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The Bootstrap Autoregressive Distributed Lag (BARDL) cointegration model
used to examine whether there is a short and long-run relationship between
health expenditure per capita Environmental Sustainability is measured by
CO2 emissions per capita (CO2), GDP per capita (GDPPC), and Green
Energy is measured by Electric Power Consumption per capita (GEPC) in
Saudi Arabia using annual time-series data from 1995 to 2021. The
significant results show no long-term cointegration relationship between
Saudi Arabian variables. Therefore, the Bootstrap ARDL Bound Test offered
significant empirical support for the validity of no cointegration between the
variables. The empirical data show a unidirectional relationship between GDP
per capita and health expenditure, green energy and CO2 emissions per capita.
The data also show a bidirectional relationship between health expenditure and
CO2 emissions and GDP per growth, whereas the same relation hold between
green energy and economic growth. These findings would attract policymakers
to expand economic growth and development’'s environmental and health
benefits. Moreover, to reduce the effects of global warming without
affecting environmental health or the country’'s long-term economic
prosperity.

KEYWORDS

health expenditure, environmental sustainability, economic growth, green energy,
bootstrap ARDL test JEL: R11, 115, P18, Q56

1 Introduction

Global precipitation and temperature elevation are influenced by climate change
caused by rising greenhouse gas emissions. Climate change is an undeniable reality that
severely threatens the long-term viability of humanity, society, the economy, and the
environment. High greenhouse gas concentrations, climate change, and the impact of
global warming on public health demonstrate a significant relation (Wang C.-M. et al,
2019). Urbanization, industrialization, and increased economic growth are associated
with worsening air quality, resulting from the emission of various air pollutants into the
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environment. This environmental health deterioration brings
impacts health. Recently, the
between growth,  environmental
degradation, and healthcare expenditure in developed and

detrimental on people’s

association economic
developing countries has received increased attention in the
literature (Yue et al., 2021).

Because of the expanding international awareness of the
strong relationship between economic growth and health, the
contribution of health economics is becoming increasingly
important. Furthermore, child mortality is essential for socio-
economic development because childhood health is one of the
most important indicators of later life health and productivity.
Several upstream variables, such as the environment, economic
area, and parents’ level of education, have been explored in the
context of factors driving high child mortality worldwide. At the
same time, nations have focused policies on healthcare
expenditures, recognizing that countries with high healthcare
spending have succeeded in decreasing mortality rates.

Inequality, unemployment, and low incomes are critical
difficulties

environmental protection organizations. Furthermore, leaders

economic facing emerging nations and
in emerging countries are attempting to boost low-income
households, which will bring additional negative repercussions
such as global warming, natural resource depletion, and
contamination of the environment (Ahmed et al., 2022).

Saudi Arabia is the world’s second-biggest country in proved
oil reserves, with 267.1 billion barrels, accounting for 17.2% of
global oil reserves, expected to total 1.55 trillion barrels by 2020.
Environmental protection challenges in Saudi Arabia are
inextricably linked to the Saudi population’s energy and oil
consumption behavior. Saudi Arabia’s total oil consumption is
quickly increasing, with energy consumption per capita reaching
6.8 tons of oil equivalent in 2021, four times the global average

(Alkhathlan & Javid, 2015). The Saudi Arabian economy

25000

20000

T
_8_ N
adia RS

[ N
o~

15000
10000

5000

2010

2015 2020 2025

—e—hepc —e—gdppc @— co2 gepc
FIGURE 1

Relationship between CO2 emissions, Economic Growth
(GDPPC), Health Expenditure (HEPC) and Green Energy (GEPC) for

the period 1995-2021.
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depends on fossil fuel production. Globally, it ranks among
the world’s ten largest emitters (Ahmed et al., 2016; Omri
2022).
consequences that encounter this development.

In 2016, CO2 emissions in Saudi Arabia had fallen after
increasing, partially due to lower oil consumption in the

et al, Adverse health outcome is one of the

electricity sector. As a result of the ’ ’country’s effective use of
energy, CO2 emissions have constantly increased alongside
industrial,  residential,  agricultural, = commercial, and
The CO2 fluctuated

through the years; the maximum emission was 19.38 tons per

transportation activities. emissions
capita in 2015, decreasing to 17 in 2021 (Figure 1).

Saudi Arabia’s GDP per capita averaged 44,500.37 US dollars
from 1990 to 2020, with a low of 38,170.22 US dollars in 2002 and
a high of 48,921.21 US dollars in 2015. The most recent value
from 2020 is 44,328.18 USD. In 2020, the world average based on
175 nations was 19,632.86 US dollars (https://data.worldbank.
org/country/SA, 2021). The combined effect of an increase in
both GDP and health expenditure caused changes in the ratio of
health expenditures to GDP.

Increasing population and economic advancement have
gradually increased energy consumption throughout time. As
a result, these have become some of the most important factors of
economic growth. Researchers, politicians, and governments
have paid close attention to energy consumption. Since the
1970s, evaluations have focused on energy’s practical and
theoretical elements. Power is a clear distinction, defined as a
profitable commodity or a production factor required to keep the
production process running (Ferguson et al., 2000). Because of
the critical significance of energy in people’s and society’s lives,
Saudi Arabia’s electricity sector has received particular attention
as part of the country’s remarkable development renaissance
(Abdel-Aal et al.,, 1997). Saudi Arabia’s primary energy resources
are fuel and electricity, as it is primarily an oil-producing country.
Saudi Arabia’s economy has progressed due to a focus on the
component industries. Such a focus is ascribed to the more
significant economic benefits of using electricity instead of
other energy sources (Al-Garni et al., 1994).

Saudi Arabia was chosen as the subject for this study because
its strong economic and industrial development has significantly
increased health expenditure and CO2 emissions. In recent years
during the COVID-19 pandemic, historically high international
oil prices and substantial local fuel subsidies have influenced
current economic development and high health expenditure.
Furthermore, this research deals with the most important
economic factors affecting the environmental deterioration
health
population, and GDP per capita. Therefore, this study

represented by CO2  emissions, expenditures,
includes the ecological dimension when analyzing economic
relations.

Understanding the relationship between health expenditure,
economic growth, and CO2 emissions as a measure of

environmental degradation provides critical evidence of the
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impact of financial challenges. Developed and developing
countries are susceptible to global warming consequences due
to rising energy consumption and the resulting CO2 emissions.
Aside from a small amount of research on the overall direction of
the causal relationship between health expenditure, economic
growth, green energy, and CO2 emissions, there has been no
previous research on Saudi Arabia utilizing the bootstrap ARDL
bound test.

As discussed the importance of health expenditures, Saudi
Arabia is not a different case. Health is the basic element for
increasing life expectancy; therefore, it is crucial to empirically
test the key determinants that determine, deteriorate or even
further boost health expenditures.

The main motivation of this study is based on 1) To
empirically test the impact of income on health expenditures
for Saudi Arabia from 1995 to 2021, 2) to test the role of green
energy in terms of health expenditures 3) to check the role of
carbon emissions and how it can be crucial in terms of health
expenditures. To achieve these objectives, the current study
should use the Bootstrap autoregressive distributed lags model
(BARDL), a novel strategy approach developed by (McNown
et al., 2018).

The paper is separated into five sections. Section 2 presents a
review of the literature. The data and methods used are described
in Section 3. Section 4 shows the results and discussion, and
Section 5 concludes the research.

2 Literature review

Studies indicated a long-term cointegration link between
health expenditure and economic growth. A study of twenty
Pacific and Southeast Asian developing countries (Rizvi, 2019),
discovered that increasing health expenditure leads to improved
economic growth when adjusted for the quality of government
expenditures (Sarpong et al., 2020). found that an increase in
health expenditure led to a rise in economic development
according to a study of 35 Sub-Saharan African countries.

In contrast, health spending does not impact child health in
low-income and lower-middle-income countries. Research has
also revealed that health expenditure influences mortality rates
more significantly than private spending at lower development
levels. In contrast, personal health spending has a favorable
impact on child mortality at higher development levels.

In their study of more than 70 developing countries
(Khaleghian & Gupta, 2005), found that health expenditure
significantly influences the poor in low-income countries more
than in high-income countries. The returns on health investment
are greater in low-income countries. While economic growth is
one of the main determinants of health outcomes in developing
health
significant impact, according to (Bokhari et al., 2007). Several

countries, government expenditure represents a

studies found a dependent causality between the variables
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the
CO2 emissions, and economic growth. According to (Begum

regarding relationship between population,
et al,, 2015), the effect of population increase on CO2 emissions
in Malaysia is positive but small. In Malaysia, population
expansion was not a critical factor influencing CO2 emissions.

Meanwhile, from 1970 to 1980, per capita GDP had a
negative impact on per capita CO2 emissions in Malaysia.
This indicates that an increasing per capita GDP reduces per
1980 to 2009,

CO2 emissions positively affected GDP per capita. This result

capita CO2 emissions. However, from

suggests that per capita GDP grows with per capita
CO2 emissions.

The autoregressive distributive lag (ARDL) model was used
to analyze the dynamic links between CO2 emissions, health
expenditures, and economic development in gross fixed capital
creation and per capita trade for Pakistan from 1995 to 2017.
Their findings reveal strong long- and short-term causal links in
Pakistan between health expenditure, CO2 emissions, and
economic development. Granger causality is seen in a
bidirectional relation between health expenditures and
CO2 emissions and health expenditures and economic growth.
Short-term unidirectional causation connects carbon emissions
to healthcare expenditure. The bidirectional causal link between
carbon emissions and development is also explored (Wang Z.
et al., 2019).

(Li et al, 2022) studied the association between health
expenditures, CO2 emissions, and GDP variations in BRICS
nations from 2000 to 2019 using the Fourier autoregressive
distributed lag (ARDL) model. Small samples can benefit from
tighter inspection findings thanks to the Fourier ARDL model’s
bootstrap repeated simulation computations. They revealed that
Brazil and China had cointegration linkages between health
expenditure, CO2 emissions, and economic development in
the long run. In the near term, there is a negative causal
COo2 and health

expenditure, with health expenditure and economic growth as

association between India’s emissions
independent variables; other nations only exhibit a one-way
relationship between CO2 emissions, health expenditure, and
economic growth.

From 1995 to 2013 (Chaabouni & Saidi, 2017), studied the
causal association between CO2 emissions, health expenditure,
and GDP growth in 51 countries (divided into low-, middle-, and
high-income countries). This link is investigated using dynamic
simultaneous-equations models and the Generalized Method of
Moments (GMM). The findings are significant, showing that the
three factors have causation. The empirical results reveal a
bidirectional correlation between CO2 emissions, GDP per
capita, health expenditure, and economic growth for the three
groups of estimates. The findings also show a unidirectional
correlation between CO2 emissions and health expenditure in
low-income countries.

Researchers have also examined the causal linkages between
healthcare expenditure and economic growth (Wu et al., 2020).

frontiersin.org
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(Piabuo & Tieguhong, 2017) discovered a bi-directional
correlation between growth and health expenditure in nations
with lower health expenditure but only unilateral causality in
countries with higher health expenditure.

(Hassan & Kalim, 2012) used the Autoregressive Distribution
Lag Model (ARDL) bound and Granger Causality tests to
examine long-run association and triangular causality among
real GDP per capita, education expenditures, and per capita
health expenditures in Pakistan from 1972 to 2009. Their
findings revealed that bidirectional granger causality exists
GDP  per per
expenditures, and per capita health expenditures in the

between real capita, capita education
long term.

Environmental health, economic growth, and environmental
quality are several factors that affect the health of a population.
As world ecological quality deteriorates, healthy living poses a
severe challenge (Ahmad et al., 2021). argued that the cost of
health care is affected by the increased environmental pollution
caused by CO2. Therefore, governments must fund outstanding
health care, as health expenditures are steadily rising. Some
studies (Dogan & Seker, 2016) (Shahzad et al., 2020) (Ullah
et al., 2019; Ullah et al., 2020) have used the EKC framework to
investigate the relationship between environmental and
economic variables such as CO2, carbon footprints, trade
openness, urbanizations, democracy, financial crises, and
Shahbaz (2019)

performed a literature review on EKC for CO2 emissions, and

energy sources. Moreover, and Sinha
the findings demonstrate that EKC estimation for CO2 emissions
is still unclear (Shahbaz & Sinha, 2019).

In the case of Saudi Arabia (Samargandi, 2017),
demonstrates the autoregressive distributed lags (ARDL)
approach, disproving the Environmental Kuznets Curve
(EKC). The results show that economic growth promotes
CO2 emissions, and a quicker rise in CO2 emissions relates
to value addition in the industrial and service sectors.
Furthermore, significant technological advancements in the
manufacturing process would reduce CO2 emissions while
supporting economic growth.

Numerous studies have empirically explored the relationship
between economic growth and environmental degradation
(CO2 emission) (Al Mamun et al, 2014; Alam et al., 2016;
Asumadu-Sarkodie & Owusu, 2017; Ahmad et al., 2018;
Haberl et al., 2020; Mahmood et al., 2020; Petrovié¢-Randelovié
et al., 2020; Azam et al., 2021; Karimi et al., 2021; Khan et al.,
2021). (Halicioglu, 2009) investigated the relationship between
CO2 emissions and Turkey’s economic growth using the ARDL
bound test cointegration approach and Granger causality
(Saboori et al., 2012). used an ARDL bound technique to
examine the causal association between GDP growth and
CO2 emissions in Malaysia and discovered unidirectional
identify a
CO2 emissions and economic development in Singapore and

causation to considerable linkage between

Thailand in the long run, which supported the EKC hypothesis.
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In contrast (Goh et al., 2017), re-examines the energy-growth
link for 22 OECD nations from 1966 to 2013 using a current
bootstrap autoregressive distributed lag approach. For eight
countries, the empirical findings reveal degenerate situations.
Only Japan has a cointegrated economy. Studies have found a few
causality patterns. On the other hand (Petrovi¢-Randelovi¢ et al.,
2020), found a bidirectional long-run causal relationship between
CO2 emissions and GDP.

Using the novel bootstrap autoregressive-distributed lag
(BARDL) technique and time-series data from 1990 to 2018
(Meirun et al, 2021), found a trade-off between financial
development and environmental deterioration typically occurs
for an economy to succeed in growth. For a nation like Singapore,
which has seen rapid expansion and is recognized for its dense
population, one must investigate the role of green technology
innovation in achieving economic excellence at the lowest
possible environmental cost. The results showed a positive
and significant relationship between green technology
innovation and economic growth and a negative and
meaningful relationship with carbon emissions in the long
and short run.

Most previous research looked at the bilateral association
between CO2 emissions, GDP, and health expenditure. Over the
last decade, various scholars have followed the Environmental
growth

environmental quality, with the first empirical analysis based

Kuznets Curve (EKC) between economic and
on (Grossman & Krueger, 1995). The empirical study’s second
pairing indicates that many different types of research have been
conducted on the relationship between health expenditure and
GDP. Previous economists investigated ways to estimate
healthcare demand and distribute resources based on income
elasticity. Finally, the third linked empirical investigation
examined the relationship between CO2 emissions and health
expenditure (Apergis et al., 2018).

In studying the relationship between economic growth and
CO2 emissions (Al Mamun et al,, 2014), studied the causality
between CO2 emissions per capita and economic development
from 1980 to 2009. Environmental Kuznets Curve (EKC) is a
global phenomenon, except in high-income countries. According
to empirical findings, the transformation of different economies
toward a service economy has produced more pollution in high-
income countries and less pollution in low- and middle-income
countries.

Many studies look for a one-way causal relationship
between CO2 emissions and health expenditure and
discover a positive correlation. However, only a few
practical studies (Abdullah et al., 2016; Wang C.-M.et al,,
2019; Bilgili et al., 2021) have focused on the two-way causal
relationship between CO2 emissions and health expenditure,
including some relevant and supported research on the
CO2 health

expenditures. Greenhouse gas emissions raise health care

relationship ~ between emission  and

expenses considerably, according to (Yahaya et al.,, 2016),
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who examined panel data from 125 countries (Metu et al,
2018); and (Abdullah et al., 2016) confirmed these results.
Furthermore, a significant positive relationship between
health expenditures and CO2 emissions was established by
(Bldzquez-Fernandez et al., 2019; Chen et al., 2019; Giindiiz,
2020).

Because of the increase in infectious illnesses caused by air
pollution, the influence of climate change on health has lately
become a topic of discussion (Khan A. et al., 2020; Khan S. A.
R.etal., 2020). The body of knowledge regarding the factors of
health expenditure is consistently growing. Climate change
has undeniable detrimental health consequences.

Previous studies have looked at the relationship between
economic growth and pollution. EKC research reveals much
about the relationship between expansion and pollution (Bilgili &
Ulucak, 2018). The association between health expenditure and
environmental variables has been the focus of an essential aspect
of the investigation. Researchers have paid less attention to this
spectrum than to the EKC literature. For example (Zaidi & Saidi,
2018), established a two-way causal relationship between health
expenditure and CO2 emissions.

(Khan et al., 2016) investigated health expenditure and per
capita income. They stated that economic maturity occurs
later in the economic cycle when diseases are less common.
Their analyses revealed a connection between CO2 emissions
and per capita health expenditure. Using the ARDL
cointegration model (Wang C.-M. et al., 2019), investigated
the relationship between health expenditure, CO2 emissions,
and GDP per capita in 18 OECD countries from 1975 to 2017.
They
expenditure and CO2 emissions.

showed bidirectional causation between health

In Chinese provinces, the short- and long-run relationship
between economic growth and CO2 emissions was examined by
(Sheng et al,, 2020). They find different results depending on the
level of development in each area. A positive short-run causality
between the two variables was found in areas at low and high
levels of development; on the other hand, a negative casualty
relationship is found in areas at an intermediate level of
development.

(Joshua & Bekun, 2020) use yearly data from South Africa
to investigate the link between energy consumption,
CO2 emissions, and economic growth to support the
relationship between energy and growth (Ahmad et al,
2016; Bekun et al., 2019; Hanif et al.,, 2019; Zhang et al,,
2019; Abbasi et al., 2020; Adedoyin et al., 2020; Wasti & Zaidi,
2020). Highlight the impact of energy consumption and
economic growth on CO2 emissions.

(Radmehr et al,, 2021) found a unidirectional flow from
renewable energy to CO2 emissions using panel spatial
simultaneous equations models using the European Union
data from 1995 to 2014. They discovered that non-renewable
energy increases CO2 emissions in OECD nations, although
renewable energy decreases CO2 emissions.
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To construct a panel-corrected standard error correction
investigate the connection between energy
consumption, CO2 emissions, and GDP Growth in OECD
and “Belt and Road” initiative countries (Kongkuah et al,
2021) The
discovered that although the OECD economic development
rate is higher than that of the “Belt and Road” countries,
CO2 emissions are also higher.

model and

employed Paris-Winsten regression. study

The relationship between energy consumption, carbon
dioxide emissions, and economic growth in Thailand was
examined by (Adebayo & Akinsola, 2021) employing wavelet
coherence analysis on time-series data from 1971 to 2018.
the
development caused adjustments in the frequency of carbon

According to findings, variations in economic
dioxide emissions. Furthermore, GDP growth is strongly
connected with short-term and long-term CO2 emissions.
Based on the initial review, determining the cause of
increased CO2
CO2 emissions, improve the environment, and safeguard the
health of individuals in the country (Ahmed et al., 2022).

The direction for the association between health expenditure

emissions  helps  policymakers reduce

per capita, Environmental Sustainability (CO2 emissions per
capita), GDP per capita, and Green Energy (Electric Power
Consumption per capita) showed dissimilarities between
countries. Therefore, in this study, we contribute to the
existing literature by providing an empirical perspective for
Saudi Arabia using Bootstrap Autoregressive Distributed Lag
(BARDL) cointegration model; and comparing its results to the
available literature. Our results provide evidence for policy maker
to develop and implement strategies to reduce Co2 emissions.

Hence, achieve the carbon emission reduction goal by 2030.

3 Data and methodology
3.1 Data

This paper applies annual time-series data from the World
Bank database (https://data.worldbank.org/country/SA, 2021)
over the period of 1995-2021 for Saudi Arabia. The included
variables have been used to explain the relationships between
health expenditure per capita (HEPC), CO2 emissions per capita
(CO2), GDP per capita (GDPPC), and Green Energy is measured
by (Electric Power Consumption per capita) (GEPC).

3.2 Unit root tests

In this study, the Augmented Dicky Fuller (ADF) (Dickey &
Fuller, 1981), (Dickey & Fuller, 1979) and Philips-Perron (PP)
unit root tests (Phillips & Perron, 1986) (Phillips, 1987) (Phillips
& Perron, 1988) are used to check the stationarity (Unit Root
Test) of the time series data of health expenditure per capita

frontiersin.org
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(HEPC), CO2 emissions per capita (CO2), GDP per capita
(GDPPC), and Green Energy is measured by (Electric Power
Consumption per capita) (GEPC).

3.3 The ARDL bounds test approach

The autoregressive distributed lag (ARDL) bound test
model was utilized. It is also significant as it is much more
efficient in a limited sample size. The ARDL technique is
used to investigate the long-run causal relationship between
health expenditure per capita (HEPC), CO2 emissions per
capita (CO2), GDP per capita (GDPPC), and Green Energy is
measured by (Electric Power Consumption per capita)
(GEPC), regardless of whether the variables are I (0) or I
(1). Lags of dependent and independent (explanatory)
variables are present in the ARDL model, a traditional
with the
relationship between the variables. It is employed to

least squares regression model lags for
investigate the cointegration relationship among the
variables (Pesaran & Shin, 1995) (Pesaran et al., 2001).
Therefore, the ARDL technique with three variables is as

follows (Eq. (1)):

AlnHEPC, = ay + biInHEPC,_; + b,InGDPPC,_; + b; InCO?2,_;
+b, InGEPC,; + ) | o AlnHEPC, ;
+ Y7 ayAInGDPPC,; + Y © azAlnCO2,.,
+ )" ayAInGEPC, ; + uy,
(1)

The first difference operator is Athe natural logarithm,
and (u;) is the residual term. The null hypothesis is Hy :
o) = oy = 3= 0 and alternative hypothesis Hy: o) # ap # a3 #
0, reflecting the long-term relationship between health
expenditure per capita (HEPC), CO2 emissions per capita
(CO2), GDP per capita (GDPPC), and Green Energy is
measured by (Electric Power Consumption per capita)
(GEPCQ).

3.4 The bootstrap (BARDL) bound test

This study employs a specific (ARDL) econometric
methodology to examine the association between health
expenditure, CO2 emissions, energy consumption, and
economic growth in Saudi Arabia. Since (Pesaran et al,
2001) established their (ARDL) bounds test, it has
undergone several transformations that have recently
improved this test using bootstrap approaches (McNown
et al., 2018). The newly created bootstrap (BARDL) bound
test has various advantages over the traditional (ARDL)
bound test (Pesaran et al., 2001).
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(McNown et al., 2018) use the bootstrap approach to
evaluate the ARDL cointegration tests, concluding that
appropriate power and size attributes must be considered
when running these tests. Such an approach is better for
small samples. Also, it does not require all series to be
integrated into the same order, either I(0) or I(1), in a
long-term association. Moreover (McNown et al., 2018),
improved the ARDL bound test by using a lagged
independent variable to support the present (F-test and
t-test) proposed by (Pesaran et al., 2001). The Bootstrap
(BARDL) bound test is better than the classical ARDL
and the
cointegration status of the series in the model. According

approach based on power, properties, size,

to (McNown et al., 2018), the two degenerate situations are as

follows:

1) If the F-test and t-test on the lagged independent variable
are significant, the t-test on the lagged dependent variable
is insignificant.

2) If the F-test and t-test on the lagged dependent variables
are significant, the lagged independent variables are not.
3.5 Granger causality test based on

the
causality, at least in one direction; it does not indicate the

Cointegration indicates presence of Granger
direction of causality between variables. In this case, the
direction of causality can be detected through the error
correction model (ECM) derived from the long-term
cointegrating vectors.

The short-term causal effect can be interpreted through
the F- statistics and t-statistics, while long-run causal effects
can be analyzed through the t-statistics of error-correction
term that applies to ECM only. The common causal effect can
be seen through F-statistics, t-statistics of independent
variables and t-statistics of error correction terms.

Unidirectional causality exists from X to Y if the set of
estimated coefficients of the lagged X is significantly different
from zero and the location of estimated coefficients of lagged
Y is not significantly different from zero. Bidirectional
causality occurs from X to Y if the set of estimated
coefficients of the lagged X is very different from zero and
vice versa. An independent basis exists from Y(X) to X(Y) if
the estimated coefficients of the lagged Y(X) are not
significantly different from zero. Causal relationships can
be examined through the t-statistics of the regressor. If
statistically significant, causality exists. It can also be
determined by performing the Wald and Granger causality
tests (Granger, 1980; Pesaran & Shin, 1995). The VECM
approach with three variables is specified as follows (Eq. (2)):

frontiersin.org
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TABLE 1 Descriptive statistic.

Stats LGEPC LHEPC LGDPPC LCO2
Mean 6.30 2.62 8.79 9.58
Median 6.24 2.58 8.76 9.60
Minimum 5.31 2.36 8.29 8.93
Maximum 7.38 2.87 9.22 12.26
Standard Deviation 0.68 0.17 0.29 0.66
Kurtosis -1.49 -1.60 -1.15 7.02
Skewness 0.14 0.09 0.00 1.92
Jarque-Bera -5.98 —-6.14 -5.54 6.18
p - Value 1.00 1.00 1.00 1.00
Count 27 27 27 27
TABLE 2 ADF unit root tests.
Variables At level At first difference
ADF test PP test ADF test PP test
LGDPPC -1.196 —0.965 -5.051 -4.983
LHEPC -0.733 -0.738 —4.960 -4.969
LCO2 —-0.736 —-0.654 -6.214 —6.158
LGEPC -1.055 -1.036 -3.964 -4.120

Notes: p-value is shown in the bracket. *shows significant values at a different
significance level at 1%, 5% and 10%. *(MacKinnon, 1996) one-sided p-values.

AIRHEPC, = ay + | o AINHEPC,; + Y " a;;AINGDPPC, ;
+ Z?:locz,mncoz,_1 + Z?:I%»AlnGEPC,_i
+y, ECM,_; +uy,
()

4 Discussion and empirical results

Table 1 shows the descriptive statistics of the per capita
health expenditure, CO2 emission per capita, GDP per capita,
and Energy Consumption per capita in Saudi Arabia from
1995 to 2021. The results indicate that the per capita

TABLE 3 Zivot- Andrews Unit Root results.

10.3389/fenvs.2022.993634

healthcare expenditure standard deviation (SD) is the largest
and the lowest GDP per capita standard deviation (SD).
According to the Jarque-Bera statistics, all study variables
have a normal distribution.

Unit Root test results have been reported in the following
(Table 2). The Augmented Dicky Fuller ADF test (Fuller, 1976)
(Dickey & Fuller, 1981), (Dickey & Fuller, 1979) and Philips-
Perron (PP) unit root tests (Phillips & Perron, 1986) (Phillips,
1987) (Phillips & Perron, 1988) results indicate that health
expenditure per capita (HEPC), CO2 emissions per capita
(CO2), GDP per capita (GDPPC), and Green Energy is
measured by Electric Power Consumption per capita (GEPC)
are stationary at the level I (0) and at the first difference I (1).

The findings of (Zivot & Andrews, 2002) unit root test in the
presence of a structural break is presented in Table 3. Despite
catching one endogenously determined gap in the data, the
(Zivot & Andrews, 2002) unit root test result showed that all
the variables under investigation possess unit root. Although all
the variables were stationary at the first difference, this empirical
evidence suggested that the series was non-stationary at the level.
Therefore, given the associated breakpoints, it may be said that
the (Zivot & Andrews, 2002) unit root tests pass.

It is necessary to determine the lag order selection criteria,
such as the Akaike Information Criterion (AIC), Schwarz
Bayesian Criterion (SC), or Hannan-Quinn Criterion, to select
the appropriate ARDL bounds testing model of the long-run
equation (HQ) (Table 4). shows that lag (4) is the best lag length
for evaluating cointegration in the long-run ARDL bounds
model. However, according to (AIC) (HQ) and (SBIC), we
found that lag order 4 is suitable for our model data and is
normally distributed.

Since all variables are integrated, we use the Bootstrap ARDL
bound test approach to check the cointegration in the case of
Saudi Arabia. In Table 5, the results of the Bootstrap ARDL
cointegration test are shown. Bootstrap ARDL show that F/
Pesaran, T/dependent, and F/dependent values are more
significant than Bootstrap ARDL CV (McNown et al., 2018).
The calculated statistical values of F/Pesaran, T/dependent, and
F/dependent in the B-ARDL test of cointegration above the 5%
CV, hence supporting the conclusion that the hypothesis (H0) of
no cointegration is rejected at the level of 5% significance. In the

Bootstrap ARDL Cointegration Test, Degenerated Case

Variables At level At first difference
t-test Structural breaks dates t- test Structural breaks dates
LGDPPC ~3.369 2011 ~5.090 2005
LHEPC -3.018 2016 ~7.461 2009
LCO2 ~3.810 2017 —4.974 2012
LGEPC ~2.687 2012 —4.048 2015
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TABLE 4 Lag-order selection criteria.

Lag LL LR df P
0 103.673 — - -
1 246.809 286.27 25 0.000
2 301.374 109.13 25 0.000
3 355.387 108.03 25 0.000
4 405.847 100.92* 25 0.000

TABLE 5 Bootstrap ARDL cointegration test results.

DV|IV F* F P dep
HE | CO, GDP, GE 6.534 5.332 -4.761
CO, | HE, GDP,GE 8.697 7,117 -3.863
GDP | CO,, HE, GE 9.353 6.051 —5.462
GE | CO, GDP, HC 8.996 5.006 —6.825

TABLE 6 Granger-Causality Analysis based on Bootstrap ARDL Model.

10.3389/fenvs.2022.993634

FPE AIC HQIC SBIC
6.0e-10 —7.0481 -6.97537 —6.8102
1.3e-13 —15.4864 -15.05 —14.059
2.0e-14 -17.5981 -16.7982 -14.9813
4.3e-15 -19.6705 -18.5069 -15.8642
3.0e-15* —21.4891* -19.9618* —-16.4933*
tdep t*indep t indep Result
—-4.015 7.119 6.862 No Cointegration
-3.250 9.557 7.969 No Cointegration
—5.208 6.909 4.527 No Cointegration
-7.351 9.883 7.429 No Cointegration

Variable HE equation GE equation GDP equation CO2 equation
F-statics, (p-value) (Sign) F-statics, (p-value) (Sign) F-statics, (p-value) (Sign) F-statics, (p-value) (Sign)
HE — 0.664 (0.481) (+) 2441 (0.002) (+) 2.863* (0.079) (--)
GE 2.015 (0.315) (+) - 3.774* (0.042) (--) 4.265% (0.377) (+)
GDP 3.025* (0.059) (+) 1.451 (0.132) (+) - 0.428 (0.745) (+)
Cco2 4.257°* (0.006) (+) 0.893 (0.558) (+) 0.427 (0.590) (+) —

Notes: ***, ** and * indicate the null hypothesis is rejected at the 1%, 5% and 10% levels.

TABLE 7 Diagnostic test.

Diagnostic test Value
Jarque and Bera LM Test 0.316
Ramsey RESET 1.010
Breusch and Pagan Heteroscedasticity Test 1,418
Jarque-Bera Test 0.974

#2 discovered in Saudi Arabia, both the F-test and F*-test are
statistically significant, but the t-test is not. Consequently, the
bootstrap ARDL test results for the GDP, health spending, green
energy, and CO2 emissions indicate no cointegration.

To determine the causal relationship between health
expenditure, GDP growth, and CO2 emissions, we conduct a
Granger causality test on Saudi Arabia’s variables based on the
Bootstrap ARDL cointegration test findings. Table 6 shows a
unidirectional relationship between GDP per capita and health
expenditure, green energy and CO2 emissions per capita. The
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p-value Results

0.242 No Serial Correlation
0319 Stability

0.649 Heteroscedasticity
0.641 Normallty

data also show a bidirectional relationship between health
expenditure and CO2 emissions and GDP per growth, this
holds true for green energy and economic growth.
Furthermore, we also included the diagnostic test in
determining the model’s stability. Table 7 indicates that the
(Jarque & Bera, 1987) statistics’ probability value is 64%,
which means that the null hypothesis cannot be ruled out. It
implies that the distribution of the residuals is normal. According
to the (Breusch & Pagan, 1979) LM test, which displays the
efficiently computed coefficients, the model does not have a serial
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correlation. Due to the homoscedasticity that the (Breusch &
Pagan, 1979) test revealed, the standard errors and coefficient
estimations are accurate. The null hypothesis cannot be rejected
since the Ramsey Reset test’s probability value is more than 10%.

5 Conclusion and policy implications

The study aims to evaluate the possible determinants of
health expenditure in the case of Saudi Arabia from 1995 to
2021. The study uses income as a primary determinant, carbon
emissions, and green energy. The study employed a novel time
series approach for primary estimation results, i.e., Bootstrap
Autoregressive Distributed Lag (BARDL). This approach is
robust and provides consistent results for time series data.

The empirical outcomes first confirm stationarity results for all
variables. The results confirmed that health expenditure, carbon
emissions, GDP and green energy have a mixed order of
integration employing the unit root test, i.e, I (0) and I (1). Due to
mixed order, the study uses Bootstrap ARDL bound approach. Based
on the BARDL cointegration test results, the empirical data show a
bidirectional relationship between health expenditure and GDP per
capita, CO2 emissions per capita and GDP per capita, health
expenditure and CO2 emissions and Green Energy. The data also
show that causation is two-way. Green energy plays a significant role in
reducing CO2 emissions. It reduces the effects of global warming
without affecting environmental health or the country’s long-term
economic prosperity. In Saudi Arabia, the government aims to generate
50% of its electricity from renewables and the other half from gas by
2030. The government and policymakers are currently developing and
implementing effective policies to encourage investment in sustainable
and innovative technologies, such as smart carbon-free cities and green
space—a step toward the Saudi 2030 goals.

However, a significant challenge is the low capacity of green
energy production and its efficiency level. This will need more
facilities to match the growing power demand. A field that needs
more research, policies, and investment to overcome these
challenges. Therefore, the study recommends that investors
should be encouraged in the green energy sector to boost
health expenditures in case of Saudi Arabia.
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