, etc., unit root tests in

compensating for the panel data problem and producing more

reliable findings. Pesaran (47) first presented a factor modeling

method to assess unexplained cross-sectional means for cross-

sectional dependence. Pesaran (46) integrates the mean and first

differentiated cross-section lags into the ADF linear regression

using the same procedures. This method permits cross-sectional

dependency despite the imbalance of the panel (N > T or T

> N). By using the following equation, the CIPS empirical

results might be obtained:

CIPS = N−1
∑N

i=1
CADFi., (7)

The Pesaran (46) CIPS tests assume the existence of a unit

root in a panel time series.

Since the previous estimator discloses the stationary

properties of each variable, it is necessary to determine if

they have a long-term equilibrium connection. This research

employs two-panel cointegrationmethods: the cointegration test

of Kao (48) and the cointegration test of Pedroni (45). In these

tests, Kao (48) assesses the Dickey-Fuller t, Modified Dickey-

Fuller t, the Augmented Dickey-Fuller t, the unadjusted Dickey-

Fuller t, and the unadjusted Modified Dickey-Fuller t, while

the Pedroni (45) evaluates the modified Phillips-Perron t, the

Phillips-Perron t, and augmented Dickey-Fuller t statistics. Both

of these tests presume that the examined variables have no long-

term link. Nonetheless, suppose the empirical findings of these

specifications are significant at any 10, 5, or 1% levels. In that

case, the null assumption will be rejected, and it will be predicted

that cointegration exists between the variables.

Since the investigated variables displayed stationarity, one

of the conditions for determining long-run elasticities, and also

had the characteristics of long-run cointegration. Therefore,

the long-run elasticities may be derived. Consequently, the

present research considers the asymmetrical data distribution,

demanding using a novel Method of Moment Quantile

Regression (MMQR) technique. Koenker and Bassett Jr. (49)

presented the quantile regression method to assess the mean

dependency and conditional variance for minimizing non-

linearity issues. Machado and Silva (50) developed the MMQR

technique for assessing the distribution of quantile estimates

based on this methodology (51). The sophisticated formula for

the conditional location-scale variation Qy(τ |R) is as follows:

Yit = αi + βRit +
(

γi + ρŹit

)

µit , (8)

In equation (9), the probability expression

p
(

γi + ρŹit > 0
)

, is equal to one, whereas α, β , γ , and

ρ represent the values that this study chooses to forecast.

The subscript (i) denotes the fixed effect described by the

parameters αi and γi, which would be constrained to the values

i = 1, 2, . . . , n. Consequently, the distinctive component

of R, denoted by Z, is the k-vector, while the vector denotes

the variation“ .”

Z1 = Z (R) , = 1, 2, . . . , k, (9)

In the preceding equation, Rit is distributed independently

and identically for the overall fixed i and time (t), which is

orthogonal to both i and t (50). Consequently, the outside

elements and reserves are both stable. Based on the above

argument, both research models [Eq. (1) and Eq. (2)] may be

reformulated as follows:

Qy (τ |Rit) =
(

αi + γiq (τ )
)

+ βRit + ρŹitq (τ ) , (10)

In this transformed research model, the set of explanatory

variables, which comprises HHW, BQ, URP, GDPPC, and EPR

(Model-1), while the HHW, DA, URP, GDPPC, EPR (Model-

2) variables, all of these variables are captured by Rit . Besides,

all of these variables are converted into natural logarithms,

rendering them unitless to express the estimated outcomes as

a percentage. Furthermore, Rit reflects the quantile distribution

of the dependent variable, as shown by Yit and is supposed

to be DGHE in this case, which also depends on the quantile

location. Moreover, the expression −αi (τ ) ≡ αi + γiq (τ )

Reflects the scalar portion that generates the fixed impact of τ

quantiles on i nevertheless, these quantiles have no consequence

on the intercept. Certain outputs are susceptible to change due

to the factors’ structural independence. Lastly, q (τ ) represents

the τ − th quantile sample, which are Q0.25, Q0.50, Q0.75, and

Q0.90 in this study. Therefore, the quantile equation used in this

study is as follows:

minq
∑

i

∑

t
θτ

(

Rit −
(

γi + ρŹit

)

q
)

(11)

Where θτ (A) = (τ − 1) AI {A ≤ 0} + TAI {A > 0} stands
for the testing function.

Although the empirical results of the MMQR provide

estimated results at a specific location and scale, this study still

verifies the robustness of the long-run estimators. Therefore,

the non-parametric panel approach, i.e., quantile regression

proposed by Koenker and Bassett Jr. (49), is used to assess the

influence of each explanatory variable on DGHE. Besides, the

quantile regression will also provide evidence for the validity of

the models under consideration. In addition to identifying the

long-run estimator, this research aims to analyze the causative

link between CO2 emissions and the regressors since previous

estimating methods did not demonstrate a causative link

between the studied variables. In this context, the present work

employs the pairwise panel Granger causality test developed

by Dumitrescu and Hurlin (52), which is more effective at

addressing the mentioned problems with panel data.
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TABLE 1 Descriptive statistics and normality check.

DGHE HHW BQ DA URP GDPPC EPR

Mean 7.985048 10.42534 3.882533 5.677267 18.05553 10.58271 23.93915

Median 8.071815 10.32840 4.000000 6.000000 17.88389 10.54866 23.77579

Maximum 8.622022 11.84898 5.000000 6.000000 19.42876 11.01349 26.48349

Minimum 7.314934 8.857928 3.000000 4.000000 16.95454 10.31094 21.55269

Std. Dev. 0.294028 0.715293 0.348899 0.466082 0.702314 0.172524 1.274544

Skewness −0.370871 0.617970 −1.425295 −1.021327 0.547105 0.588474 0.099974

Kurtosis 2.494274 3.168797 6.198084 2.732857 2.399756 2.533737 2.157220

Jarque-Bera 5.037124 9.725252 114.7101 26.52377 9.734920 10.01629 4.689110

Probability 0.080575 0.007730 0.000000 0.000002 0.007693 0.006683 0.095890

Observations 150 150 150 150 150 150 150

Results and discussions

The results and their interpretation is elaborated in this

segment of the study. The study utilizes cointegration analysis,

Quantile regressions, and causality tests to examine the

variables’ association.

Pre-estimation diagnostics

The descriptive statistics and normality results are reported

in Table 1. The average values are expressed bymean andmedian

values, which are nearly close to each other. The standard

deviation shows the deviation from mean values or data spread

of the variables. Moreover, the skewness and Kurtosis values lie

in the range as illustrated by (53), depicting the distribution and

peakedness of the variables. In general, the data is non-normal

with skewed distribution.

Slope heterogeneity and cross-section
dependence

Attributable to the presence of financial, socio-economical,

and technical factors among a different set of countries

under the cross-section might prevail some comparisons

and divergences, or else the presence of some unknown

factors affects the variables. These sometimes tend to

give biased outcomes. Therefore, the study employs Slope

heterogeneity and Cross-sectional dependence for reliable and

efficient results.

Table 2 presents the homogeneous or heterogeneous slope

results of both models. The statistical values of both models

(1&2) reject the null hypothesis of homogeneity at a 1%

significance level. The findings demonstrate that both models

are heterogeneous, leading to the analysis of cross-sectional

dependence. Table 3 shows the results of the cross-sectional

dependence of the variables under study by Pesaran (54).

TABLE 2 Slope heterogeneity.

Homogenous/heterogeneous slope coefficient testing

1̃ 1̃Ajusted

Model-1

3.261*** 3.843***

Model-2

4.358*** 5.136***

Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

TABLE 3 Cross-section dependence test.

Pesaran (54) CD Test

Variable CD-test Corr

DGHE 14.40*** 0.743

HHW 1.75* 0.090

DA 1.74* 0.090

URP 17.93*** 0.926

GDPPC 18.19*** 0.939

EPR 13.78*** 0.711

Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

The statistical values present that the variables reject the

null hypothesis of no inter-dependence. The variable is

significant at 1 and 10% levels of significance across the panel,

illustrating that variables are correlated and interdependent in

the panel.

Unit root analysis

The discoveries of cross-sectional dependence lead toward

examining unit root analysis of the variables. Transforming the

conventional ADF test, the study utilizes Pesaran Unit root

analysis (46) and the estimated result for this test is provided
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TABLE 4 Unit root testing (46).

Variable(s) Trend and intercept Order of integration

I(0) I(1)

DGHE −3.289*** - I(0)

HHW −2.542 −4.098*** I(1)

BQ −0.832 −2.910** I(1)

DA −2.748* - I(0)

URP −2.799* - I(0)

GDPPC −2.162 −3.359*** I(1)

EPR −1.941 −4.090*** I(1)

Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

TABLE 5 Cointegration test.

Test Statistic (Model-1) Statistic (Model-2)

Kao cointegration test

Modified DF t −5.3388*** −4.1087***

DF t −3.8503*** −3.5916***

ADF t −4.8057*** −4.9346***

Unadjusted modified DF t −5.3181*** −4.9900***

Unadjusted DF t −3.8462*** −3.8129***

Pedroni cointegration test

Modified PP t 2.4069*** 2.8419**

PP t 0.7679 1.4226*

ADF t 0.4317 0.7302

DF is Dickey-Fuller, ADF represents Augmented Dickey-Fuller, and PP reports Phillips-

Perron. Asterisks indicate a statistical significance level of 1% (***), 5% (**), and

10% (*).

in Table 4. The variables such as Domestic government health

expenditures (DGHE), Democratic accountability (DA), and

urban growth (URP) provide significant results at level I(0),

giving the order of integration I(0). At the same time, all other

variables, Household waste (HHW), Bureaucratic quality (BQ),

economic growth (GDPPC), and electricity production from

renewables (EPR), give significant results at integration order

I(1) and reject the hypothesis at the first difference on a 1% level

of significance. The coefficients having a negative sign indicate

the presence of a unit root, i.e., the greater the negative values

specify, the higher will be the unit root.

Cointegration analysis

Detecting unit root among the variables leads us to estimate

the long-run relationships or con-integration analysis. The study

uses Kao Cointegration, and Pedroni Cointegration tests to

assess the association. The analysis consists of mentioned tests

in Table 5, where the null hypothesis of cointegration analysis

exhibits no cointegration among variables. The statistical values

in both model 1 and model 2 demonstrate the existence of

cointegration, rejecting the null hypothesis.

The overall results illustrate that the variable has a

long-run relationship. Bureaucratic Quality and Democratic

Accountability, Economic Growth, Renewable Energy use,

Household waste, and Urban population have a significant long-

run relationship with Government Health expenditures. The

statistical values present themomentous association byModified

Dickey-Fuller, Dickey-Fuller, ADF, Unadjusted modified DF,

Unadjusted DF, and Pedroni Cointegration test.

Long-run results

When linearity and residual normality conditions are not

satisfied, Quantile Regressions are applied to estimate the

relationships among the variables. Tables 6, 7 of the results

section demonstrate the findings from Quantile regressions

with each model graphical representation correspondingly.

Tables 8, 9 show the robustness test outcomes with graphical

analysis, respectively.

The Model 1 results are in Table 6; the bureaucratic

quality is negatively and significantly associated with health

expenditures. The upsurge and improvement in bureaucratic

quality increase the government health expenditures in the

country. The result is consistent with Makuta and O’Hare

(37) that improved quality of bureaucracy reduces improved

health outcomes by increasing expenditures by the government.

Urban population, economic growth, and renewable electricity

production are positively associated with health expenditures

in G6 economies. The findings are consistent with succeeding

studies. A percentage increase in these variables leads to

increased expenditures in the economy. Economic activity

increases pollution and health expenses (16). Globalization

increases the urban population, which positively impacts health

expenditures (28). The impact of renewable energy on health

expenditures is in-line with Sasmaz et al. (21). Because as

the consumption of renewable energy increases, the funds for

health expenses increase by the government eventually used

for development resolutions. Household waste is negatively

associated with health expenditures in G6 economies. The

finding is substantial and in line with (25) that household waste

impact health expenses. The study revealed significant factors

that influence health expenditures. The graphical presentation

of all quantiles from model 1 is presented with MMQRmodel 1.

In model 2, democratic accountability is positively

associated with health expenditures in upper quantiles while

harmful in lower quantiles. The result is consistent somehow

with Liang and Mirelman (34) that the improvement in

governance accountability tends to increase health expenditures

in an economy when the economy is stable.

Frontiers in PublicHealth 08 frontiersin.org

508

https://doi.org/10.3389/fpubh.2022.1005060
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wei et al. 10.3389/fpubh.2022.1005060

TABLE 6 Estimates of quantile regression–MMQR (Model-1).

Variable Location Scale Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

HHW −0.170***

[0.054]

−0.015

[0.032]

−0.158***

[0.057]

−0.171***

[0.054]

−0.187***

[0.066]

−0.200**

[0.086]

BQ −0.156**

[0.063]

0.088**

[0.037]

−0.225***

[0.067]

−0.153**

[0.064]

−0.065

[0.079]

0.010

[0.101]

URP 0.054

[0.054]

0.076**

[0.032]

−0.004

[0.057]

0.057

[0.055]

0.132*

[0.067]

0.198**

[0.087]

GDPPC 0.740***

[0.157]

0.008

[0.094]

0.734***

[0.165]

0.741***

[0.157]

0.749***

[0.193]

0.756***

[0.249]

EPR 0.115***

[0.026]

−0.068***

[0.015]

0.168***

[0.290]

0.112***

[0.028]

0.045

[0.034]

−0.014

[0.043]

Constant −1.208

[1.390]

0.153

[0.831]

−1.326

[1.463]

−1.202

[1.394]

−1.051

[1.711]

−0.919

[2.209]

Graphical Representation of MMQR - Model-1

The dependent variable is DGHE. Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

Similarly, as stated in model 1, a percentage increase in URP,

GDPPC, and EPR variables leads to increased health expenses.

Increasing economic activity increases pollution, which tends to

increase health expenses (16). Globalization increases the urban

population, which positively impacts health expenditures (28).

The impact of renewable energy on health expenditures is in-line

with Sasmaz et al. (21). Because as the consumption of renewable

energy increases, the funds for health expenses increase by the

government eventually used for development resolutions. The

graphical representation of model 2 is presented in MMQR

model 2.

Robustness tests and causality analysis

After the fresh findings in MMQR analysis, the robustness

analysis is applied using Quantile regressions. Economic

growth, household waste, and electricity from renewable

sources depicted significant results in both models 1 and 2.

At the same time, Bureaucratic quality presented negative

and substantial results in upper quantiles. The bureaucratic

accountability depicts negative but insignificant results

in the robustness analysis. The graphical presentation is

illustrated accordingly.
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TABLE 7 Estimates of quantile regression–MMQR (Model-2).

Variable Location Scale Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

HHW −0.143***

[0.047]

0.006

[0.027]

−0.149***

[0.052]

−0.143***

[0.047]

−0.136**

[0.055]

−0.132**

[0.065]

DA −0.026

[0.058]

0.026

[0.033]

−0.048

[0.064]

−0.026

[0.058]

0.001

[0.068]

0.016

[0.080]

URP 0.025

[0.057]

0.067**

[0.032]

−0.029

[0.063]

0.027

[0.058]

0.096

[0.067]

0.135*

[0.079]

GDPPC 0.715***

[0.167]

−0.097

[0.095]

0.795***

[0.184]

0.713***

[0.168]

0.613***

[0.196]

0.557**

[0.230]

EPR 0.111***

[0.024]

−0.063***

[0.013]

0.163***

[0.027]

0.109***

[0.026]

0.045

[0.029]

0.008

[0.035]

Constant −1.068

[1.274]

1.273*

[0.724]

−2.100

[1.400]

−1.033

[1.286]

0.260

[1.493]

0.999

[1.758]

Graphical Representation of MMQR - Model-2

The dependent variable is DGHE. Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*), while the standard error is provided in Brackets.

Lastly, causality analysis is applied to examine the variables’

causal association the results are presented in Table 10. Five

pairs of twelve variables have shown significant results and

rejected the null hypothesis of no causality. Household waste

substantially causes government health expenditures in G6

nations. Bureaucratic quality has a causal association with

government health expenditures. Democratic accountability

significantly causes unidirectional association with health

expenditures. Similarly, economic growth and renewable energy

have a significant causal relationship with health expenditures.

All these pairs have shown a unidirectional association with

government health expenditures.

Empirics discussion

The above section provided the estimated findings from

the econometric analysis for evaluating the role of Household
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TABLE 8 Robustness test—quantile regression – (Model-1).

Variable Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

HHW −0.155** −0.178** −0.140 −0.033

BQ −0.300*** −0.223*** −0.112 0.023

URP −0.028 0.014 0.068 0.070

GDPPC 0.411** 0.805*** 0.654*** 0.549***

EPR 0.236*** 0.154*** 0.084** 0.016

Constant 1.154 −1.792 −0.142 1.015

Graphical Representation of Quantile Regression - Model-1

The dependent variable is DGHE. Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

waste, Governance quality, and Greener Energy for Public

Health expenditures. The descriptive statistics of the research

information presented a non-normal and skewed distribution

which leads to the analysis of Panel Quantile regressions. At first,

the unit root analysis depicted a strong presence of integration.

Then the cointegration analysis portrayed that variables

have long-run associations. The momentous associations are

presented by Kao cointegration and Pedroni cointegration

tests. Then Quantile regressions demonstrated the direction

of associations between dependent and explanatory variables.

The variable under consideration such as Urban growth,

Gross Domestic Product, and electricity from renewable energy

sources showed consistent findings with studies (16, 21, 28).

Moreover, the association of democratic accountability is nearly

in-line with Liang and Mirelman (34) that the improvement in

governance accountability tends to increase health expenditures.

In comparison, the bureaucratic quality has been shown by

some means consistent outcomes with Makuta and O’Hare (37),

revealing that enhanced quality of bureaucracy tends to decrease

health risks by increasing expenditures by the government.

Lastly, the causal association analysis showed a one-way causal

relationship between bureaucratic accountability, democratic

quality, renewable energy, and household waste significantly

impacting health expenditures. The causality analysis is applied

to examine the direction of causal association flowing from

dependent to independent variable or vice versa.

The overall findings demonstrated that the increasing

environmental degradation by harmful pollution from non-

renewable energy consumption leads to increasing health

concerns. Besides, household waste, pollution, and poor

governance quality have also contributed to reducing people’s

health standards. The harmful waste not only sabotages
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TABLE 9 Robustness test—quantile regression – (Model-2).

Variable Quantiles

Q0.25 Q0.50 Q0.75 Q0.90

HHW −0.136* −0.097 −0.079 −0.031

DA −0.048 −0.018 −0.018 −0.074

URP −0.068 −0.044 0.044 0.074

GDPPC 0.507** 0.759*** 0.665*** 0.501**

EPR 0.228*** 0.131*** 0.047 0.032

Constant −0.060 −1.274 0.126 1.575

Graphical Representation of Quantile Regression - Model-2

The dependent variable is DGHE. Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

the environmental quality but also affects public health

by developing harmful or deathly diseases in humans.

These health risks have a substantial and detrimental

impact on government health spending. The government

intervention in the health sector and managing its funds

for improvement in sustainable development must be

focused on for better health of the public. For that reason,

the provision of health facilities is the responsibility of

the government and they are accountable to their people.

Therefore, an effective and efficient democratic regime and

accountability can be resourceful in enhancing health expenses

for the public. Alongside, greener energy is essential for

improving the environmental and health quality of individuals.

Hence, the study adds to the debate on health academics

economically and environmentally by providing substantial

empirical evidence.

Conclusion and policy implications

Utilizing the updated data sample from 1996 to 2020,

the study analyzes the association between governance,

Economic Growth, Electricity from Renewable Energy sources,

Household waste, and Urban population on Government Health

expenditures in G6 countries. It is not entirely astonishing that

the said variables substantially impact health expenditures.

However, deviating from existing studies, the authors utilize

Bureaucratic Quality and Democratic Accountability as proxies

for governance and their influence on government health

expenses in developed economies for the first time concurrently.

Further, the impact of household waste on health expenditures

is also significant in the findings.

The findings of the study are novel and substantial in policy

making. Nevertheless, in the existing literature, a few studies
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TABLE 10 Causality test.

Pairwise granger causality test

Null hypothesis F-statistics Prob

HHW does not granger cause DGHE 2.63764** 0.0374

DGHE does not granger cause HHW 1.61838 0.1742

BQ does not granger cause DGHE 2.54611** 0.0431

DGHE does not granger cause BQ 1.86006 0.1221

DA does not granger cause DGHE 8.87541*** 3.E-06

DGHE does not granger cause DA 0.45768 0.7666

URP does not granger cause DGHE 0.65654 0.6234

DGHE does not granger cause URP 0.39741 0.8102

GDPPC does not granger cause DGHE 4.86567*** 0.0012

DGHE does not granger cause GDPPC 1.04780 0.3857

EPR does not granger cause DGHE 3.37103*** 0.0119

DGHE does not granger cause EPR 0.37891 0.8233

Asterisks indicate a statistical significance level of 1% (***), 5% (**), and 10% (*).

have examined the factors in the health sector. The following

sets of studies are in-line with prevalent literature (16, 21,

25, 28, 34, 37). The government’s involvement in the health

sector spending and investment, and also managing its funds for

improvement in sustainable development, must be focused on

for better public health.

Based on the results, the following are the

policy implications.

The availability of health funds to countries must be

improved because it supports providing fundamental healthcare

facilities to the citizens. The basic fundamentality of health is the

responsibility of the local governments. Therefore, democratic

quality and bureaucratic accountability efficiency are substantial

for health sustainability. Efficient and effective governance is

needed to achieve health targets, and efficient strategies are

required to be implemented for better health sustainability.

To secure the world from global health challenges, the

Group of Seven economies must come forward to ensure

health sustainability. These countries have a substantial role

in revamping strategies by making an example for other

countries worldwide. The G6 members must consolidate to

organize R&D for healthcare improvement, increase health

investment, and fund vulnerable economies. The developed

economies have a major role in shaping global policies for

sustainability. Supplementary, they have acquired relevant

policies and accountability practices, tackling countless health

crises and commitments to encouraging sustainability. Lately

they joined global submit to mitigate health concerns to fortify

strategies for health tragedies (5, 6).

These G6 developed economies must invest in green

innovation for a cleaner environment. The countries must

encourage the healthcare systems and healthcare workforce.

Consequently, the study has significantly examined the role

of governance and clean energy on developed nations’ public

health to provide outcomes that are considered in evaluating

policies for mitigating health challenges.

Better waste management is needed for vulnerable

areas because it deteriorates health and environmental

quality. In addition, it strengthens the disease response

preparedness for future purposes. Therefore, the five R’s of

waste management is an essential step toward improving

health and environmental sustainability. Recycle, refuse,

reduce, repurpose and reuse the waste which is cost-

effective and environmentally feasible. These will aid in

minimizing household waste generation. Additionally,

proper roles and responsibilities besides the policies of

each activity in the waste management chain must be

strategized and re-vamped under Global Environmental

Protection Act.

Limitations and recommendations

Despite the importance of research, the study can

be replicated in other countries with more available

data because the study is limited to G6 economies due

to data restrictions. Future researchers can also expand

the research by including similar or assessing other

governance variables on public health-reflecting variables

such as institutional quality, financial inclusion, child

and adult mortality rates, education expenditures, R&D

development, etc.
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There are numerous factors that a�ect human health. Among others,

environmental degradation, bad governance, and extensive economic growth

are regarded as more destructive for health-related issues. To explore the

nexus of the said factors and extend the scholarly literature, the current

study aims to analyze the influence of greenhouse gas (GHG) emissions,

governance indicators, and gross domestic product (GDP) on human health

expenditures—captured by domestic health expenditures and capital health

expenditures. Specifically, this study contrasted variables including regulatory

quality (RQ), rule of law (RL), GDP, GHG emissions, and human capital (HC)

with that of human health expenditure. Covering the period from 1996

to 2020, this study uses time series specifications in the case of China,

which is one of the largest pollution-emitting economies across the globe.

The empirical results found that the long-run equilibrium relationship exists

between the variables. For the long-run coe�cients, this study utilizes the fully

modified ordinary least square, dynamic ordinary least square, and canonical

cointegration regression, suggesting that economic development and RQ are

adversely a�ecting human health expenditure. However, GHG emissions, RQ,

and HC significantly improve human health by increasing health expenditure

in China. Based on the empirical results, policies are suggested regarding

human health improvement, improved governance quality, and environmental

sustainability. The study discusses the empirical conclusions and implications

as per COP26 declarations.

KEYWORDS

human health, governance, environmental quality, greenhouse gas, regulatory

quality, human capital
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Introduction

Health is necessary and adequate for economic

development. A healthy individual has a substantial role

in economic progress (1) suggested that investing in the

health sector increases economic growth and development

in the country. Expenditures on health are a necessity not

a luxury for any nation. Health expenses are considered an

investment in human capital (HC) that significantly play role in

economic growth (2). Healthcare expenditures whether public

or private significantly contribute to the enhancement of health

outcomes (3). The increasing global temperatures have also

catastrophic impacts on the health of the people, which can

only be accomplished when bigger countries like China step

forward to mitigate these emissions. The healthcare community

must play a significant role in mitigating greenhouse gas

(GHG) emissions. According to the COP 26 Health program,

international health organizations have established programs

for the protection of people’s health and planet earth. The

initiative includes building resilient and sustainable healthcare

systems. In the Conference of Paris 26, the discussion on health

was the principal concern of many nations (4). Almost fifty

countries around the world have sworn in COP 26 to expurgate

healthcare emissions, which have a noteworthy role in overall

disastrous GHG emissions. The increasing catastrophic

emissions harm the human body causing inflammation, bone

and kidney concerns, etc. The healthcare system in China

has experienced some fundamental changes utilizing both

public and private health and insurance programs. In China,

almost 95% of the population has the least coverage of health

insurance. For that reason, China has been ranked 144th in

the world by the World Health Organization (WHO). With

the largest population and highest gross domestic product

(GDP) among developed economies, China has a relatively

lesser number of doctors available, that is, one for thousand

individuals (5).

The relationship between health expenses and economic

growth is generally considered positive, but the connection is

still a broadly discussed topic around the world. Attributable to

(6), the determinants of health expenditure increase are macro

and environmental variables or health policy variables. The rise

in economic growth is essential for a lesser number of health

outcomes. The improved health facilities have lesser health

issues that can be achieved by increasing health expenses by

local governments. Increasing the expenses for health negatively

affects the health cases. Moreover, the food we eat, educational

awareness, and lifestyle determine the quality and extent of

someone’s life (7). The health and economic growth causal

association are helpful for several health policymakers for

sustainable development of the country (8). The increase in

income levels of people enhances their lifestyle and increases

the welfare of the country. Nevertheless, the association is still

ambiguous in some countries and also the condition is critical

in China; there are still vulnerable groups due to the generalized

system of preference (9).

The increasing environmental pollution has also

deteriorated health outcomes. Health is affected by economic,

social, and environmental factors. The deteriorating

environment significantly affects people with increasing

illnesses and diseases. The increasing carbon emissions cause air

pollution, toxic chemical exposures, and noise pollution, which

led to chronic respiratory and heart diseases in humans. These

diseases have severe consequences, which affect later throughout

life. The prevailing literature documents the substantial impact

of carbon and GHG emissions on health expenditures (10, 11)

also analyzed the association between health expenditure

and carbon footprints in the United States of America (12)

determined a significant relationship between health expenses

and carbon emissions. In general, carbon emissions and

health expenses are substantially linked with each other (13)

recommended that ineffective budget allocation to healthcare

momentously influences capital health expenditure (CHE).

However, the deepened efforts can help achieve universal health

coverage for enhancement of the health of individuals and

policy regulations (14) expressed those regulatory institutions

with effective implementations could be advantageous for the

health of individuals.

The previous studies explored the association between

economic growth, GHG emissions, and HC with health

expenditures. In the prevalent literature, the studies usually

exploited health expenditures as the independent variable to

assess the economic growth of the country or carbon emissions

as dependent variables or vice versa (8, 15–18). Therefore,

the present study scrutinizes the role of economic growth,

environmental emissions, and HC on two kinds of health

expenditures in the case of China, a valuable input in the existing

literature. Furthermore, the study is motivated due to poor

healthcare systems in China, the country aims to advance the

health systems besides making commitments to COP26 health

programs. Hence, the study is inspired to assess the linkage in the

case of China because the findings directly or indirectly influence

health expenses and might be valuable in health policymaking.

The study has the following objectives. First, it aims to assess

the influence of GDP, GHG emissions, regulatory quality (RQ),

RL, and HC on the domestic government health expenditures

(DGHEs) in the case of China. The second objective is to

assess the impact of GDP, GHG emissions, RQ, RL, and HC on

CHEs, a new input. To accomplish these objectives, the authors

employed novel variables in two models as presented in Section

3. The study has employed novel variables such as RQ, RL,

domestic health expenditures (DHEs), and CHEs to examine the

aforementioned association in two models (1 and 2).

The study is significant in investigating the impact of

economic growth, GHG emissions, RQ, RL, and HC on

two different kinds of health expenditures. The increasing

environmental emissions have deteriorated the health of people
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around the world. Hence, the study is substantial in the

assessment of the said connection. The empirical findings of

the present study would be significant in relevant policymaking

or overhauling of the existent health policies. China is one of

the biggest GHG emitters in the world; therefore, the present

study and its outcomes could play important role in mitigating

emissions and attaining a sustainable environment.

The study contributes to the literature in the following ways.

First, the study is a pioneer in investigating the role of RQ and

RL on health expenditures in the case of China. Attributable

to increasing health and insurance concerns in the country,

efficient use of institutions and regulations are beneficial in

combating health apprehensions, specifically those that occur of

increasing climate concerns. Second, the study utilizes the two

kinds of health expenditures as dependent variables with two

different specifications. The first is DGHEs which are typically

operated by the government, and the second is CHEs or referred

to as capital investments for healthcare/health. The analysis of

these two innovative variables with other explanatory variables

is a new and novel contribution that has not been explored

before in any country. Third, the study contributes to the

empirical literature by assessing the long-run causal relationship

in the case of China from the period 1996 to 2020. The

study employs cointegration analysis, the method of long-run

estimates, quantile regressions, and pairwise Granger causality

techniques for scrutinizing the linkage, which is a pioneering

contribution to the prevailing literature.

The rest of the manuscript is organized as follows:

Section 2 documents the literature about the variables under

consideration. Section 3 deals with the data, model, and

methodology of the research. Section 4 is about the results and

discussions on the estimated results with interpretation. Lastly,

Section 5 elaborates on the conclusion of the study.

Literature review

The review of literature documents studies related to novel

variables. The association between some novel variables has not

been focused on before such as capital health investments, RQ,

and RL, though this segment sheds some light on the linkage and

empirical evidence of the variables prevailing in the literature.

Health is an essential and fundamental objective of a country

(19) examined the effects of RL on health outcomes in data

set of 96 countries. The empirical results demonstrated that

sticking to the RL has a positive impact on health outcomes

(3) observed that public and private health expenditures

significantly contribute to the enhancement of health outcomes.

Several studies have examined the impact and determinants

of health disasters and health expenditure on economic

growth and carbon emissions. For instance, (20) observed that

economic growth, health expenditure, and HC significantly

influence the outcomes of health. However, quite a few

studies elaborated the influence and association between

economic growth and carbon emissions’ influence on health

expenditures. However, some of them examined the causal

association between GDP and health expenses (21) examined

the positive relationship between GDP and health expenses.

The increase in GDP increases the expenditures on health

(22) scrutinized the panel causality analysis and depicted

a bidirectional causal association between economic growth

and health expenditures from GDP to health expenses and

vice versa (8) explored the unidirectional association between

healthcare expenditures toward economic growth in some

nations such as Portugal, Korea, Ireland, and India because

health expenses in these nations do not enough contribute

to economic development. Hence, the role of expenses varies

from country to country. However, some countries have

represented bidirectional causality and unidirectional causality

flowing from health expense to economic growth between the

said variables (18) examined that health expenses significantly

contribute to economic growth (Canada, Iceland, Norway, and

Belgium) (23) also explained that maximum variation in health

expenses occurs to changes in economic growth. (16) showed

a causal association between health investment and the GDP

of the economy. However, the existence of reverse causality

exposed from GDP to health investment expenses affected the

empirical findings.

Apergis et al. (15) explored the healthcare expenses on

carbon emissions in the case of the United States from

1996 to 2009. The empirical findings demonstrated that

carbon emissions have a stronger impact on health expenses,

which led to an increase in health expenses (24) examined

the health expenses and environmental emissions (carbon

monoxide, sulfur oxide, etc.). The outcomes showed a positive

and significant impact of emissions on health expenses in

both periods (short and long runs) (11) also analyzed the

association between health expenditure and carbon footprints

in the USA. The cointegration results depicted a positive

association between the said variables with unidirectional

causality (25) examined significant associations (26) scrutinized

the positive and bidirectional causal relationship between

health expenditures and carbon emissions (27) analyzed the

bidirectional causal relationship in the BRICS economies (17)

depicted that increasing energy usage increases healthcare

investments that led to higher emissions (28) determined the

correlation between health expenditure and carbon dioxide

emissions (29) observed a bidirectional association between

healthcare expenses and carbon emissions.

A proper effective approach to regulation substantially

impacts health expenditures (30, 31) suggested that various

kinds of policies and regulations can help attain health

expenditures. (13) suggested that inefficient budget allocation

to healthcare has a significant impact on CHE. However,

intensified efforts can help achieve universal health coverage

for better health outcomes and regulations (14) expressed that
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regulatory institutions have a substantial impact on the health

of individuals (32) demonstrated in the results that command

and policy tools do not have enough significant associations

with health outcomes as economic incentive policies (33)

observed the influence of regulatory authority on ease of

business (34) explored the influence of RL on the efficiency

of microfinance. Likewise (35), examined the role of RL in

capital market development (36) analyzed the behavior of RL

on foreign investments and determined a positive association

between them (37) examined the variable RL and suggested

that sticking to the RL aids in mitigating carbon emissions (38)

explained that the role of integrated policies and institutions

has a significant impact on health expenditures (39) observed

the RL principle’s substantial influence on the expenses of

health (40) examined the influence of institutional quality on

the economic development of the country. The more effective

quality of the institution is proportional to economic progress

and health expenditures. The government must improve the

institutions for better economic and health outcomes in the

upcoming future (41) explored that improved institutional

quality significantly enhances health outcomes by reducing

mortality rates and increasing life expectancy and endorsing

economic development. Azam et al. (42) examined the role of

institutional quality in the process of sustainable development.

The findings demonstrated a positive and constructive impact

of institutional quality on sustainable development in different

countries (43) examined the institutional quality variable on

environmental pollution; however, the results depicted no

impact on economic growth (44) determined a significant

association between RL and economic performance and bank

credit (45) represented that enhancing the quality of institutions

has a substantial impact on eliminating carbon emissions.

Azam et al. (42) scrutinized the role of institutional quality

on environmental indicators. The findings indicated that there

exists a constructive association between them.

Health is one of the components of HC that are prerequisites

for economic development (46) quality of health is substantially

essential and positive for productivity and economic progress

(47) demonstrated in the findings that improvement in health

expenditures significantly enhances the HC of the country

(48) investigated HC in improving substantial impact on

productivity and growth (49) observed that HC directly or

indirectly affects the economic growth of the country (50) also

examined the association between HC, economic growth, and

health expenditures in the case of developing economies. The

results depicted that health expenses and economic growth are

substantially associated with HC. The overall general findings

show that when HC is at high levels, the economic growth and

health expenses significantly rise positively (51) demonstrated

the importance of HC in the economic development of the

country. Increasing the social capabilities enhances the social

capabilities of economic growth (52) analyzed that health

expenses and education have significant importance in the

quality of HC (53) examined the effect of human health on the

growth of the economy.

Data and methodology

Data and model construction

Following the study’s objectives and previously mentioned

literature, this study uses two dependent variables that

indicate human health, specifically, the domestic general

government health expenditure (DGHE measured as % of

general government expenditure) and CHE (measured as %

of GDP). In addition, the objectives of this study are to

explore the influence of environmental degradation—captured

by GHG(kt of carbon equivalent) emissions, and economic

development—captured by GDP constant (US$ 2015 prices) on

the dependent variables. Furthermore, this study also added RQ,

RL, and HC) as control variables. Data for all these variables are

collected from multiple sources including World Bank (2022)

database. In this regard, World Development indicators provide

the data on health expenditures and GHG emissions, whereas

World Governance indicators provide the data for governance

indicators. We employ the data from 1996 to 2020 for the case of

China. Since China is recently dealing with the novel COVID-19

pandemic disease, it is crucial to analyze the specific association

in the said country. Following (20), this study constructs the

following two models:

DHEt = α1 + β1GDPt + β2GHGt + β3RQt +

β4RLt + β5HCt + εt (1)

CHEt = α1 + β1GDPt + β2GHGt + β3RQt +

β4RLt + β5HCt + εt (2)

The models reveal the intercepts and slopes via α’s and β ’s,

respectively. In addition, the subscript “t” indicates time series,

and ε reports the random error term of the model.

Estimation strategy

Nonetheless, there are numerous time series econometric

approaches in existence that have been used in the literature.

For instance, the literature uses quantile regression (20),

Toda and Yamamoto causality test (22), Granger causality (8),

error correction model (18), least square dummy variable and

two-stage least square (16), among others. However, all the

mentionedmethods are selected based on the data specifications.

Following the study of (3), this study also utilizes the fully

modified ordinary least square (FMOLS), dynamic ordinary
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least square (DOLS), and canonical cointegration regression

(CCR) approaches. In these approaches, the DOLS is regarded

as a parametric approach, which is efficient when the number

of parameter is finite. Furthermore, the FMOLS is a non-

parametric approach, which is unlike linear regression, agnostic

about the functional relationship between the outcome and the

variables and, as a result, is immune to spurious regression

error. Since the time series variables are mostly following the

non-linear path of distribution, this study also intended to use

quantile regression as a robustness test and is considered more

effective and powerful in dealing the non-linear data.

Initially, this study evaluates the descriptive statistics

including the mean, median, and range values. The range values

constitute the minimum and the maximum values of the time

series. Furthermore, this study also analyzes the SD of the

variables, which generally refers to identifying volatility in the

time series variable. All these specifications present the data

in summarized form. Apart from the said specifications, this

study scrutinizes the skewness and Kurtosis for data normality.

To comprehensively analyze the distribution of time series, this

study utilizes the (54) normality test, which considers skewness

and excess Kurtosis simultaneously and presents statistical

values. The said test proposes that the time series is normally

distributed—considering the zero value of both the parameters.

The statistical results of the said approach could be obtained

as follows:

JB =
N

6

(

S 2 +
(K − 3)2

4

)

(3)

Once the descriptive statistics are obtained, this study tends

to identify the stationarity of the variables. Unlike the traditional

unit root tests that examine only the unit root presence of

the variables, such as the conventional Augmented Dickey–

Fuller (ADF) and Phillip–Perron (PP) unit root tests, this test

utilizes the breakpoint unit root test. As the former tests lack

the property of indicating the structural break in time series,

this test has more power in dealing with and identifying the

structural break existing in the variable. The breakpoint unit root

test assumes the presence of a unit root, yet the higher statistical

values than the critical values could lead to the rejection of the

null hypothesis. Since the stationarity of the variables is evident

by the earlier unit root estimator. Therefore, it is important

to examine the long-run equilibrium relationship between

the variables. In this regard, this study utilizes the Johansen

cointegration test. The Johansen test determines whether the

time series variables are cointegrated. In particular, it evaluates

the validity of a cointegrating connection using the maximum

likelihood estimates. It is often used to determine the number of

linkages and as an instrument to estimate such connections (55).

Using the Johansen cointegration test, the long-term

correlation between variables was established. This allows the

study to assess the impacts of each regressor, namely GDP, RQ,

CRC, RL, and HC, on China’s DGHE and CHE, respectively.

Therefore, we need to utilize estimators that are impartial and

appropriate. In this regard, as indicated by (56), this study also

uses three long-term estimating approaches. Specifically, these

approaches include the DOLS developed by (57), the FMOLS,

and CCR proposed by (58). The earlier two estimators are two

different approaches as one (FMOLS) is non-parametric, and

the other one (DOLS) is a parametric approach. Since these

estimators are more competent at addressing the endogeneity

and serial correlation issues, their long-run predictions are

reliable. In addition, the DOLS operator predicts the time series

accurately since it handles the problem of non-stationarity.

Both the FMOLS and DOLS are stated in the form of the

following equation:

∅̂ =
[

α

β̂

]

=

(

∑T

t=2
Zt

′

Zt

)−1 (
∑T

t=2
Zty

+
t − T

[

θ̂+′
12
0

])

(4)

From the above Equation (4), the FMOLS estimates could

be obtained by utilizing Zt =

′
(

′

Xt ,
′

Dt

)

. In utilizing

the specification of FMOLS, the long-run covariance matrix

is critical.

yt =
′

Xtβ +
′

D1tγ1 +
∑r

j=−q
1

′

Xt+jσ + v1t (5)

The equation above asserted the standard form of DOLS that

further includes the cointegration regression by considering the

leads and lags 1
´
Xt as a result of the orthogonal error term. This

approach reveals that by the combination of q lags and r leads

of various coefficients of regression, the long-term association

could be detected between e1t and e2t .

As mentioned earlier, the CCR estimation method is purely

dependent on regression analysis. Nonetheless, this technique

is cost-effective and crucial for eliminating the components of

linear regression (59). Consequently, determining correct leads

and lags, order is one of the greatest challenges for the approach

under consideration. Generally, the CCR estimation techniques

may be stated in the form of the following equation:

y∗t =
´
βpqz

∗
pqt + µ∗

pqt (6)

where the equation reveals the stationary transformation of

both yt and zpqt , respectively.

Although the above-mentioned specifications provide

efficient inferences, still this study uses the quantile regression

as a robustness test developed by (60). Since the variables

under consideration follow an irregular path of distribution,

this motivates the study to employ quantile regression as

a robustness test, which is considered efficient in tackling
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FIGURE 1

Graphical representation of structural breaks.

FIGURE 2

Graphical representation of structural breaks.
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TABLE 1 Descriptive statistics and normality results.

CHE GDP GHG RQ1 RL HC DGHE

Mean 0.371839 29.42606 15.91112 −0.262121 −0.442602 2.452907 7.671065

Median 0.338371 29.49678 16.01358 −0.248595 −0.482175 2.426106 7.971632

Maximum 1.064045 30.31422 16.37706 −0.080802 −0.059589 2.748987 9.626539

Minimum 0.010453 28.35354 15.27530 −0.770984 −1.034523 1.680717 3.714841

Std. Dev. 0.254018 0.637011 0.405781 0.100889 0.143371 0.170842 1.591712

Skewness 0.573370 −0.168651 −0.421724 −1.627691 0.235018 −0.673568 −0.697719

Kurtosis 2.826977 1.643562 1.568857 8.465884 5.600321 5.613638 2.249255

Jarque–Bera 5.603959 8.140402 11.49823 168.6392 29.09418 36.02448 10.46194

Probability 0.060690 0.017074 0.003186 0.000000 0.000000 0.000000 0.005348

TABLE 2 Breakpoint unit root test.

Variables Augmented dickey–fuller statistics

I(0) Structural break I(1) Structural break

CHE −0.419340 2018Q1 −4.638357*** 2018Q1

DGHE −4.324422* 2001Q1 −6.622531*** 2013Q1

GDP −1.834069 2019Q1 −5.373727*** 2005Q2

GHG −4.263341* 2002Q1 −3.172537 2011Q1

RQ −3.214591 2002Q1 −6.242890*** 2002Q1

RL −2.454108 2015Q3 −5.583900*** 2020Q3

HC −3.901070 2010Q1 −4.606927** 2020Q1

* ,** and *** reports 10%, 5%, and 1% significance level.

abnormal data. In this study, the empirical statistics are

obtained for four quantiles, i.e., 0.25, 0.50, 0.75, and 0.90. The

general equation form of the said approach is given below for

both Model 1 and Model 2, respectively.

QDHEit (θ |αi,ϕt ,Xit) = αi + ϕt + ϕ1,θGDPit + ϕ2,θGHGit +

ϕ3,θRQit + ϕ4,θRLit + ϕ5,θHCit + εit (7)

QCHEit (θ |αi,ϕt ,Xit) = αi + ϕt + ϕ1,θGDPit +

ϕ2,θGHGit + ϕ3,θRQit + ϕ4,θRLit + ϕ5,θHCit + εit (8)

As discussed earlier, the specific quantile (i.e., 0.25, 0.50,

0.75, or 0.90) is depicted by θ in the subscript for each

explanatory variable.

Since the FMOLS, DOLS, CCR, and the quantile regression

lack the assessment of the causal connection between the

variables. Therefore, this study employs the pairwise (61)

causality estimator. This test is efficient as it provides reliable

estimates irrespective of the variable’s integration, whether at

level or the first difference. The pairwise Granger causality test

proposed that there is no causal relationship exists between

the variables.

Results and discussions

Results

The results, their interpretations, and discussions are

mentioned in this segment of the article. The descriptive

statistics, the unit root test results with structural breaks and

their graphical representation in Figures 1, 2 for both models (1

and 2), the long-run estimates from DOLS, FMOLS, and CCR

(Models 1 and 2), and the quantile regressions to determine the

robustness of bothmodels besides the pairwise Granger causality

outcomes are presented in this section.

Descriptive statistics

The mean and median values of the variables under study

are nearly similar as presented in Table 1. The average values

depict the balancing point of the data. The data spread from

the average values are represented by values of SD. Skewness

and Kurtosis document the data precision and symmetry. The

values of skewness lie between +2 and −2 demonstrating the

range of skewed distribution. The negative values show the

presence of negative skewness. The values of Kurtosis in Table 1

lie between +7 and −7, except for RQ showing the peak of
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TABLE 3 Cointegration test.

Johansen cointegration test

Hypothesized No. of CE(s) Eigen value (Model−1) Eigen value (Model 2)

None * 0.511502*** 0.477760***

At most 1 * 0.294268** 0.347023***

At most 2 0.252125* 0.263131*

At most 3 0.165668 0.170330

At most 4 0.106401 0.098774

At most 5 0.053037 0.052826

* ,** and *** reports 10%, 5%, and 1% significance level.

the distribution. The Jarque–Bera results are also significantly

mentioned in Table 1.

Unit root test with structural breaks

The outcomes of the breakpoint unit root test are

demonstrated in Table 2. All variables are insignificant at levels

except DGHEs and GHG emissions. The structural break at the

level occurs in Q1 of different years, whereas the structural break

for RL appears in Q3 of 2015. At the first difference, the values

are significant at 1% and 5% of the level of significance, except

for GHG emissions. The negative values of the unit root depict

the stronger presence of the unit root in the variable. The greater

the negative value, the greater will be the unit root. The graphical

presentation of structural breaks of each variable with respective

years at level or first difference is presented in Figures 1, 2 The

structural breaks report the abrupt changes that occur with time.

Cointegration tests

The cointegration tests depict the correlation among the

variables. The study applies the Johansen cointegration test. The

Johansen test is applied after the series are determined stationary

at the first difference and indicates the long-run associations of

the variables. The findings of the test are presented in Table 3.

The asterisk signs on the values indicate the rejection of the

null hypothesis. The null hypothesis of the maximum eigenvalue

(scalar) of no integration is rejected at a 5% level of significance

in both models (1 and 2). The overall results depict the long-run

associations of the study variables.

Long-Run estimates

After the validation of the existence of a long-run

relationship, the long-run estimates are analyzed in Tables 4,

5. The estimates are measured with DOLS, FMOLS, and CCR

tests that assess the long-run relationship of the variables

under consideration.

Table 4 shows significant values in all three tests for all

variables with Model 1. For instance, GDP is significantly

associated with DHEs in the long run. The coefficient of GDP

indicates that a significant decrease in GDP increases DHEs.

The positive value of the coefficient of GHG emissions indicates

that increasing emissions significantly increase DHEs. RL is

negatively associated with health expenses in the case of China,

that is, increasing the stickiness of law has negative consequences

on the health expenditures of the country. HC and RL has also

a positive association with health expenditures in the long run.

The increase in HC significantly increases the health expense of

the country.

In Model 2, all variables are significantly associated with

CHEs, except the RQ as shown in Table 5. RQ is positive but

insignificantly related to CHEs in contrast with Model 1. GDP,

GHG emissions, RL, and HC are significant for CHEs. Similarly,

these variables are associated with DHEs, as depicted in the

DOLS, FMOLS, and CCR tests of long-run estimates.

Test for robustness

After long-run estimates, a robustness test of quantile

regressions is applied for the reliability of the model. It is

also called an outlier-resistant model. Conventional linear

regressions are affected by extreme values, whereas quantile

regressions are less affected by extreme values. The quantile

regressions analyze quarterly deflator accede to the robustness

property. They are applied because conventional tests might

not give correct results. It provides a predicted coefficient at

specific quantiles. The empirical results of quantile regressions

are displayed in Table 6 for Model 1 and Table 7 for Model 2.

The robustness test is also referred to as the goodness-of-fit test

that determines the reliability of the data.

The majority of the quantiles of study variables are

significant at a 10% level of significance, except for the RL,

which is negative and insignificantly associated with DHEs as

mentioned in Model 1. For CHEs, variables in the first (Q 0.25)

and fourth quantiles (Q 0.90) are significantly associated with

CHE, except RL. In general, the findings depicted the robustness

of the model leading to examining the causal association among

the variables under study.

Causality test

The causality analysis is employed to determine the causal

relation of the long-run estimate variables. The quantile

regressions could not provide causal associations; therefore,

the Granger causality analysis is applied. In this study, the

pairwise Granger causality test is utilized, and the results

are portrayed in Table 8. The Granger tests reveal that some

variable pairs are significant and causally associated. Out of

20 sets of variable pairs, only 11 pairs are bidirectionally or

unidirectionally causally related. These are GDP 6= DGHE,
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TABLE 4 Long–run estimates (Model 1).

Variable FMOLS Std. error DOLS Std. error CCR Std. error

GDP −5.757*** 0.401 −6.337*** 0.325 −5.786*** 0.388

GHG 10.117*** 0.807 11.135*** 0.662 10.851*** 0.745

RQ −3.143*** 0.806 −3.730*** 0.670 −2.729*** 0.773

RL 1.454* 0.758 3.450*** 1.074 3.249*** 0.564

HC 6.595*** 1.074 6.600*** 0.894 2.568*** 0.556

Adj. R2 0.965 0.981 0.921

*, ** and *** reports 10%, 5%, and 1% significance level.

TABLE 5 Long–run estimates (Model 2).

Variable FMOLS Std. error DOLS Std. error CCR Std. error

GDP −0.323*** 0.051 −0.355*** 0.039 −0.955*** −4.036

GHG 0.369*** 0.103 0.455*** 0.081 1.036*** 4.078

RQ 0.136 0.104 0.090 0.091 −0.126 −1.199

RL 0.444*** 0.099 0.404*** 0.105 0.663*** 5.757

HC 1.731*** 0.125 1.587*** 0.108 2.580*** 7.358

Adj. R2 0.976026 0.989 0.979

*, ** and *** reports 10%, 5%, and 1% significance level.

TABLE 6 Robustness test for Model 1.

Quantile regression

Variable Q0.25 Q0.50 Q0.75 Q0.90

GDP −2.755*** −3.190*** −2.415 −1.284

GHG 6.710*** 7.077*** 6.233** 5.264***

RQ −2.027*** −1.860*** −2.440*** −2.560***

RL −1.375 −1.319 −0.744 −1.147

HC 5.570*** 5.982*** 4.063 2.013

C −33.006*** −26.79*** −31.143 −44.103**

Dependent variable is DGHE. *, ** and *** reports 10%, 5%, and 1% significance level.

TABLE 7 Robustness test for Model 2.

Quantile regression

Variable Q0.25 Q0.50 Q0.75 Q0.90

GDP 0.633*** −0.519 0.781 1.820***

GHG −0.380*** 0.640 −0.834 −2.110***

RQ −0.187 −0.108 0.526 0.872***

RL 0.294* 0.550** 0.180 −0.184

HC −0.254*** 1.749 0.125 −0.651***

C −11.568*** 1.370 −9.413 −17.772***

Dependent variable is CHE. * , ** and *** reports 10%, 5%, and 1% significance level.
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TABLE 8 Causality test.

Pairwise granger causality test

GDP 6= DGHE 3.40583** 0.0374

DGHE 6= GDP 6.70085*** 0.0019

GHG 6= DGHE 2.13329 0.1242

DGHE 6= GHG 0.59394 0.5542

RQ 6= DGHE 10.3500*** 9.E−05

DGHE 6= RQ 2.50615* 0.0871

RL 6= DGHE 9.74690*** 0.0001

DGHE 6= RL 3.38316** 0.0382

HC 6= DGHE 11.2743*** 4.E−05

DGHE 6= HC 0.41778 0.6597

GDP 6= CHE 1.73835 0.1815

CHE 6= GDP 2.70115* 0.0724

GHG 6= CHE 1.20912 0.3031

CHE 6= GHG 0.42091 0.6577

RQ 6= CHE 0.36462 0.6955

CHE 6= RQ 4.98557*** 0.0088

RL 6= CHE 3.35805** 0.0391

CHE 6= RL 2.26887 0.1091

HC 6= CHE 1.48947 0.2308

CHE 6= HC 2.50332* 0.0873

Dependent variable is CHE. *, ** and *** reports 10%, 5%, and 1% significance level.

DGHE 6= GDP, RQ 6= DGHE, DGHE 6= RQ, RL 6= DGHE,

DGHE 6= RL, HC 6= DGHE, CHE 6= GDP, CHE 6= RQ, RL 6=
CHE, and CHE 6= HC.

Among these, GDP, RQ, and RL are bidirectionally

associated with DHEs, whereas HC is unidirectionally associated

with DHEs and CHEs running from HC to DHEs and CHEs to

HC. GDP is also unidirectionally associated with CHEs flowing

from CHEs toward GDP. Lastly, RL and RQ are significant with

one-way directional associated with CHEs running from RL to

CHEs and CHEs to RQ, respectively. The asterisks represent the

significant values in the table. The general findings show that

GDP, RQ, RL, and HC are significant with causal associations

in the case of DHEs and CHEs. However, GHG emissions have

insignificant causal associations in both models (1 and 2).

Discussion

Evaluating the variables with descriptive statistics, the

study employs unit root estimation with structural breaks.

Determining the stationarity and unit root among the variables,

Johansen tests were applied for examining the long-run

relationships. Later, DOLS, FMOLS, and CCR tests were

employed for scrutinizing the long-run guesstimates; then,

quantile regressions as the goodness-of-fit test were utilized for

reliable results. In the end, the causality analysis was held using

the pairwise Granger causality tests for finding the causal linkage

among the variable pairs under consideration.

Due to the inclusion of novel variables in the study, there

was zero to no exact empirical evidence. However, the findings

of the current study seem to be consistent with limited studies.

The causality results of GDP are bidirectionally associated with

DHEs and are consistent with the findings of (22, 50) stated

that health and HC are significantly associated, which is in

line with the present findings. The remaining pairs and their

associations are novel to the available literature. The findings of

the present research are also novel and innovative for economists

and environmentalists. The GHG emissions have no such causal

association with health expenses (DGHE and CHE). However,

the coefficient of greenhouse shows a positive connection with

health expenditures consistent with the outcomes (26). The

positive associations between HC and health expenditure in

the long-run estimation results are in line with those of (47).

Although the rest is attributable to the novelty of the variables,

there is no such study associated with the present findings that

explain the causal and long-run relationships.

The study findings might be useful in revamping healthcare

policies in China. As China is suffering from a healthcare

crisis due to budget shortfalls and corruption in healthcare

systems, increasing economic growth is important for health

expenditures whether it is domestic or capital, and it is beneficial

for the betterment of the systems. Furthermore, the RL, HC, and

RQ of the institutions play a substantial part if efficiently utilized

in enhancing health outcomes. These directly or indirectly

influence health expenses, which are essential for overhauling

the healthcare systems.

Conclusion and policy implications

The study is noteworthy in examining the role of economic

growth, GHG emissions, RQ, RL, and HC on two different

kinds of health expenditures. The study has employed novel

variables for the assessment of the aforesaid relationship.

The increasing environmental emissions have impacted the

health of people around the world. Therefore, the study is

novel in scrutinizing human health, environmental quality, and

economic development. The findings of the current study seem

to be consistent with a few studies. GDP is two-way directionally

related to DHEs, which are consistent with (22). Health and

HC are significantly correlated (50). The coefficient of GHG is

positively associated with health expenditures (26). However,

there is no causal association found betweenGHG emissions and

health expenditures (CHE and DHE). The positive associations

between HC and health expenditure in the long-run estimation

results are in line with those of 45. The remaining pairs with

CHEs, RL, and RQ are novel to the existing literature. Therefore,

there is scant empirical literature available. The discoveries of the

present research are also novel and innovative for economists
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and environmentalists who describe the causal and long-run

relationships. Furthermore, the empirical findings of the study

would be significant in relevant policymaking or overhauling

of the existent health policies. China is one of the biggest

GHG emitters in the world; therefore, the present study and its

outcomes could play important role in mitigating emissions and

attaining a sustainable environment.

Policy implications

Health is a public good. Government must take initiative

on increasing health expenditures along with the adoption

of renewed policies and overhauling the institutions for

better health of the people. To advance the excellence of

national health, the government needs to increase research

and development in medical areas. The provision of basic

health facilities along with subsidized insurance policies is the

need of the hour and it must be provided. The improvement

in government health expenses significantly reduces health

outcomes. Providing basic health necessities and subsidies is

also beneficial in limiting health issues in people. China must

pay attention to environmental policies and adopt certain

methods to mitigate harmful GHG emissions. Being the biggest

emitter of carbon and GHG emissions, the country needs to

adopt and implement certain policies for greener and cleaner

energy. Furthermore, increasing the land with green vegetation

and plants aids in reducing emissions by absorbing carbon

dioxide. It is already suffering from a healthcare emergency due

to budget deficits and bribery in healthcare systems. Hence,

revamping and restructuring health policies are recommended.

The increasing economic growth substantially affects health

expenditures whether it is domestic or capital. Sustainable

growth and RQ of the institutions are beneficial for the

betterment of the healthcare systems. Furthermore, RL is a

determinant of health. It has a significant role in health

outcomes. Better laws are required for the apportionment

of health expenditures for better health outcomes. Besides,

there is a need for sustainable urban planning, enhanced and

advanced health infrastructure, and capital health investments

are essential for sustainable growth economically. COP 26 health

program initiative is beneficial in eliminating emissions. It has

accepted the global warming pact of preventing fossil fuel usage

to improve the climate in the 2020s, China must work on these

policies and their effective and immediate implementations.

Limitations and future study
recommendations

The study is limited to the case of China. However, for

future purposes, the debate can be extended to other developed

countries for in-depth analysis of the novel variables and

global environmental policymaking. Furthermore, developing

countries are more vulnerable to health concerns and climatic

problems, and the present study can be replicated in order to

scrutinize the causal linkage with the inclusion of other novel

variables in developing economies that might help in assessing

and revamping their health policies for imminent future. It is

recommended to include environmental and economic variables

for the analysis of health expenditures as a comparison of

different countries.
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Policymakers worldwide have been actively involved in the past few decades

to ensure that human diseases are kept to a minimum. A new econometric

technique, dynamic ARDL simulations, was used in this study to estimate and

model the influence of health expenditures on investment in non-financial

assets in China from 1990 to 2019. An economic growth framework, gross

capital formation, information and communication technologies, foreign

direct investment, and carbon emissions are all considered in the empirical

model—the analysis produced interesting results. First, the estimates show

that health expenditures and foreign direct investment have a significant

long-run decreasing impact on non-financial assets in China by 0.451 and

0.234%. Second, economic growth and gross capital formation significantly

a�ect the economy’s non-financial assets. Likewise, ICT and carbon emissions

also positively correlate with an explained variable in China. The findings

show that the economy is becoming less investment-intensive as health

spending and foreign direct investment rise. The study develops important

policy implications for the selected country to achieve desired targets based

on the empirical results.

KEYWORDS

health expenditures, non-financial assets, capital formation, dynamic ARDL approach,

China

Introduction

The rising cost of health care services is quickly becoming a major concern for

governments worldwide. The majority of growing economies and international health

care spending growth are increasingly occurring outside the targeted economies’ borders.

Countries like the People’s Republic of China see rapid increases in health care spending

(hereinafter referred to as China). Chronic diseases are a major factor in healthcare

costs in developed and developing countries. The fast-growing emerging economies

are, however, saddled with a double whammy. Despite efforts to eradicate infectious

diseases, these economies are also grappling with an increase in the prevalence of no

communicable diseases (NCDs) (1).
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However, the transaction sector also needs investments

in fixed assets, whose state determines the effectiveness of

transactions (the value of transaction costs). There may be

a financial crisis resulting from the deflation of the housing

bubble, the failure of the banking structure, and the mounting

debt (2). Secondly, long-term socio-economic issues, such

as rising unemployment, expanding discrimination, austerity

programs, welfare cuts, and limited industrial effectiveness in

a globalized world, will significantly impact in the next 5–

10 years. Environmental issues such as environmental change,

biodiversity loss, ocean acidification, chemical contamination,

freshwater, and land use issues are all transgressing planetary

boundaries in the long term (10–50 years). A new scientific

study stream has formed in response to these environmental

issues. It argues that large-scale sustainability transitions in

transportation, energy, and agri-food socio-technical systems

are required to address them (3). The multi-level perspective

in this research stream hypothesizes sustainability alterations

as green niche innovations battling against existing (unsound)

systems and possibly substituting or reconfiguring these systems

[e.g., (4–6)]. Health problems are on the rise as a result of an

unsustainable environment (7).

In many affluent countries, reforming health care delivery

systems is a continuous effort. Increasing or decreasing public

funding health care spending is one of the simplest ways

governments can adjust their health care delivery systems. The

idea of a more significant role for the public in health care

has been floated around the world regularly—others around the

globe urge for a diminished public role (8). As a result, it’s critical

to understand the full ramifications of any changes to the health

care system that alter the proportion of public funding. In the

end, what matters is the impact on health outcomes of such

modifications. Financing medical expenses using tax dollars can

help people get the necessary care. Increasing public funding, on

the other hand, may result in less efficient healthcare delivery

and worse health outcomes. There has been relatively little

attention paid to this empirical subject until now. The extent

to which health care is publicly financed varies considerably

among nations and over time. According to similar economies

(9), China has a relatively low level of public financing. However,

in other countries, such as the United States, it has risen from

24% in 1960 to 41% in 1985. The growth in Canada has been

the same amount, but the public share in Canada has been

higher than in the United States. Other countries’ public funding

shares have remained generally stable but varying amounts.

As of 1960 and 1993, public funding in the United Kingdom

was 85 and 86%, respectively. Health outcomes vary between

countries for a variety of reasons, not only the amount of money

spent on public health care (6). Aside from socio-economic

variables, demographics, and health behaviors, these factors may

also have a role. Factors peculiar to a given country may also

impact the health of its citizens. A comprehensive analysis of the

factors influencing results in different nations and across time is

required. Preliminary research has focused primarily on health

issues (3).

Financial institutions are interested in the tougher definition

of “reputation” that requires recurrent interactions between

economic actors. There is a lack of empirical data to support

the importance of reputation building in the capital markets.

Even though banks keep meticulous records of the loans they

provide and the repayments they receive, they rarely divulge

information about the unsuccessful customers they’ve turned

away. As a result, new approaches to research are needed. For

example, Mujasi et al. (10) use a panel of banknote data to study

how a funding institution might benefit from its reputation and

serve the health sector.

The Information & Communication Technology for

countries across the globe significantly contributes to health

facilities and financial investment. Its importance is that

it provides significant financial incentives and penalties to

healthcare institutions. Increasingly relevant are questions

about the financial and productive benefits of widespread

usage of information and communication technology (ICT)

(8). There are many benefits to using ICTs in healthcare, such

as improving the quality of care, but they can also harm an

organization’s financial performance and productivity (11, 12).

Hospitals that can prove they are using modern technology in

a meaningful way are rewarded by the Centers for Medicare &

Medicaid Services (CMS). In order to increase safety, quality,

and competence, decrease health inequalities, engage patients

and families in treatment decisions, improve public health, and

ensure the privacy and security of persistent health information,

the meaningful use effort supports many health care goals.

To enhance clinical after-effects, population health outcomes,

transparency and efficiency, authorized individuals, and more

robust associations with non-financial assets are expected

consequences of meaningful use of compliance (13).

Few empirical research has centered on the impact of health

expenditures on financial investment decisions, even if many

have looked into the impact of health expenditures on other

economic variables such as income disparity, environmental

quality, energy investment, etc. Spending on healthcare often

necessitates reprioritizing other family expenses (14). It can

pose a danger to living standards, which can have immediate

and long-term effects on a family’s financial security. Therefore,

the case study of 10 Asian nations, including low-income

countries, revealed a high incidence of such expenditure in

South Korea when considering Korea’s GDP per capita (15).

An analysis of 59 nations by Hu et al. (16) found that South

Korea had a higher-than-average % of households experiencing

catastrophic expenditures, defined as spending more than twice

their income on non-food items. According to a study looking at

the development of catastrophic health expenditures in Korea,

the %age of households experiencing catastrophic expenditures

has been growing steadily over the past few years, peaking at

2.15% in urban areas and 3.44% in rural regions in 2005 (17).
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Health care costs are likely to arise frequently in China,

as evidenced by the aforementioned local and international

findings. As a result, China’s economy may be at risk of suffering

from health problems, especially if remedial measures such

as healthcare spending are necessary. Health spending and

financial investment were broken out and contrasted in this

study. Health spending was also analyzed in relation to financial

investment and a number of other variables of interest in China.

The results reveal the potential effects of health expenditures

on financial investment. However, the impact assessment is

limited due to the use of time series data. Since no Chinese

study has yet attempted to answer the question of whether or

not rising healthcare costs will lead to a shift in financial asset

allocation, this remains the country’s biggest obstacle. This is

the central issue and the focus of our investigation into the

Chinese economy.

This study has the following contribution to existing

literature. The first contribution of this study is to investigate

the connection of health expenditures with investment in

non-financial assets. The financial-economic crisis and health

expenditures have a deeper cultural problem in modern

capitalist societies. According to this theory, a new historical

age has dawned on modern cultures. It is characterized by a

convergence of financial, socio-economic, and health-related

issues. Therefore, over time there is an increasing trend in

health expenditures which may cause a decline in financial

investment. Thus, it is necessary to investigate the role of

health expenditures for financial investment in China’s economy

(18). The second objective is to investigate long-wave dynamics

for economic growth, foreign direct investment, ICT, and

environmental quality. Those who hold this view rely on a

foundation of evidence. Economic and social downturns are a

regular and inevitable aspect of major transitions. A move from

the “installation period” of the ICT paradigm to the “deployment

phase” is seen in the light of the current state of ICTs as a signal

for financial discipline and a refocus on long-run investments

in the real economy (11). The merging of the ICT paradigm

and other indicators of financial investment may provide a

system to overcome the current crisis. A third view emphasizes

less the advanced econometric techniques investigate the long-

run association among variables. Therefore, this study used the

advanced form of econometric approach in which Dynamic

ARDL and advanced causality test promises to solve serious

problems. Some argue that financial investment and other issues

compete for political and societal attention because they have

varying timeframes, causes, and solutions. Investors’ confidence

may be eroded due to shifting social and political objectives.

Literature review

The study of the factors that may influence a person’s

financial wealth has been undertaken numerous times over

the years. Numerous country-specific studies of the bi-variate

framework are available in the academic community’s collective

brain trust (19). The confluence of numerous financial variables

has mostly gone unnoticed or has been overlooked in panel

research (20, 21), however. Inconsistent results have been

achieved due to elements like these being overlooked, and these

conclusions are of little use to policymakers in terms of financial

development or policy implications. The various variables must

be connected in some way (22).

Studies on health and related issues with a wide range of

variables are summarized in this study. It is believed that health

indicators, economic growth, and the environment are linked.

The health effects of rising CO2 emissions are seen worldwide,

but they are most acute in developing countries. According to

Persyn and Westerlund (23), an increase in health expenditure

magnified both economic growth and CO2 emissions in the

OECD countries. Timilsina (24) and Wu et al. (25) conducted

a similar study in the Middle East and North Africa (MENA)

region and found that health expenditure is a source of

increasing economic activity at the expense of the environment.

Shahzad et al. (26) found that health expenditure is the driving

indicator for CO2 emissions in 20 countries. Hao et al. (27) and

Song et al. (28) investigated the link between environmental

pollution and health effects in China along similar lines and

found that the environment is likely to cause major health

concerns. Yunfeng and Laike (29) have taken a closer look

at the impact of power generation and health expenditure

on the environment in Caribbean countries. They maintained

that rising healthcare costs contributed to the environment’s

degradation. It was found by Cui et al. (30) in a study of

panel data from 94 nations that government expenditure has a

direct moderating effect on pollution and promotes economic

growth; they did not find any negative impact on health (31).

Health expenditures, economic growth, and the environment

have been shown to correlate positively in several empirical types

of research (32–34). However, some researchers, such as Dong

et al. (35), Du and Li (36), Rao et al. (37), and Wu et al. (38),

reject these conclusions, claiming that health expenditures have

benefitted the economy and the environment.

In the last few years, there has been a heightened interest

in figuring out the impact of financial inclusion on health care

costs, health conditions, and wellbeing (39). Over one billion

adults have approached an account since 2011, according to

The World Bank (40), and considerable strides are being made

globally to involve greater people in financial services of their

critical role. More than 69% of the world’s adults now have a

bank account, yet the latest Fundex statistics show that 31%

of adults are still unbanked (1.7 billion people, or 31%) (41).

Most of those without bank accounts are women and members

of low-income families living in rural areas. Since financial

inclusion is critical to the seven SDGs, countries agreed to work

together globally and commit themselves to China and other

countries to develop high-Level Ethics for Digital Financial
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Inclusion (40). Some nations use more than 12% of GDP on

health care, while others use <3% of GDP on it. As a result,

it is clear that as nations go up the financial ladder, their

health expenditure differs substantially from those at the bottom

of the scale. This is the case with China, categorized as an

upper-middle-income nation by the World Bank. Differences in

growth and development have resulted in a significant gap in

health costs around the globe. In this part, we examine various

relevant researches at the individual and cross-country levels,

which have examined the link between financial inclusion and

health spending (42, 43).

The results are consistent no matter how many different

estimation methods are used. Zhang et al. (44) used the 2SLS

technique of estimation and Lewbel’s instrumental variable

approach to examine the influence of financial inclusion on

domestic health expenses in Ghana. According to the findings,

households’ out-of-pocket health care expenses rise by 0.1367–

1.7608 for every unit increase in financial inclusion. Women-

headed households and those in metropolitan regions are more

likely to experience these consequences. One of their findings

was that financial inclusion captures higher expenditures on

medical items than casualty care. Similarly, research by Li et

al. (45) examined the link between financial development and

health expenditures in SSA countries. Finances have a favorable

and significant impact on health care spending, according to

the 2SLS estimating approach. This finding was supported by a

study examining the effect of financial development on private

health care expenditure. According to the results, an increase

in bank branches per 100,000 people of 10% correlates to a

1.1% rise in private health care spending as a %age of GDP.

An increase of 1.7 and 1% in the share of private health

care spending is also attributed to broad money and bank

credit available to the private sector as a %age of GDP. It

was discovered in another study by Cao et al. (46), using

Quantile Treatment Effects (QTE) to capture the effect of

household credit on education and health spending by the poor

in Vietnam. The influence of formal and informal credit on

health expenditures was evaluated, as well as any differences

in their impact on health expenditures. Informal credit had a

favorable influence on health expenditure, but only at a very

small level, while formal credit had a doubled effect. As a

result, credit considerably impacts the health and education

spending of the poor in Vietnam’s peri-urban areas. Individuals’

financial and overall asset holdings rise when they have access

to savings accounts, as Chang and Han (47) discovered field

trial in Nepal. As a result, their income rises as well. They

conducted a field experiment to see if having access to a

bank account affects household spending. The findings show

that access to financial services positively impacts health care

costs. Before the conclusion of her field trial, to acquire more

reliable results, she analyzed the complete population that had

just had a health crisis and revealed a considerably stronger

statistically significant influence. Because of this, it was found

that families spend more on care in the early stages of a health

problem to avoid long-term costs. Thanh and Duong (48) study

on health shocks and microcredit in rural areas of Vietnam

found inconsistent results regarding the role of microcredit in

alleviating health shocks, which mostly depended on the type

of health distress. Health shocks tend to be better handled

by households with access to microcredit than households

without access to micro-credit. Zhong et al. (6) investigated

the long-run linkages between economic and financial risk in

the MINT economies from 1984 to 2014. They employed the

Wavelet analysis and found the one-way causal association from

economic risk to financial risk for Mexico and financial risk

to economic risk for Turkey. Another case study in Germany

(9) investigated the impact of the stock market index from

1996 to 2020. They employed the Markov Switching Regression

and pointed out that the pandemic uncertainty index and real

effective exchange rate disturb the German Stock Market index.

Bilger and Manning (49) investigated the impact of financial

development on MINT economies’ carbon emissions from 1969

to 2019. They used the Rolling-Window Bootstrap estimation

and showed the feedback hypothesis between the financial

development and carbon emissions in selected economies. The

study of South Korea related to exchange rate and economic

progress from 1997 to 2021 by (50) and validated the positive

relationship between economic progress and exchange rate.

Another case study of China by Moura et al. (7) tried to

investigate the impact of the economic complexity index on

environmental quality from 1985 to 2019. Using quintile on

quintile regression showed the positive impact of economic

complexity on environmental quality.

In conclusion, prior research did not fully account for

their crucial role in impacting environmental quality when

selecting supply-side clean and green energy. The study’s

primary objective is to quantify the global scope of the growing

issue, focusing on emerging economies. Consequently, the

research has filled this need by focusing on the production

side of green energy that may lead to environmental issues.

In light of these restrictions, we employ a visually appealing

panel model to investigate the impact of different forms

of renewable energy generation—including nuclear, hydro,

wind, and geothermal—on environmental degradation. The

results shed fresh light on the topic, making this study an

important addition to the existing empirical and theoretical

work. Furthermore, this study contributes to the literature

by delving into the effect of economic development and

R&D expenditure on environmental quality in a subset of

economies (here, the E5 economies) from 1990 to 2019.

Moreover, the results for Generalized Dynamic Method

of Moments (GMM) and Fully Modified Ordinary Least

Square (FMOLS) will provide appropriate policy ideas for

selected economies to achieve low environmental degradation

and deal with the production side difficulties and desired

environmental goals.
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FIGURE 1

Estimation strategy flow chart.

Data and methods

Theoretical framework

In this research, the estimation of health outcomes is based

on a framework provided by Amuedo-Dorantes and Pozo (51).

The level of investment in health is a choice individuals make in

his model to maximize benefit throughout a lifetime. Grossman

defines health expenditures as a combination of medical care,

time spent on health, and education as a technology shifter. He

does concede that other market products, such as housing, diet,

recreation, cigarette smoking, and alcohol use, could be in the

production function together with medical treatment (4). Using

Grossman’s and others’ research and the studies discussed above,

the current work specifies health production functions across

countries and over time. In the United States, for instance (5)

construct mortality regressions across states with factors such

as per capita healthcare spending, per capita income, per capita

cigarette usage, and per capita education. With microdata for

the United States from 1959 to 1962, Bukari et al. (8) estimate

a health production function using morbidity measurements.

Using a battery of physiological indicators like blood pressure

and cholesterol, the researchers find just a marginal impact of

medical treatment on patient outcomes. Among the indicators

of health used by Yang et al. (3) are a person’s blood pressure,

functional restrictions, and the person’s health assessment. They

define health in terms of educational attainment and other

demographic factors. While education and health literacy are

independent variables in Mujasi et al. (10) health production

function estimations, health behavior is the dependent variable.

Health (H) is defined here as a function of health care inputs

(HC), health-related behaviors (HB), and other tradable (X).

Furthermore, the DEM of a population has a direct impact on

health outcomes due to innate biological mechanisms.

Moreover, the estimation strategy is given as follows in

Figure 1.

This research inspected the impact of health expenditures

and economic growth with other variables on investment for

non-financial assets in china by applying annual time series data

from 1990 to 2019 obtained from WDI (40). Net investment in

non-financial assets (NFA) were measured as % of economic

growth. Economic growth was measured in US current $,

the gross capital formation was measured by % of GDP,

information and communication technology was measured by

% of the population, foreign direct investment was measured

by % of GDP, carbon emissions were measured in Kt, and the

data relevant to such factors were collected from the World

Development Indicators (WDI). All series were converted to

logarithmic form to remove the issue of heteroscedasticity.

The dynamic autoregressive distributed lag simulation methods

were utilized in this study to analyze the actual change in the

dependent variable induced by the independent variable (52, 53).

We must first do a unit root test to verify the stationarity

of each variable and the order of integration of the relevant

variables before proceeding with dynamic ARDL simulations.

There’s a chance that non-stationary data will produce erroneous

regression conclusions. Each variable was tested for stationarity

at the level and the first difference. Non-stationary variables

at the level term will have unit roots; if the first differences

of the time series are stationary, this indicates that they are

integrated of degree one or I (1). In order to run dynamic

ARDL simulations, you must only employ stationary variables
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at either I(0) or I(I). These tests and enhanced versions of

Dickey-Fuller, Phillips-Peron, and the Kwiatkowski-Phillips-

Schmidt-Shin (KPSS) unit root tests were used to examine the

series’ linear stochastic trend. The following general equation

is given to evaluate the relationship between the variables

under investigation:

LNFAt = β0 + β1LHEt + β2LGDPt + β3LGCFt + β4LFDIt

+β5LICTi + β6LCEt + ut (1)

In the overhead Equation (1), β0 is constant, 1–6, β values

are the coefficients of independent variables, and εt is the

error term.

Autoregressive distributed lag bounds
test

The long-term connection between the research variables

was examined using a bound test. The following ARDL bound

test model was used to investigate the long-term association

between the variables of interest based on the hypothesis:

1LNFAt = δ0 + δ1LNFAt−1 + δ2LGDPt−1 + δ3LGCFt−1

+δ4LFDIt−1 + δ5LICTt−1 + δ6LCEt−1

+
q

∑

i=1

β1 LHEt +
q

∑

i=1

β2 LGDPt +
q

∑

i=1

β3 LGCFt

+
q

∑

i=1

β4 LFDIt +
q

∑

i=1

β5 LICTi +
q

∑

i=1

β6 LCEt + ut (2)

Equation (2) shows the first difference, LNFA is the

natural log of non-financial assets, LGDP the economic growth,

LGCF gross capital formation, LFDI the log of foreign direct

investment, LICT is the log of information and communication

technology, and LCE is the natural log of carbon emissions,

and t-i represents the optimal selection of lags according to the

Akaike information criterion. To test for long-term correlations

between the research variables, and will be studied. We estimate

both the short- and long-term ARDL models because of long-

term connections between the research variables. The following

are the null and alternative hypotheses for the bound test:

H0 = δ1 = δ2 = δ3 = δ4 = δ5 = δ6 = 0

H1 6= δ1 6= δ2 6= δ3 6= δ4 6= δ5 6= δ6 6= 0

The studied value of F-statistics can be used to accept or

reject the null hypothesis. As stated by Ali et al. (54), long-term

associations are present if the calculated F-statistical values are

greater than the upper bounds value, no long-term association

exists if the calculated F-statistical value is less than the lower

bounds value, or if a calculated F-statistical value is between the

upper and lower bound values.

ARDL model

Chen et al. (55) proposed the Dynamic ARDL model.

Compared to other time series models, the ARDL model has

distinct advantages. Short temporal data can be used with the

ARDL model, according to Dong (56). If the series is stationary

at I (0), I(I), or both, the ARDL model can be used. Lags for

independent and dependent variables can be used in various

ways. A cointegration relationship exists between the variables

studied, according to the results of ARDL bound tests. The

long-term ARDL model looks like this:

LNFAi = β0+
q

∑

i=1

δ1 LHEt − i +
q

∑

i=1

δ2 LGDPt − i

+
q

∑

i=1

δ3 LGCFt − i +
q

∑

i=1

δ4 LFDIt − i

+
q

∑

i=1

δ5 LICTt − i +
q

∑

i=1

δ6 LCEt − i + ut (3)

The equation above refers to the long-term fluctuation in

the study variables. Each variable’s delays were chosen using

the Akaike information criteria. The following error correction

model was used for the short-run ARDL model:

LNFAi = β0+
q

∑

i=1

β1 1LHEt − i+
q

∑

i=1

β2 1LGDPt − i

+
q

∑

i=1

β3 1LGCFt − i +
q

∑

i=1

β4 1LFDIt − i

+
q

∑

i=1

β5 1LICTt − i +
q

∑

i=1

β6 VLCEt − i + δECTt−1 + ut

(4)

A usual range for the error correction term is from 1 to 0

in the equation above, while represents the short-run variance

and ECT represents the adjustment speed from disequilibrium.

You need a negative and statistically significant error correction

term to ensure any shock is absorbed in the next period.

CUSUM and CUSMSQ were used to verify the model’s

stability (57). Breusch–Godfrey Lagrange Multiplier was used

to verify serial correlation (LM). Breusch-Pagan-Godfrey (BG)

and autoregressive conditional heteroscedasticity (ARCH) were

employed to verify heteroscedasticity, whereas Jarque–Bera was

used to verify residual normality. Using the Ramsey reset test to

check the stability of the model.

Dynamic autoregressive distributed lag
simulations

Wang and Watson (58) introduced the dynamic ARDL

model to research the short-run and long-run connection
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between the study variables to remove the difficulties of the

existing ARDL. Using dynamic ARDL simulations, the graph

of the regressor’s change and the impact on the regress may

be estimated, stimulated, and predicted automatically while the

other variables in the equation remain constant. There must

be cointegration between the variables being studied in order

to apply the dynamic ARDL simulation method (59, 60). The

vector of variables from themultivariate normal distribution was

replicated 5,000 times using the dynamic ARDL error-correcting

term technique. It is possible to see how the regressor changes

over time and how that changes the regress. IEA and BERC (61)

and Lin and Jia (62) used these terms to describe the ARDL

bound error correction tests.

1LNFAt = δ0 + δ1LNFAt−1 + β11LHEt − i

+δ2LGDPt−1 + β2 LGDPt + δ3LGCFt−1 + β3 LGCFt

+δ4LFDIt−1 + β4 LFDIt + δ5LICTt−1 + β5 LICTi

+δ6LCEt−1 + β6 LCEt + ut (5)

It is also important here to deliver the social importance

of this study; therefore, this study stresses the role of training

in promoting awareness and improving financial investment

attitudes among the public. The role of financial assets could

show a positive change in public health and may cause to

increase in the level of human wellbeing in the long and

short runs. In other words, China’s economy’s financial and

health policies strongly impact the energy market. It means

that increased spending on health initiatives produces more

accuracy than other activities. Furthermore, improvements

in health care facilities and the health of citizens can be

a glimpse of transformed government policies toward the

health sector with a rise in income in recent years. In

other words, governments in the specified economy have

employed more health-related strategies, leading to greater

public investments in this sector. As a result, the positive changes

in household social benefits may have a negative impact on

the investment of financial assets in the long run. The results

may show a significant association in the long and short ranges.

However, household financial assets are expected to impact

social wellbeing considerably. Put another way, households

in the defined economy have both the incentive (from the

health risk) and the self-assurance to participate in productive

investment. True, in the post-pandemic era, an increase in

household financial capability (ability and opportunity to act)

might lessen the risk of investment in the health sector. This

would have a major bearing on families’ financial decisions.

Therefore, governments can better increase or decrease their

health spending shares by understanding the factors that

affect the allocation and risk of financial assets in the case

of China.

Results and discussion

A normal distribution trend was confirmed by Jarque-Bera

test statistics, with the average LNFA, LHE, LGDP, LGCF, LICT,

LFDI, and LCE. Table 1 shows the results of the descriptive

statistics. However, there is a no larger difference between each

variable’s mean and median values.

When utilizing statistical methods and approximation

parameters, whether or not a series is stationary significantly

impacts the empirical evidence. No unit root function in the

equation means that data can increase or decrease over a

set number of values for a long time. If that’s true, then

the data’s constant variance must remain constant throughout

time. In contrast, the likelihood function of non-stationary data

exhibits state-dependent features in the stochastic technique.

As previously stated, the long-term impacts of external shocks

do not revert to equilibrium or the random walk condition.

If a statistical model provides prediction partiality or pseudo-

regression utilizing non-stationary data, the data’s dependability

must be checked (63–65). Many fundamental econometric

theories and methodologies are based on the unit root test,

determining if economic variables are stationary.

TABLE 1 Descriptive statistics test.

Variable LNFA LHE LGDP LGCF LICT LFDI LCE

Mean 10.231 12.451 6.954 7.552 14.235 8.412 6.741

Median 10.114 12.234 6.852 6.987 14.125 8.222 6.552

Max. 12.521 15.423 8.456 9.456 20.658 12.563 9.562

Min. 8.245 6.559 3.854 3.854 6.458 5.446 5.458

Std. dev. 1.569 2.089 2.125 2.182 3.888 2.111 2.885

Skewness −0.589 −0.564 −0.822 −0.556 −0.897 −0.4222 1.445

Kurtosis 2.09 2.46 3.85 2.11 3.31 2.12 5.845

J-B 3.56 3.12 5.23 2.85 1.844 3.852 1.558

Prob. 0.002 0.000 0.000 0.000 0.002 0.000 0.000

TABLE 2 ADF and PP unit root tests.

Variable ADF PP

Level Difference Level Difference

LNFA −0.8542 −3.6932* −1.5527 −4.8841*

LHE −1.2375 −7.4598* −1.9952 −5.4458*

LGDP −3.7465* −5.6589 −3.8923* −6.5245

LGCF −1.2356 −4.8246** −1.9994 −3.5655**

LICT −3.2145** −5.2258 −3.0896** −6.8754

LFDI 0.2569 −7.5589* 1.2389 −9.4588*

LCE −1.2251 −5.2369** −2.8546 −6.2238*

*, ** 1% and 5% significance level.
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TABLE 3 Lag selection criteria.

Lag AIC SC HQ

0 −6.8852 −5.2333 −7.6691

1 −9.5524 −8.1155* −10.524

2 −7.2569* −9.8854 8.14897

3 −10.452 −13.4521 −17.5549*

* 1% and 5% significance level.

TABLE 4 Bound test.

Test Value K

F-statistics 9.8844 5

Critical bound value

Significance Lower bound Upper bound

1% 3.92 5.31

2.5% 3.41 4.71

5% 3.00 4.21

10% 2.57 3.69

First, order one, I (1), must be established in the data

series, notably the response variable, in order to examine

the correlations among the dependent variables and their

explanatory variables. Furthermore, no variables of order one or

reflecting the seasonal unit roots (66–69) should be integrated.

Phillip-Perron (PP) unit root and Augmented Dickey-Fuller

(ADF) tests were utilized to inspect the variable’s order to meet

the qualifying requirements in this study. Table 2 shows the

outcomes of the unit root tests used in the study. Under the null

hypothesis of the unit root, PP and ADF are examined. As shown

in Table 2, it is not possible to discard the null hypothesis of a

unit root (PP and ADF) covering virtually all variables at the

level I(O) but is rejected at first I (1) disagreement. Because of

this, the co-integration of ARDL boundaries can be achieved by

combining all data series in order one and level.

Different lags can be selected for independent and

dependent variables in an autoregressive distributed lag model.

The lags selection criteria test results are shown in the following

table. Selecting lags for independent and dependent variables is

made more accessible by AIC, SC, and HQ. For lag selection, we

employed the AIC, which found that the AIC value for lag two

was the lowest of all three lag length selection criteria for our

model. There are results for the lag selection criterion in Table 3.

In order to investigate the long-term correlation between

the research series, the ARDL bounds test was performed.

F-statistics are shown in Table 4. Using F-statistics, the

cointegration can be determined. At the 10, 5, and 2%

significance levels, the estimated F-statistics value exceeds

the upper boundaries, showing co-integration between the

research variables.

TABLE 5 Diagnostic tests.

Diagnostic statistics test X
2 (P-value) Problem

Breusch-Godfrey LM 0.666 N/A

Breusch-Pagan-Godfrey 0.899 N/A

ARCH 0.214 N/A

Ramsey RESET test 0.164 N/A

TABLE 6 Outcomes of dynamic ARDL.

Variables Coefficients Std. error T-statistics p-value

Cons. −0.5674* 0.2311 −2.4545 0.005

LHE −0.4512 0.0991 4.5529 0.000

LGDP 0.7512 0.1356 5.5398 0.000

LCF 0.5562 0.3022 1.7412 0.002

LICT 0.8900 0.2545 3.4970 0.000

LFDI −0.2345 0.0256 9.1601 0.005

LCO2 0.8562 0.4563 0.8763 0.000

ECT(-1) −0.5678 0.1356 4.1873 0.000

R-Square 0.9256

N 29

F (P-value) 0.000*

Simulations 400

* 1% and 5% significance level.

The results of several diagnostic data are shown in

Table 5. The model’s consistency was examined using diagnostic

statistics. Breusch-Godfrey LM test results show that the model

utilized has no serial correlation problem. When the Breusch-

Pagan-Godfrey and ARCH tests were used to look for any

heteroscedasticity issues, the results showed none. The reset

Ramsey test was used to determine if the model was accurately

specified; findings show that the model is correct.

Dynamic ARDL model outputs

Dynamic ARDL model outputs are summarized in Table 6.

ARDL’s originality lies in its capacity to reliably forecast the

signs and number of changes in the factors and their short-

term and long-term connectivity (Figure 2). For the classical

ARDL technique, parameters’ short- and long-term associations

are of particular interest. According to the given coefficient of

health expenditure, it is negatively associated with non-financial

investment. This implies that a 1% rise in this factor would

cause a reduction in investment by 0.451%. Health care expenses

in China have risen steadily over time when total health care

expenditures are considered. Health care in China is organized

in a way distinct from other areas, including human resources,

the economy, and strategic planning. China’s healthcare system
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FIGURE 2

Graphical presentation of results.

has unique challenges and opportunities compared to other

emerging countries. In the recent decade, China’s health sector

has seen a dramatic increase in restrictions. Physical services,

people resources, materials, technology, and healthcare services

have undergone a major transformation. Two key portions

guide this procedure. Healthcare services and social security are

two of them. In particular, social security and healthcare have

been separated, and a regulatory framework for healthcare has

been established. Healthcare’s Transition Program has played a

critical role in this transformation. The impact of the healthcare

transition program extends far beyond the last several decades.

The progression of this procedure can be observed in the

development plans. Health care’s transition program has goals

and solutions similar to development plans. Accordingly, the last

two decades are critical to understanding how health care costs

have evolved. Detailed information on cost-cutting strategies,

improvements to bemade, issues to be addressed, and tasks to be

completed can be gleaned from development plans. Therefore, it

needs time to overlook policies concerning health expenditures

and investment in non-financial assets.

Likewise, another determinant of non-financial investment

is being considered economic progress. Economic growth is

positively associated with the investment, which infers that a

1% rise in this factor would cause to increase in investment by

0.751%, respectively. From China’s sample, GDP and growth are

the essential factors of financial inclusion. This further suggests

that the market size and growth are essential for attracting

financial performance. This may be because high growth rates

in a selected economy are frequently linked with high financial

inclusion. As a result, China’s rapid economic development has

a favorable effect on GDP and NFA.Without a better expression,

growth and NFA have becomemutually reinforcing in the global

economy. The link between NFA and economic growth has

become increasingly endogenous as a result of globalization.

Likewise, the capital formation also plays a significant role

in boosting financial investment. Therefore (70), according

to the given coefficient of gross capital formation, it is

positively associated with the explained variable, which infers

that a 1% rise in this factor would cause to increase in

non-financial investment by 0.556%. GCF’s impact on NFA,

applicable technical transfer, and economic growth, has been

widely discussed. According to economic theory, gross capital

formation affects the macroeconomic component directly and

indirectly. Financial ramifications include the establishment of

new businesses, the creation of jobs, and portfolio investments.

Additionally (71), there is a direct gain from the transfer of

technical knowledge, managerial skills, and other technological

spillovers that encourage domestic demand for products

and services, promoting capital accumulation. One aspect of

economic growth that has drawn scholarly interest is the

connection between GCF and financial inclusion. Gross capital

formation is essential to business success and the economy’s

growth. However, it is a complicated procedure to create and

strengthen capital formation. The asymmetric evaluation also

shows a positive correlation between the GCF and NFA as a

measure of GCF, and this correlation is statistically significant.

In addition, linear correlations between NFA and GCF are

impossible because they are modeled endogenously. Technology

transfer leads to increased economic growth, which is the

underlying assumption of this theory. Over time, it is projected
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that gross capital formation would boost financial inclusion,

resulting in increased investment in financial assets.

The given coefficient value of FDI is positively associated

with the non-financial investment, which infers that any

significant change in foreign direct investment inflows would

cause to decrease in the dependent variable by 0.234%,

respectively. Domestic investment assesses how the domestic

financial system affects FDI’s contribution to economic growth.

For example, if the investment variable is included and FDI

or any financial development is considerable, this is read as

FDI encouraging NFA through its efficiency level. As a result

(72), it is not evident how FDI affects financial inclusion

through investment or efficiency levels if this variable is not

included. Countries with a well-developed financial system are

better able to benefit from the advantages of FDI inflows;

according to the study, financial inclusion and foreign direct

investment (FDI) have a substantial correlation, according to

the findings. China has a positive and statistically significant

coefficient of FDI, but the coefficient of FDI at the 1%

significance level is equally positive and significant. Even after

controlling for financial development, this hypothesis holds,

which shows that developing a solid domestic financial system

may assist host countries in reaping the benefits of foreign direct

investment more.

Also, information and communication technology (ICT)

increases investment in the selected economy. Information

and communication technology (ICT) has penetrated nearly

every industry. The banking business, in particular, has seen

radical transformations due to the widespread use of new

technologies. A thriving banking sector signifies an economy’s

overall strength and resilience. The rise of the banking

sector was greatly aided by ICT, allowing more people to

participate in the economic process. By boosting back and

administrative processes and front-end operations, ICT has

enhanced banking efficiency while lowering client transaction

costs, which has been the primary focus of ICT in financial

management. Increasing numbers of banks and branches are

implementing core banking systems, network computing, and

customer relationship management using information and

communications technology (ICT) (CRM). Using ICT, modern

corporations may be more successful, have better governance,

and provide value to the learning, activity, and management

processes since it improves the company environment. Insight

into the nature of technology and the influence of information

and communication technologies on business and society is

provided by ICT, which offers numerous perspectives. One

of the modules of ICT in financial inclusion is required.

Massive applications have resulted from the rapid growth and

development of ICT in this sector. This article investigates

how ICT applications and tools are employed in financial

management. In addition (27), the paper explores how ICT tools

and applications might be used to benefit a broader business

audience. Workers’ productivity skyrocketed as a result of their

increased reliance on ICT. Workers’ productivity is steadily

rising as the banking business increasingly relies on technology.

Carbon emissions are also being used to investigate the

behavior of the environment with non-financial investment,

which shows the positive association between CO2 emissions

and non-financial investments. The correlation between

financial development and carbon emissions was statistically

significant. Long-term carbon emissions climb by an average of

0.080 and 0.13% for every 1% increase in financial development.

This study shows China’s NFA levels have increased due to

carbon emissions. A weaker financial system, more significant

information asymmetry, and narrowing of financing channels

through higher-cost capital lending help close the scale of

products such as reduced employment, decreased rental

equipment usage, and increased use of aging production lines

that eventually show a positive trend in NFA and lead to

carbon emissions. Improved servicing of consumption credit

guarantees that consumers can acquire more items such as cars,

appliances, and homes that contribute to the increase in carbon

emissions due to a more developed financial system. In the same

way, a rising stock market means a rising economy. Increased

carbon emissions are caused by increased demand for energy

due to increased output and consumption, which raises the

confidence of consumers, businesses, and the economy. China’s

financial development has accelerated in the last four decades,

contributing to an increase in carbon emissions (4). Increased

access to external financing, in turn, aids in the expansion of

investment, supporting the positive effect hypothesis, leading

to an increase in carbon emissions due to China’s growing

financial development. In addition, China’s stock market has

a larger-scale impact on the country’s economy and carbon

emissions (73).

Error correction technique (ECT) is used to measure

adjustment speed. At a 1% level of significance, the ECT value is

negative and statistically significant. According to ECT, changes

in the previous equilibrium occur at a rate of 0.56% per year.

The R-squared number shows that the study’s independent

factors accurately reflect the dependent variable’s 92% range of

variation. The observed P-value of F-statistics indicates that the

study’s model is fitted correctly. Moreover, the smart chart for

the estimated outcomes is given.

Figure 3 shows the 10% positive and negative shift in the

pace of health expenditure and its effect on China’s investment

in non-financial assets. This shows the 10% positive change in

China’s negative health expenditures rate. Further, the trend for

the graph can be seen in the diagram (Figure 3).

Spectral causality test

Using Jia et al. (74) and Zhao et al. (75) frequency domain

causality test after computing the long-run results, we can

identify the causal relationship between the variables we’ve
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FIGURE 3

Graph for dynamic ARDL.

chosen to study. The null hypothesis of LNFA, LHE, LGDP,

LGCF, LFDI, LICT, and LCE does not apply to Granger, as shown

in Figure 4.

Before running the model, we employed pre-estimate

approaches such as the Schwarz Bayesian information criterion,

the sequential likelihood test and the Akaike information

criterion, and Hannan and Quinn’s information criterion

to identify appropriate delays for the estimation. Bivariate

models based on the frequency interval (0) yield the most

important findings. Spectral Granger-causation results from the

Breitung-Candelon spectral Granger-causality test show high

unidirectional causality in all graphs except LFDI to LNFA.

Conclusion and policy
recommendations

This study looked at the impact of health expenditures on

non-financial asset investment in China’s economy from 1990 to

2019, taking insights from China’s economy. Stochastic impact

by a linear framework is the foundation of empirical modeling.

Over the studied time in China, the ARDL-bound test indicated

that these variables exhibit a long-run equilibrium relationship.

To validate the validity of the results, Jordan and Philips used

dynamic ARDLmodel simulations to predict long-run dynamics

(2018). The findings of the simulations were intriguing. First,

the estimates confirmed that health expenditures and foreign

direct investment significantly decreased the impact on NFA

in China. Second, the estimates show that economic growth,

ICT, gross capital formation and carbon emissions significantly

increase investment in NFA in the economy. Moreover, an

advanced form of causality is also applied to investigate the

causal association among variables.

Policy recommendation

These empirical results provide important insights for policy

decision-making toward achieving sustainable development in

China. China has a strong government commitment to health

care and is a global leader in this field. In addition, significant

changes in how services are delivered are being mirrored by

changes in how money is spent. Together with financial and

service delivery regulations, they’re enforced. Individuals’ and
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FIGURE 4

Graph for causality test.

society’s health status, patient happiness and health institutions’

financial discipline have all improved significantly due to

the Transition Program in Healthcare. In addition to the

above, China’s health and financial inclusion will benefit greatly

from implementing a comprehensive social security and health

insurance programme. The efficient operation of the general

health insurance and health coverage system is extremely

important in recording and disciplining health expenditures and

understanding the actual expenses.

Economic growth has different effects on the economy,

depending on its nature. Increasing the economic progress

makes increases NFA. In other words, economic growth can

be counted as an injection complementary to investment.

Therefore, an increase in economic growth in this economy

leads to a boost in production and investment. A positive

and significant long-run association between gross capital

formation and NFA highlights the supportive role of gross

capital formation on NFA. Interestingly, the impact of gross

fixed capital formation on NFA is found to be positive. The

positive significance of gross capital formation on NFA is

in line with the investment-led growth in China’s economy,

which implies that the economy is struggling to catch up

with investment.

Following this study’s findings, the government and other

stakeholders are strongly encouraged to improve the ICT

capabilities of citizens in general, but this recommendation

is especially directed at the poor. Many financial institutions

are automating their services, which necessitates increased ICT

capabilities. Using ICT platforms, financial service providers

should make sure their services are user-friendly and written in

plain English, according to the study’s recommendations. That’s

why this study advises showing people the value of different

digital content, which can motivate customers to expand their

use of fundamental digital services, which will help spread the

usage of digital into new areas. The young will be able to use

ICT to obtain formal financial services and make informed

decisions due to increased ICT capacity. Youth unemployment

and poverty will decline as they can use formal financial services
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for investment. Citizens cannot take advantage of financial

inclusion for their economic benefit if ICT levels do not rise, and

they may remain impoverished for the rest of their lives.

It is not enough if a country has many investment

opportunities, such as China. Most nations are now well-

positioned to attract foreign investment thanks to technological

advancements and an improvement in investment climates,

which has increased the competition for FDI among numerous

countries. If countries want to attract foreign direct investment

(FDI), they must make conscious efforts. There is no doubt

that China boasts a wide variety of investment options. In

order to maximize the benefits of foreign direct investment,

however, it is necessary to implement intentional strategies to

attract, retain, and retain foreign direct investment. FDI will

be promoted, facilitated, monitored, or regulated. Promotion

of the country’s investment opportunities will attract foreign

investors; investment easing will confirm that the foreign

investors are engaged and raise their investment wallets by

radically decreasing the complications they combat in doing

business in the state and investment management. Regulation

will ensure that these foreign investments are not merely for the

benefit of the investors but that they are also beneficial to the

country as a whole. There has been a pressing need to revise

environmental and financial inclusion policies in the previous

few years.

It’s important to note that there were a few problems with

the data in this study. First, there was a notable omission from

the data: people’s current health conditions at home. Those who

are ill but don’t seek treatment and cannot afford medical care

are automatically disqualified. This suggests that the current

findings may be too conservative in assessing the effects of

health shocks. Alternatively, a splurge on plastic surgery or a

luxurious hospital room may be considered a luxury. That’s

why splurging on medical treatment can come out of your

pocket. Our research assumes these events are relatively rare and

that most unexpectedly high medical bills result from coverage

for essential care rather than luxuries. This presumption is

supported by a similar investigation which shows that health

status influences catastrophic healthcare costs. It’s also less

probable that people may forgo essential purchases in favor of

medical tourism. The second caveat was that it was hard to

tell what caused what in terms of how household income was

distributed and how much money people spent on health care.

The timing of incidents was not captured in the available cross-

sectional data. In our research, we found that low health care

spending across all categories indicates households’ employment

of coping mechanisms to deal with the financial burden of

unexpectedly high medical costs. We hypothesized that health

problems emerged first, followed by household income and

spending shifts.
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Environmental pollution is an important factor that harms public health, and

environmental regulation is the policy instrument to govern pollution, so what impact

does environmental regulation have on the public health? What are the mechanisms?

To answer these questions, this paper constructs ologit model and uses China General

Social Survey data for empirical analysis. The study found first that environmental

regulation has a significant e�ect on improving the health level of residents, and

this e�ect has been increasing with the passage of time. Second, the impact of

environmental regulation on residents’ health is di�erent among residents with

di�erent characteristics. Specifically, the positive impact of environmental regulation

on residents’ health is stronger among residents with at least a university degree,

residents with urban-registered residences, and residents living in economically

developed areas. Third, the mechanism analysis found that environmental regulation

can improve residents’ health by reducing pollutant emissions and improving

environmental quality. Finally, by introducing a cost benefit model, it was found that

environmental regulation has a significant e�ect on improving the welfare level of

individual residents and society as a whole. Hence, Environmental regulation is an

e�ective means to improve residents’ health, but when implementing environmental

regulation, we should also pay attention to its negative impact on residents’

employment and income.

KEYWORDS

environmental regulation, residents health, CGSS, China, environment pollution

1. Introduction

At present, environmental pollution is considered to be an important factor affecting

human health, and it has become a common goal of countries across the world to adopt

effective environmental regulation policies to reduce environmental pollution. Since Deng

Xiaoping implemented the reform and opening-up policy in 1978, China has achieved rapid

and sustainable economic development and has made remarkable achievements in the field

of economic growth. At the same time, China has also become the country with the most

serious environmental pollution problem in the world, and environmental pollution has also

become a significant issue threatening the health of Chinese citizens. In recent years, this issue

has also attracted the attention of many scholars around the world (1–3). Since the Twenty

first century, China has gradually increased its attention to environmental issues. Especially

since 2012, environmental governance has become an important indicator for assessing local

government officials, and the environmental regulation policies implemented by central and

local governments are also increasing. In 2007, China implemented the National Environment

and Health Action Plan (2007–2015). Then, in 2013, the central government carried out the

Action Plan for the Prevention and Control of Air Pollution. In April 2015, China implemented

the Action Plan for the Prevention and Control of Water Pollution; subsequently, in May 2016,
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China implemented the Action Plan for the Prevention and Control

of Soil Pollution. This trend of increasing environmental regulation

shows the determination of the Chinese government to control

environmental pollution.

Environmental regulation is an important means for the

government to control environmental pollution. A large number of

studies have shown that strengthening environmental regulation can

effectively reduce environmental pollution (4, 5). Can environmental

regulation improve residents’ health effectively? If so, what are the

mechanisms? At present, there are still few studies that determined

this issue directly, and relevant studies are mainly analyzing it from

the perspective of reducing environmental pollution. Yang and Chou

(6) found that the New Jersey government significantly improved the

local fetal health level by closing a coal-fired power plant following

the implementation of the U.S. Clean Air Act. But this is only

a case study, which is not representative enough and is not an

empirical analysis. Applying time-series data of China, Zhou et al.

(7) found that the more environmental governance policies and

laws issued by the government, the fewer pollutant emissions in the

country, which can reduce the nationwide expenditure on medical

and healthcare. However, this study did not measure residents’ health

directly, and the sample size was too small. Taking the total number of

patients in regional hospitals, Zhou et al. (8) used China’s provincial

panel data and found that strengthening environmental control can

significantly reduce the number of patients in regional hospitals. In

addition, Song et al. (9) found that environmental regulation can

significantly improve the health level of regional human capital,

thereby promoting regional economic development, but they did not

analyze themechanism by which environmental regulation affects the

health level of human capital. Besides, a few studies have drawn other

conclusions from different perspectives. Yan et al. (10) found that

appropriate environmental regulation can promote employment and

increase residents’ income, which is conducive to improving citizens’

health. However, when the intensity of environmental regulation

is too strong, it will have a negative impact on employment and

income and thus reduce residents’ health. Peng et al. (11) pointed

out that green innovation is the main mechanism for environmental

regulation to reduce pollution and improve public health. Based on

the “Porter hypothesis”, there is an inverted U-shaped relationship

between environmental regulation and green innovation, which

means that environmental regulation also has an inverted U-shaped

effect on public health. However, the above studies only analyze from

a single perspective and do not provide direct empirical evidence.

What are the effects and mechanisms of environmental

regulation on residents’ health? Obviously, this issue remains

worthy of further study. As the largest developing country in the

world, China is not only facing serious environmental pollution

but is also one of the developing countries with the most

experience in implementing environmental regulation policies.

China’s practical experience in environmental regulation also has

important implications for other developing countries in the world

seeking to control environmental pollution and improve the health

of residents. This article uses the entropy method to construct a

measurement indicator that reflects the strength of environmental

regulation in China’s provinces, then matches Chinese General Social

Survey (CGSS) and China Statistical Yearbook data to empirically

test the effects and mechanisms of environmental regulation on

the health of Chinese residents. The main conclusions of this

article are as follows: (1) from the overall effect, strengthening

environmental regulation can significantly improve the residents’

health; (2) environmental regulation mainly improves residents’

health level by promoting innovation and reducing pollution, but

it will reduce residents’ health to a certain extent through reducing

residents’ income; and (3) the improvement effect of environmental

regulation on residents’ health is very significant among groups with

different educational backgrounds and regions, but the effect is more

intense among people with higher educational qualifications, living

in urban registered residence and regions with higher economic

development levels.

Compared to the existing studies, the possible contributions

of this study are as follows. First, this study uses the entropy

method to construct a variable that reflects the strength of

regional environmental regulation and examines the direct effect

of environmental regulation on residents’ health, which can further

deepen the understanding of health inequality and expand the

research on welfare economics. Second, because we can only

obtain microdata of individual health and macrodata of regional

environmental regulation intensity during the empirical analysis,

this study matched the micro-level survey data of residents’ health

found in the CGSS with information from multiple databases,

such as the environmental regulation and the China Statistical

Yearbook, when performing the empirical simulation. In addition to

studying the overall effect of environmental regulation on residents’

health, this study also analyzed the differences in the effect of

environmental regulation on residents’ health in different groups,

which were divided by education level, registered residence location,

and regional economic development level, and it extended the

research scope from “absolute effect” to “relative effect,” which is

conducive to understanding the inequality of China’s environmental

welfare. Third, this study analyzes the mechanisms of environmental

regulation affecting residents’ health from multiple channels, such

as environmental pollution, innovation, and income, which is

conducive to revealing the impact of environmental regulation on

residents’ health comprehensively.

The structure of this study is arranged as follows: the second

part contains a literature review and theoretical hypothesis; the

third part describes the research design, including the econometric

model, variables, and data; the fourth part offers the empirical results

and robustness test findings; the fifth part contains the analysis of

heterogeneity and a discussion of the influence mechanism; the sixth

part includes the cost–benefit analysis; and the seventh part presents

the conclusions and offers policy recommendations of this study.

2. Literature analysis and theoretical
hypothesis

2.1. Environmental regulation,
environmental pollution, and residents’
health

Since Gerking and Stanley (12) and Lipfert (13) incorporated

environmental factors into the health production function. A large

number of studies have confirmed that environmental pollution

is an important factor affecting residents’ health. Existing research

shows that increasing environmental pollution will increase infant

mortality (14), increase the probability of obesity and other diseases

in children (15), increase the probability of residents suffering from
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cardiovascular disease and lung cancer (16), and improve the degree

of mental depression in the elderly (17). There are even studies

that have found that in areas with higher PM2.5 concentrations, the

mortality of COVID-19-infected people is also higher (18).

Pollution is the main cause of environmental problems that

harm residents’ health. Therefore, reducing environmental pollution

is the most important thing to eliminate the negative impact

of environmental problems on residents’ health. Environmental

regulation is an important public policy for governments to control

environmental pollution, and the impact of environmental regulation

on environmental pollution is also a research hotspot. Existing

studies show that there are three main ways for environmental

regulation to reduce environmental pollution. First, environmental

regulations increase the regulatory costs of enterprises, and high-

pollution and high-emission enterprises have to bear higher

environmental regulatory costs, which will lead to the bankruptcy

and withdrawal of some high-pollution enterprises (5). Obviously,

this will be conducive to the reduction of environmental pollution.

Second, environmental regulations will force enterprises to increase

R&D investment and carry out green innovation, thus reducing

energy consumption and environmental pollution (19). Third,

environmental regulations will encourage enterprises to carry out

industrial transformation and upgrading, and high-pollution and

high-emission industries will be gradually eliminated, which is also

conducive to reducing environmental pollution (7). Many empirical

research results also confirm this view. Wang et al. (20) built a

DID model using the new Air Quality Standards implemented in

China as a quasi-natural experiment to strengthen environmental

regulation and found that strengthening environmental regulation

could significantly improve the air quality by reducing the emission

of sulfur dioxide and PM 2.5. Song et al. (21) made use of China’s

provincial panel data and found that environmental regulation

can directly reduce environmental pollution by reducing enterprise

pollution emissions through mandatory measures and indirectly

reduce regional environmental pollution by promoting technological

innovation and industrial upgrading. Moreover, the direct effect

of environmental regulation on reducing environmental pollution

is greater than the indirect effect. In addition, in areas with

a higher economic development level, enterprises have stronger

innovation abilities, and environmental regulations can better

stimulate enterprises’ innovation abilities and reduce environmental

pollution, thus improving residents’ health level.

It can be seen that environmental pollution has a significant

negative impact on residents’ health, and environmental regulation

can effectively reduce environmental pollution. Therefore,

theoretically, strengthening environmental regulation can

improve residents’ health by reducing environmental pollution

(Hypothesis 1).

2.2. Environmental regulation, innovation,
and public health

Innovation is an important technological driving force to

improve residents’ health. On the one hand, technological innovation

can create a better living environment for residents, such as by

reducing environmental pollution and improving life convenience,

which is conducive to improving public health. On the other hand,

part of the technological innovation can also be directly applied to

the medical and health fields to promote the development of medical

technology and improve the efficiency of the medical management

system so as to improve the health level of residents (22). Camargo

et al. (23) found that information technology can play an effective role

in the prevention and control of Aedes aegypti and related diseases,

thus improving the health level of residents. Georgescu et al. (24)

also found that digital applications have effectively improved the

efficiency of information delivery in healthcare systems and have

played an important role in the fight against COVID-19 in European

countries, thereby protecting the health of their populations.

The impact of environmental regulation on enterprise innovation

has received extensive attention. The most popular Porter hypothesis

holds that appropriate environmental regulations are conducive to

driving enterprise innovation to alleviate the growing cost pressure

brought by environmental regulations (25). Since then, many studies

have explored the impact of environmental regulation on enterprise

and regional innovation from the perspectives of the deterrent effect,

resource compensation effect, and incentive and guidance effect

(11, 26). The deterrent effect of environmental regulation means that

environmental regulation will have a deterrent effect on enterprises’

pollution behaviors by strengthening supervision and punishment.

In this case, enterprises will be forced to actively develop new

technologies, research new products, and develop new industries,

thus improving the regional innovation level (27, 28). The resource

compensation effect refers to the fact that environmental regulations

can help enterprises get innovation returns faster and compensate

innovation costs (25). Innovation is an investment with high risks

and costs, which often requires enterprises to invest a large amount of

research and development costs in the early stages. By implementing

market incentive environmental regulation policies, the government

can not only provide subsidies for enterprises’ innovation and

emission reduction behaviors directly but also establish market

mechanisms, such as a carbon emission trading system, to help

enterprises obtain innovation benefits as soon as possible (29). The

above behaviors can effectively compensate for the R&D costs of

enterprises, thus encouraging enterprises to innovate. The incentive

and guidance effect refers to the fact that when the government

implements environmental regulations, investors and consumers will

pay more attention to the innovation ability of enterprises, especially

the green innovation ability. In this case, enterprises are forced to pay

more attention to improving their own innovation ability, and their

innovation behaviors can also obtain more financial support from

investors, which will encourage and guide enterprises to improve

their innovation level (30).

It can be seen that innovation is an important factor affecting

the health of residents, and promoting innovation is conducive

to improving public health, while environmental regulation can

improve the level of regional innovation through mechanisms such

as the deterrence effect, the resource compensation effect, and the

incentive and guidance effect. Therefore, environmental regulation

can improve the health of residents by improving the innovation level

of enterprises and regions (hypothesis 2).

2.3. Environmental regulation, income, and
public health

Income level is an important economic factor affecting residents’

health. On the one hand, increasing income levels can effectively

improve residents’ living environment, provide more food and other
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daily needs, reduce residents’ living pressure and mental pressure

caused by low income, and thus provide a more healthy living

environment for residents (31). On the other hand, more income

also means that people have a greater ability to treat diseases and

thus avoid being harmed by them (32). Income level is generally

regarded as a control variable affecting residents’ health, and the

positive impact of income on health has been confirmed by many

empirical studies (33, 34). For example, Buckner et al. (35) found that

children from low-income families usually have a higher probability

of being exposed to violent environments, and violent experiences

and environments will significantly damage children’s mental health.

Cai et al. (36) found that both absolute and relative income of

residents have a significant positive impact on residents’ health.

The impact of environmental regulation on residents’

employment and income is mainly reflected in three aspects.

The first is the cost effect, that is, environmental regulation will

increase the institutional compliance cost of enterprises. In order

to comply with the government’s environmental regulation policies,

enterprises have to invest more funds in improving production

technology and strengthening green innovation to achieve energy

conservation and emission reduction, which will inevitably increase

the production cost of enterprises, squeeze the wage cost space of

enterprises, and thus reduce employment or wages (37). The second

is the output effect. Environmental regulation can effectively control

the negative externalities of environmental pollution in production.

The marginal cost of production can be increased by punishing

enterprises’ polluting behaviors or imposing environmental taxes,

especially for some heavily polluting industries, enterprises often

need to bear more environmental regulation costs. If the marginal

production cost is higher than the marginal revenue due to

environmental regulation, enterprises will reduce the production

scale or even stop production. Enterprises will reduce the scale of

production or even stop production, which will inevitably have a

negative impact on residents’ employment and income (38). The

third is the employment structure effect. When faced with stronger

environmental regulation, enterprises often need to invest more

funds in the research of new technologies and new products, which

will increase the demand for high-skilled labor but decrease the

demand for low-skilled labor. However, in the labor market, the

number of low-skilled labor is much larger than high-skilled labor, so

there are far more low-skilled workers in the labor market than there

are high-skilled workers, so more low-skilled workers will lose their

jobs or have to have their wages cut (39).

It can be seen that income is an important economic factor

affecting residents’ health, and increasing income is conducive

to improving residents’ health, while environmental regulation

may reduce labors’ income through cost effect, output effect,

and structural effect. Therefore, we can infer that strengthening

environmental regulation will have a negative impact on residents’

health by reducing their income level (Hypothesis 3).

3. Research design

3.1. Econometric model

As shown in Equation 1, to test the impact of environmental

regulation on residents’ health, this study built the following

econometric model:

Healthi,t = β0 + β1ERp,t + β2controli,t + ηc + εi,t (1)

In Equation 1, Healthi,t reflects the health level of resident i in

the time of t, ERp,t is the intensity of environmental regulation of

province p, where resident i is located in the time of t, controli,t reflects

a series of control variables, ηc is a control for the year fixed effects,

and εi,t is a random disturbance term.

This study needed to focus on the regression coefficient of

ER, namely, β1. When β1 is significantly positive, it indicates

that environmental regulation can improve residents’ health level.

Conversely, when β1 is significantly negative, it shows that

environmental regulation will reduce residents’ health level.

3.2. Variable selection

3.2.1. Dependent variable
The dependent variable used in the study was the self-reported

health level of residents (Health), which is a comprehensive judgment

of interviewees’ health situation according to many factors, including

disease severity, family disease history, and health stability. This

measurement method can meet requirements for the sufficiency of

psychometrics and the reliability and validity of statistics. Therefore,

previous studies on residents’ health adopted similar methods (7).

This study selects the item of “what do you think of your physical

health?” in the CGSS questionnaire to measure the self-reported

health of residents (Health). According to the respondents’ answers,

we reset codes 4, 3, 2, 1, and 0 to correspond to “very good,” “good,”

“fair,” “bad,” and “very bad,” respectively; the larger the value, the

better the self-reported health (Health).

3.2.2. Independent variable
Environmental regulation (ER) is the core independent variable.

To reflect the intensity of formal environmental regulation more

accurately, this study referred to the method used by Fu and Li

(40), which was adjusted to fit the purpose of this study. Specifically,

based on the scale of various pollutant emissions in China and the

availability of data, this study selected four single indicators, namely,

the wastewater discharge compliance rate, SO2 removal rate, smoke

(dust) removal rate, and solid waste comprehensive utilization rate,

to build a comprehensive measurement system of environmental

regulation. First, we carried out linear standardization of the four

single indicators according to the method shown in Equation 2, that

is, the value of each indicator was standardized as (0, 1) so as to

eliminate differences in the measurement of different indicators.

PRijt
′ = [PRijt −min(PRj)]/[max(PRj)−min(PRj)] (2)

In Equation 2, i represents the province (I = 1,2,3,..., 30), j

represents the single indicator of environmental regulation (j =
1,2,3,4), t represents the year, PRijtis the original value of each single

indicator, max (PRj) and min (PRj) are the annual maximum and

minimum values of the four single indicators in each province, and

PR
′
ijt is the standardized value of each single indicator.

Second, we calculated the weight of each single index (ωij).

For different provinces, the proportion of various pollutants is

quite different, so the intensity and weight given by environmental

regulations to different pollutants also vary. Adjusting the weight of
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each single index value can reflect the difference in the governance

of major pollutants in each province. The weight of each single index

may be calculated as follows:

ωijt = (
Eijt

∑

Eijt
)/(

Yit
∑

Yit
) (3)

In Equation 3, ωijt is the weight of pollutant j in province i, Eijt is

the emission of pollutant j in province i,
∑

Eijt is the total emissions

of similar pollutants in China, Yit is the industrial added value of

province i, and
∑

Yit is the national industrial added value. After

obtaining the annual weight of each single indicator, we calculated

the average value of the weight in the selected year.

Finally, using the standardized value and average weight of

each single index, we could measure the intensity of environmental

regulation in each province using the following equation:

Envi =
1

4

∑4

j=1
ωij∗PRijt ′ (4)

The larger the value of Envi, the stronger the intensity of

environmental regulation.

3.2.3. Control variables
Referring to existing studies, residents’ own factors and social

factors were considered in the control variables. In terms of the

residents’ own factors, we considered the residents’ age, gender, and

marital status as the control variables. Existing research shows that

there is a non-linear relationship between age and health: before the

age of 30 years, a positive relationship exists, while after the age of

30 years, health declines with age with an accelerating trend (41).

Furthermore, women’s self-evaluation of health is often lower than

that of men (42). Moreover, marriage can promote a good lifestyle

and improve the health status of residents (43, 44).

Social factors usually include the economic development level

and population of the region. The existing literature shows that,

from the perspective of provincial- or prefecture-level units, the

self-evaluation of health status of residents in socio-economically

developed areas is significantly better than that of residents in

underdeveloped areas (45). The increase in population will lead to

congestion effects, such as rising commuting costs and environmental

degradation, and can reduce the health level of residents (46). In

addition, with the development of green finance in recent years, some

scholars have pointed out that green finance can promote industrial

integration; reduce the proportion of the secondary industry; expand

the scale of the tertiary industry; and improve the competitiveness of

green industries to achieve energy conservation, emission reduction,

and environmental improvement (47). The definitions of related

variables are presented in Table 1.

3.3. Sample selection and data source

Among the data used in this study, themicrolevel data come from

the CGSS, and the original macrolevel economic data come from

the China Statistical Yearbook and provincial statistical yearbooks.

Among them, CGSS survey data from 30 provinces in total across 8

years (2005, 2008, 2010, 2011, 2012, 2013, 2015, and 2017) were used,

and a total of 80,046 samples were finally selected to build the dataset.

The actual per-capita gross domestic product (GDP) and population

values were taken as natural logarithms in the empirical analysis.

Because health indicators have only been included in CGSS survey

data since 2005, the price of the actual per-capita GDP was based on

2005 information.

TABLE 2 Description statistics of variables.

Variable N Mean SD Min Max

AGE 80392 48.058 16.206 17 103

EDU 80390 2.032 1.248 0 4

MAR 80392 0.797 0.402 0 1

ER 80392 0.366 0.17 0.079 1.49

GEN 80392 0.485 0.5 0 1

Health 80392 2.581 1.132 0 4

CHIS 80392 6.619 0.347 5.949 7.607

GFIN 80392 0.172 0.114 0.053 0.759

GDPPC 80392 10.24 0.583 8.557 11.558

LnPOP 80392 8.423 0.597 6.335 9.404

TABLE 1 Definitions of variables.

Variable Symbol Measure of variables

Self-reported health Health Self-reported of physical health in CGSS questionnaire; the larger the value, the better the self-evaluated health

Environmental Regulation ER The intensity of environmental regulation calculated by the entropy method

Age AGE Actual age of residents’ questionnaire

Gender GEN Female= 0, male= 1

Educational status EDU Below primary school= 0, primary school= 1, junior high school= 2, senior high school= 3, college and above= 4

Marital status MAR Unmarried, divorced, or widowed= 0; married, cohabiting, or having a permanent partner= 1

Green finance index GFIN Provincial digital financial index

GDP per capita GDPPC The real GDP per capita at the provincial level takes the natural logarithm

Population size LnPOP The provincial population of the domicile takes the natural logarithm

Change of industrial structure CHIS The change value of industrial structure measured by the vector angle method (47)
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Table 2 shows the descriptive statistics of relevant variables in this

study. It can be seen from Table 2 that the average health level of

residents in this study was 2.578, the minimum value was 0, and the

maximum value was 4, which are basically consistent with the results

of previous research and investigations. In addition, the average value

of Env was 0.366, the minimum value was 0.079, and the maximum

value was 1.49, indicating that there are differences in environmental

regulations in the sample areas. Also, the mean age was 48.126 years,

the minimum age was 17 years, and the maximum age was 103 years,

indicating that the majority of the sample population was middle-

aged or older people. At the regional level, the regional per-capita

GDP, green financial development, and regional population were

heterogeneous in different provinces.

4. Empirical results

4.1. Benchmark regression

As the dependent variable in this study was an ordered discrete

variable, if ordinary least squares regression were to be adopted,

it may cause estimation bias in the regression results. Therefore,

this study used the ologit model for benchmark regression, and

the relevant regression results are shown in Table 3. M3-1 only

took environmental regulation as the explanatory variable in the

model, M3-2 added other control variables to the model, M3-3

controlled the fixed effect of the year, and M3-4 further clustered

data at the individual level. The results show that, in the four

models in Table 3, the strength of environmental regulation had a

positive impact on the resident’s health at the significance level of

1%, that is, strengthening environmental regulation can significantly

improve the probability of residents’ becoming healthier. In addition,

the impact of control variables on residents’ health was consistent

with findings of theoretical analysis and significant at the level

of 1%, which also shows the effectiveness of model setting and

variable selection.

4.2. Robustness test

The above empirical results show that regional environmental

regulation has a significant positive impact on residents’ health.

Considering that randomness may exist in the empirical results, this

section tested their robustness by using the following three methods.

First, we took the first-order lag terms of the variable of

environmental regulation as explanatory variables for regression,

which can not only alleviate the endogenous problem to a certain

extent but also test the dynamic effect of environmental regulation

on residents’ health. As shown in M4-1, when we use the first-order

lag term of environmental regulation as the independent variable,

environmental regulation still has a positive effect on resident’s health

at the significance level of 1%, which also indicates the robustness

of the empirical results. In addition, we also find that the impact

coefficient of environmental regulations in M4-1 is smaller than that

in M3-4, indicating that the impact of environmental regulations on

residents’ health will be weakened after 1 year.

Second, we tested its robustness by changing the regression

model. In this part, we used the probit model to regress, and the result

is shown in M4-2. Specifically, the result shows that the coefficient

of environmental regulation is significantly positive at the level of

TABLE 3 Regression results.

Variable M3-1 M3-2 M3-3 M3-4

Health Health Health Health

ER 0.255∗∗∗ 0.550∗∗∗ 0.784∗∗∗ 0.768∗∗∗

(0.037) (0.042) (0.045) (0.065)

AGE −0.040∗∗ −0.041∗∗∗ −0.039∗∗∗

(0.000) (0.000) (0.002)

GEN 0.270∗∗∗ 0.277∗∗∗ 0.177∗∗∗

(0.013) (0.013) (0.014)

EDU 0.196∗∗∗ 0.190∗∗∗ 0.185∗∗∗

(0.006) (0.006) (0.012)

MAR 0.073∗∗∗ 0.055∗∗∗ 0.058∗∗

(0.016) (0.016) (0.022)

GFIN −0.380∗∗∗ 0.566∗∗∗ 0.559∗∗∗

(0.112) (0.118) (0.114)

LnGDPPC 0.65∗∗∗ 0.672∗∗∗ 0.672∗∗∗

(0.022) (0.029) (0.037)

LnPOP 0.286∗∗∗ 0.201∗∗∗ 0.201∗∗∗

(0.013) (0.013) (0.019)

CHIS 0.302∗∗∗ −0.612∗∗∗ −0.612∗∗∗

(0.051) (0.058) (0.069)

Year N N Y Y

Pro N N N Y

N 80392 80390 80390 80390

Pseudo-R2 0.0002 0.0635 0.0813 0.0852

The parentheses are standard errors, and the standard errors of the model are clustered to the

individual level. ∗∗∗ , ∗∗ , and ∗ indicate significance at the 1%, 5%, and 10% levels, respectively.

Year and Pro means the fixed effect of year and province, respectively.

1%, which also indicates that strengthening environmental regulation

is conducive to improving the probability of residents obtaining a

higher health level.

Third, we changed the robust clustering standard from the

individual level to the provincial level, and the results are shown

in M4-3. It can be seen from the result that the coefficient of

environmental regulation remained significantly positive at the level

of 1%, which also confirms that the benchmark regression results

mentioned above are robust.

Finally, this part also collected the number of environmental trial

cases in each province from the environmental judicial judgements

in China and standardized the number of cases according to the

local population (unit: 100,000) as an alternative measurement of the

intensity of environmental regulation to test the robustness of the

regression. As shown in M4-4 in Table 4, the regression coefficient

is positive and significant at the level of 1%, which indicates that

strengthening environmental justice also has a significant positive

effect on residents’ health levels.

4.3. Heterogeneity analysis

Considering China’s vast territory, the degree of economic

development in different regions is quite different, and the differences
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among residents will also lead to a varying impact on their

health. Different groups of residents have different abilities to use

environmental resources and avoid the negative externalities of the

environment. It is necessary to further study whether there are

significant differences in the impact of environmental regulation on

the health of different groups of residents. In this part, the samples

were grouped according to education level (having a university degree

or not), difference in registered residence location (rural registered

residence vs. urban registered residence), economic development

level of the residence region (taking the average value of regional

per-capita GDP as the standard), and the intensity of environmental

regulation (taking the average value of) and the heterogeneity of

the impact of environmental regulation on residents’ health was

tested, respectively.

The results of the grouping test are shown in Table 5. Although

in different groups, strengthening environmental regulation can

significantly improve the probability of residents obtaining a higher

level of health, this effect still varies among the groups. M5-1 and

M5-2 are the regression results of the groups with less than a college

education and with a college education or above, respectively. The

results show that, in the group with more education, the effect of

environmental regulation on the improvement of residents’ health

TABLE 4 Results of robustness test.

Variable M4-1 M4-2 M4-3 M4-4

Health Health Health Health

ER 0.456∗∗∗ 0.764∗∗∗ 0.177∗∗∗

(0.034) (0.134) (0.018)

ER1 0.518∗∗∗

(0.042)

Control Y Y Y Y

Year Y Y Y Y

Pro Y Y Y Y

N 80390 80390 80390 28111

Pseudo-R2 0.0819 0.0822 0.0837 0.0827

The parentheses are standard errors, and the standard errors of the model are clustered to the

individual level. ∗∗∗ , ∗∗ , and ∗ indicate significance at the 1%, 5%, and 10% levels, respectively.

Control means the control variables, and Year and Pro means the fixed effect of year and

province, respectively.

was stronger. This is because the group with higher education has

a better ability to use environmental resources and avoid the negative

externalities of the environment. Therefore, when environmental

regulation improves the living environment, highly educated people

have greater motivation and ability to use the environment to

improve their health, such as by carrying out fitness activities.

M5-3 and M5-4 are the regression results of the groups with

urban-registered residences and rural-registered residences,

respectively. The results show that the positive effect of

environmental regulation on residents’ health among rural residents

is stronger than it is among urban residents. This is because China’s

environmental pollution is mainly concentrated in urban areas, and

environmental regulation has a greater impact on reducing urban

environmental pollution.

M5-5 and M5-6 are the regression results of samples in regions

with lower and higher economic development levels, respectively.

The results show that, in regions with a higher level of economic

development, the positive effect of environmental regulation on

residents’ health is stronger. This is because regions with more

economic development have stronger technical levels and innovation

abilities. Thus, when faced with environmental regulation, their

ability to reduce environmental pollution through green innovation

and economic transformation is also greater.

4.4. Mechanism test

Theoretical analysis shows that strengthening environmental

regulation may improve the health of residents by reducing

environmental pollution, promoting innovation and raising the level

of residents’ income. To verify this, this study constructed the

following econometric models:

M = λ0 + λ1Envp + λ2Xp + ηc + δp (5)

Healthi = γ0 + γ2M + γ3controli + ηc + τi (6)

Equation 5 is an econometric model to test the impact of

environmental regulation on variables, where p is the province;

M reflects the mechanisms, namely, pollution, innovation, and

income; Envp is the variable measuring the intensity of environment

regulation; and Xp is a group of control variables. In Equation 6, the

variable of environmental pollution was added to the model shown in

Equation 1 as an explanatory variable to test the impact of mechanism

TABLE 5 Heterogeneity tests.

Variable M5-1 M5-2 M5-3 M5-4 M5-5 M5-6

Health Health Health Health Health Health

ER 0.654∗∗∗ 0.527∗∗ 0.629∗∗∗ 0.643∗∗∗ 0.519∗∗∗ 1.024∗∗∗

(0.038) (0.281) (0.071) (0.154) (0.068) (0.106)

Control Y Y Y Y Y Y

Year Y Y Y Y Y Y

Pro Y Y Y Y Y Y

N 67549 12841 41798 38588 43231 37159

Pseudo-R2 0.0721 0.0754 0.0823 0.0857 0.0829 0.0846

The parentheses are standard errors, and the standard errors of the model are clustered to the individual level. ∗∗∗ , ∗∗ , and ∗ indicate significance at the 1%, 5%, and 10% levels, respectively. Control

means the control variables, and Year and Pro means the fixed effect of year and province, respectively.
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TABLE 6 Mechanism test (1).

Variable M6-1 M6-2 M6-3 M6-4 M6-5 M6-6

SO2 NO Dust Health Health Health

ER −1.269∗∗∗ −0.648∗∗∗ −0.649∗∗∗

(0.023) (0.021) (0.018)

SO2 −0.021∗∗∗

(0.001)

NO −0.019∗∗∗

(0.002)

Dust −0.038∗∗∗

(0.004)

Control Y Y Y Y Y Y

Year Y Y Y Y Y Y

Pro Y Y Y Y Y Y

N 64023 52381 63623 64023 52381 63623

R2 0.286 0.319 0.321 0.087 0.094 0.082

The parentheses are standard errors, and the standard errors of the model are clustered to the individual level. ∗∗∗ , ∗∗ , and ∗ indicate significance at the 1%, 5%, and 10% levels, respectively. Control

means the control variables, and Year and Pro means the fixed effect of year and province, respectively.

on residents’ health. If in Equation (5), environmental regulation has

a significant impact on the mechanism variable (M), and in Equation

(6), the mechanism variable (M) also has a significant impact on

residents’ health, it can be shown that M is one of the mechanisms

by which environmental regulation affects residents’ health.

Table 6 shows the regression results of the mechanism test of

environmental pollution. Taking the per-capita SO2 emission, per-

capita nitrogen oxide emission, and per-capita smoke and dust

emission (dust) of each province as the dependent variables to

measure the degree of environmental pollution and taking the

natural logarithm of the dependent variables, we used the model

shown in Equation 5 for regression; the regression results are

shown in M6-1 to M6-3, respectively, and reveal that environmental

regulation has a significant effect on reducing the emissions of SO2,

nitrogen oxides, and dust at the 1% significance level, which also

verifies hypothesis. In M6-4 to M6-6, SO2, nitrogen oxides, and

dust were added as explanatory variables to the model shown in

Equation 6 for regression, and the results show that, in the three

models, environmental pollution significantly reduced the health

levels of residents at the significance level of 1%. These results show

that strengthening environmental regulation can improve residents’

health significantly by reducing environmental pollution, which also

verifies hypothesis 1.

Table 7 shows the test results of the other two mechanisms.

In M7-1, using the natural logarithm of per capita income as the

dependent variable and the intensity of provincial environmental

regulation as the core independent variable, the regression result

shows that environmental regulation reduces the level of resident

income at the significance level of 1%. In M7-2, the residents’ income

is added into the model shown in Equation 6 as an independent

variable, and the regression result shows that the residents’ income

has a significant positive impact on the residents’ health at the

1% significance level. Using the number of patents granted per

10,000 people in each province to measure regional innovation

and taking its natural logarithm as the independent variable, M7-

3 finds that environmental regulation can significantly promote

TABLE 7 Mechanism test (2).

Variable M7-1 M7-2 M7-3 M7-4

Income Health Innovation Health

ER −0.633∗∗∗ 0.131∗∗∗

(0.107) (0.089)

Income 0.026∗∗∗

(0.002)

Innovation 0.035∗∗∗

(0.008)

Control Y Y Y Y

Year Y Y Y Y

Pro Y Y Y Y

N 28111 28111 300 28111

R2 0.081 0.087 0.294 0.082

The parentheses are standard errors, and the standard errors of the model are clustered to the

individual level. ∗∗∗ , ∗∗ , and ∗ indicate significance at the 1%, 5%, and 10% levels, respectively.

Control means the control variables, and Year and Pro means the fixed effect of year and

province, respectively.

regional innovation at the 1% significance level. Similarly, by adding

innovation as an independent variable to Equation 6, the regression

result in M7-4 shows that regional innovation has a significant

positive impact on residents’ health at the 1% significance level. The

above results also indicate that environmental regulation can not

only improve residents’ health by promoting innovation but can

also reduce residents’ health by reducing income, which also proves

hypothesis 2 and hypothesis 3.

4.5. Cost–benefit analysis

The above empirical results show that environmental regulation

has a significant positive effect on residents’ health; however,

Frontiers in PublicHealth 08 frontiersin.org
551

https://doi.org/10.3389/fpubh.2023.973499
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Pei et al. 10.3389/fpubh.2023.973499

the implementation of environmental regulation will also bring

costs and economic losses and even place financial pressure on

some local governments. Hence, local governments also need to

balance economic development and environmental protection when

implementing environmental regulation policies. Therefore, it is also

necessary to take the cost–benefit comparison into account when

evaluating the effects of environmental regulation policies (48, 49).

Existing studies have shown that environmental regulation can

effectively improve environmental quality and then have a positive

impact on improving public health, reducing infant mortality,

improving labor productivity, and reducing the crime rate (50–

53). Based on the cost–benefit analysis method, this part tests the

economic and social costs and benefits brought by environmental

regulation. Referring to the exiting literature, we use health-related

expenditures to measure economic costs and benefits (2), and traffic

accidents and deaths to measure social costs and benefits (54). To

test the economic and social effects of environmental regulation, we

constructed the following econometric models:

Cp,t = β0 + β1Envp + β2controli + ηc + εi (7)

In Equation (7), Cp,t is the variable to reflect social and economic

costs and benefits. To test the economic costs and benefits, we take

the sum of social security, medical, and health expenditures as the

financial expenditures of local governments in China’s provinces as

the macro-level health care costs [marked as MAHC_(p,t)] and use

the per-capita expenditures of social security, medical, and health

as the microlevel healthcare costs [marked as MIHC_(i,t)]. The

regression results are shown in Table 8. In M8-1, environmental

regulation has a significant negative effect on the total fiscal

expenditure in medical and healthcare in each province at the

level of 1%, and similarly, in M8-2, environmental regulation also

has a significant negative effect on the per capita medical and

healthcare expenditure at the level of 1%. The above results indicate

that environmental regulation can effectively reduce medical and

healthcare expenditure from both macro- and microlevels, thus

bringing economic benefits to local government and individuals.

In addition, this part also uses the number of traffic accidents

and the number of injured people caused by traffic accidents in

each province of China to test the costs and benefits brought

by environmental regulation. As shown in M8-3 and M8-4,

environmental regulations have significantly reduced the number of

TABLE 8 Test results of cost–benefit analysis.

Variable M8-1
MAHC

M8-2

MIHC

M8-3
Accidents

M8-4
Injuries

ER −0.189∗∗∗ −0.3226∗∗∗ −0.500∗∗∗ −0.481∗∗∗

(0.013) (0.107) (0.040) (0.044)

Control Y Y Y Y

Year Y Y Y Y

Pro Y Y Y Y

N 300 28456 300 300

R2 0.374 0.109 0.295 0.307

The parentheses are standard errors, and the standard errors of the model are clustered to the

individual level. ∗∗∗ , ∗∗ , and ∗ indicate significance at the 1%, 5%, and 10% levels, respectively.

Control means the control variables, and Year and Pro means the fixed effect of year and

province, respectively.

traffic accidents and the number of injuries in traffic accidents at

the level of 1%, and this also shows that environmental regulations

can effectively increase social benefits. Of course, we can also

analyze the economic and social costs and benefits of environmental

regulation from other dimensions, such as economic development,

tax revenue, corruption, and crime rate, but since these are not the

core issues concerned in this study, this study only analyzes the above

four indicators.

5. Conclusion and suggestions

This study uses CGSS data to match the China Statistical

Yearbook and provincial statistical yearbooks to construct a database

and selects eligible residents as research samples to investigate

the impact of environmental regulation on residents’ health levels.

This study also has some meaningful findings. First, environmental

regulation has a significant effect on improving residents’ health

on the whole. Second, the regression results of the mechanism

analysis show that strengthening environmental regulation can

significantly improve residents’ health by reducing pollution and

promoting innovation, but it will harm residents’ health by reducing

their income. Third, although the positive effect of environmental

regulation on residents’ health is significant among residents with

different characteristics, it is stronger among residents with higher

education experience or who are living in urban or areas with a higher

level of economic development. Finally, through a cost–benefit

analysis, it is found that environmental regulation can significantly

reduce economic costs and increase social benefits.

The conclusions of this study also have some policy implications

for the government to strengthen environmental governance, reduce

environmental pollution, and improve residents’ health. First of

all, residents’ health is an important part of social welfare, and

environmental pollution has a significant negative impact on

residents’ health, which shows that governments should pay more

attention to controlling environmental pollution. For a long time,

many countries, including China, have considered economic growth

to be the primary goal of development. In order to attract

more foreign investments, the government of China continuously

reduced environmental protection standards and neglected the

impact of environmental pollution on residents’ health. It formed a

development model of high energy consumption and high pollution

emissions, which has had a serious negative impact on the health of

local residents and damaged the overall social welfare level of the

country. Therefore, to promote regional sustainable development,

China and other countries going forward should adjust their

development models and pay more attention to environmental

protection by adjusting their development goals, value orientation,

and policies and by abandoning the traditional development

model that considers economic growth as its single goal. Second,

environmental regulation is an important means for the government

to reduce environmental pollution. Moreover, it can also provide a

better living environment for residents by reducing environmental

pollution and promoting innovation so as to improve the health levels

of residents. Other countries could consider making efforts in the

areas of environmental legislation and strengthening environmental

law enforcement. By implementing stricter environmental regulation

policies and penalties, it may promote enterprises to implement green

innovation and reduce environmental pollution. More importantly,

governments should strictly punish those who violate environmental
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protection laws and regulations and should take incentive measures

to promote enterprises to implement green innovation to reduce

environmental pollution. In addition, environmental regulations will

also damage residents’ health by reducing their income. Therefore,

when implementing environmental regulations, the government

should pay more attention to low-skilled people and low-income

groups and take effective measures to increase their income so that

they can avoid being harmed by environmental regulations. Finally,

the impact of environmental regulation on residents’ health level is

also heterogeneous. Residents’ education level, living area, and local

economic development level may affect the improvement effect of

environmental regulation on residents’ health. Therefore, countries

should also pay more attention to developing public education

and improving the education level of residents while implementing

environmental regulation. The government also needs to adopt

measures to narrow the development gap between urban and rural

areas so that more people in underdeveloped areas can also enjoy the

positive spillover effect of environmental regulation.

There are some limitations in this study, which will be further

improved in future research. First, due to limitations on the

availability of data, this study used provincial data to measure

the intensity of environmental regulation and matched it with

microlevel survey data, which failed to reflect the differences in

the intensity of environmental regulation among regions within

each province. In future, we will try to match the data of

prefecture cities with microlevel data. Second, in the mechanism

analysis, we considered the effects of environmental regulation

on reducing environmental pollution, promoting innovation, and

reducing residents’ income. In future research, wewill try to reveal the

mechanisms of environmental regulation that affect residents’ health

more comprehensively and provide more effective policy suggestions

for improving residents’ health through the implementation of

environmental regulation.
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Infrastructure system in the U.S. have been shown to be linked to social and

health inequities. We calculated driving distance to the closest health care

facility for a representative sample of the U.S. population using ArcGIS Network

Analyst and a national transportation dataset, and identified areas where Black

residents have a longer driving distance to the closest facility than White residents.

Our data demonstrated that racial disparities in access to health care facilities

presented large geographic variation. Counties with significant racial disparities

were concentrated in the Southeast and did not correspond to counties with

a greater proportion of the overall population >5 miles to the closest facility,

which were concentrated in the Midwest. This geographic variation demonstrates

the need to adopt a spatially explicit data driven approach in the design of

equitable health care facility establishment that address the specific limitations of

the local infrastructure.

KEYWORDS

racial disparities, GIS, health equity, health care infrastructure, health care access

Introduction

Infrastructure system in the U.S. have been shown to be linked to social and health

inequities (1, 2). This has been highlighted by the COVID-19 pandemic, which has

caused disproportionate health and economic harm to racial minority groups and socially

disadvantaged communities (3). The objective of this study was to calculate driving distance

to the closest health care facility for a representative sample of the U.S. population, and

identify areas where Black residents have a longer driving distance to the closest facility than

White residents.

Methods

We obtained the addresses of community pharmacies from the National Council for

Prescription Drug Programs, addresses of federally qualified health centers from the Health

Resources and Services Administration, and of rural health centers and hospital outpatient

Frontiers in PublicHealth 01 frontiersin.org555

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.897007
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.897007&domain=pdf&date_stamp=2023-04-11
mailto:guoj1@ufl.edu
https://doi.org/10.3389/fpubh.2023.897007
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2023.897007/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Guo et al. 10.3389/fpubh.2023.897007

FIGURE 1

Proportion of population with a driving distance to the closest

facility ≥ 5 miles, by county. The map represents the proportion of

population in each county with a driving distance >5 miles to the

closest health care facility.

departments from Centers for Medicare and Medicaid Services.

The U.S. population was characterized with the 2010U.S. Synthetic

Population developed by RTI International (4).

For a 1% sample of the synthetic population (n =
2,982,544), we computed driving distance to the closest

facility using ArcGIS Network Analyst and a national

transportation dataset (5). For each county, we calculated

the proportion of the population with >5 miles distance to

the closest facility, and the odds ratio of having a distance

>5 miles to the closest facility for Black compared to

White residents.

Findings

The mean (median) number of health care facilities

per county was 22 (7). In 889 counties, over 50% of the

population had a driving distance >5 miles to the closest

facility (Figure 1). These counties were concentrated in

the Midwest.

Black residents were significantly more likely to live >5

miles to the closest facility than White residents in 56 counties

(Figure 2). These counties accounted for a total population of

8.3 million and included 18 counties with more than 100,000

residents. The highest concentrations of these counties were in

Mississippi (10 counties), Virginia (10), Louisiana (5), South

Carolina (5), and Georgia (3). In 233 additional counties, Black

residents had higher odds of living >5 miles to the closest facility

than White residents, but the difference was not statistically

significant. These counties accounted for a total population of

21 million.

FIGURE 2

Counties with disparities in access to health care facilities. The map

represents counties where Black residents had higher odds of having

a driving distance >5 miles to the closest health care administration

facility, compared to White residents. Red indicates counties where

these disparities were significant at the p < 0.05 level.

Discussion

Racial disparities in access to health care facilities present large

geographic variation. Counties with significant racial disparities

were concentrated in the Southeast and did not correspond to

counties with a greater proportion of the overall population >5

miles to the closest facility, which were concentrated in the

Midwest. This geographic variation demonstrates the need to

adopt a spatially explicit data driven approach in the design of

equitable health care facility establishment that address the specific

limitations of the local infrastructure.

Individuals’ socioeconomic status, such as income and

education attainment, has been the focus of discussion around

barriers to health care access and quality of care among racial

and ethnic minority groups, including Black Americans (6).

These discussions have often ignored how proximity to healthcare

facilities present additional barriers to accessible care. Our

geographic information system analysis can guide public health

officials to identify areas that necessitate additional infrastructure

as well as innovative community partnerships for equitable health

infrastructure access. This is of utmost importance to prevent

the historical disparities in access to healthcare from further

magnifying disparities during public health crisis such as COVID-

19 pandemic.

The strengths of the study include nationally representative

samples, and the identification of geographic variation in racial

disparities in spatial access to health care facilities. Nevertheless,

our study is subject to limitations. Non-significant disparities

are presented because our 1% sampling of the US population

may have resulted in under-power to detect disparities among

nonmetropolitan counties at the statistical significance level. Due
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to lack of ethnicity data in the U.S. synthetic population, it was not

possible to estimate access for Hispanic residents.

Our data demonstrates the structural inequities in access to

the existing health care infrastructure across racial groups. These

inequities should be addressed through the establishment

of high-quality health care facilities in under-resourced

communities, the expansion of public transportation, and

improved community partnerships.
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