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A green economy is one that mainstreams nature and people’s concerns and provides
well-paying jobs for the economy. In the past, researchers examined the relationship
between financial growth and carbon emissions, and very limited studies examined the role
of green finance in carbon extenuation. Based on these four indicators, which are
sustainable credit, sustainable safety, sustainable insurance, and sustainable asset, a
green finance index was developed in this study. In this study, a vector error correction
model (VECM) is used to examine associations between the growth level of green finance,
public spending, and the zero-carbon mechanism using data from 2005 to 2018. The
results of this study indicate that China’s green finance industry had grown quickly, with
enhancements in green finance and increased public spending, all contributing to reducing
the country’s environmental degradation. The simultaneous increase in carbon intensity
slowed the expansion of non-fossil energy usage, reduced the flow of investing in green
projects, and finally deteriorated the development of green finance. Furthermore,
renewable energy usage in China is chiefly influenced by carbon intensity and green
finance, both of which had clear policy-driven consequences. The effects of green finance
strategies have consistently fallen short of expectations and lacked consistency. This study
makes recommendations for improving the effectiveness of green finance policy
implementation and increasing renewable energy to reduce or erode the economic
gains of the zero-carbon mechanism.
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1 INTRODUCTION

Across the globe, climate change and sustainability have received a lot of media attention. It is stated
in the 2015 Paris Agreement, which was adopted as part of the United Nations Framework
Convention on Climate Change (UNFCCC), that world leaders have come to a general
consensus on this subject. As a result of the agreement of the member countries to work
together to reduce greenhouse gas emissions, one of the most difficult challenges is financing
climate change mitigation and adaptation actions and their long-term viability. We will have to
invest highly into to get things back to normal. Global warming must be kept below 2°C by 2035,
which will require $53 trillion for investments in energy-related projects (Moz-Christofoletti and
Pereda, 2021).
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The Chinese economy has expanded at a rapid pace in recent
years. In 2019, China’s gross domestic product (GDP) amounted
to 99.0865 trillion yuan (US$1.04 trillion). Contrary to popular
belief, China’s economic situation is worsening (Khokhar et al.,
2020; Abbas et al., 2020; Zhang et al., 2021a). Resources are
becoming increasingly scarce, the ecosystem is deteriorating, the
carrying capacity of natural resources has been exceeded, and
environmental problems are becoming progressively severe.
According to the "State of the Environment Bulletin of China"
published in 2015, the following environmental conditions exist:
the environmental air quality standard has exceeded up to 76.4%
in the country’s 338 prefecture-level cities, according to the
Environmental Protection Agency (EPA). According to the
EPA, pollution is responsible for 35.5% of the water quality in
important lakes, major rivers, and reservoirs (Feng et al., 2022;
Huang et al., 2022). There are 2.49 million square kilometers of
land affected by soil erosionacross the country, accounting for
31.1 % of the total area of the census; 61.3 % of the water has poor
or extremely poor quality; 61.3 % of water is polluted, and 61.3 %
of the water has poor or extremely poor quality (Hou et al., 2019).
The public has been deeply affected by the deterioration of the
living environment in recent years, which has sparked widespread
concern among the general public (Khan et al., 2021c). No one
can overstate the significance of environmental governance in
today’s society. During the calendar year 2017, nitrogen oxides
and carbon dioxide were released into the environment in the
exhaust gas, and wastewater in 69.66 billion tons, 0.12 billion
tons, and 9.297 billion ton was also released (Xiang et al., 2022).
China’s Ministry of Environmental Protection allocated 51,754
million yuan to energy conservation in 2019, raising concerns
about the long-term sustainability of the Chinese economy’s
future development due to the high price of environmental
governance 2019 (Lee 2020; Zhang Y. et al., 2021; Li et al.,
2021). Currently, the Chinese economy is in transition, and
issues such as resource consumption and overcapacity lurk
behind the country’s rapid economic growth (Khan et al.,
2021d; Wu et al., 2021). Future generations will be
increasingly concerned with the issue of how to maintain
environmentally friendly development practices.
Environmental civilization construction is being implemented
gradually, and the process of environmental transformation and
development has emerged as a critical path in achieving the long-
term development sustainability required (Chen et al., 2021; Safi
et al., 2021).

Finance for environmental protection, whether as a design for
an institutional arrangement or a design for a market mechanism,
is required. Green finance not only achieves social energy
conservation objectives but also engages in achieving financial
sustainable development objectives. Investors and financial
institutions are hesitant to get involved in the green field
because of the lags inherent in green finance. This results in
green finance being dependent on the market mechanism,
making it difficult to meet the potential needs of the social
ecosystem, while also improving its quality (Khan SAR. et al.,
2021). Because of the limitations imposed by natural conditions,
China has overlooked the significance of environmental security
to society’s long-term viability, and the trend of environmental

change is not encouraging. China must mobilize social resources
to the maximum extent possible for green development through
policy guidance, assistance, and market-oriented initiatives
(Anderson et al., 2021; Khan et al., 2022). Regional
environmental civilization development is promoted through
green finance. Environmental degradation is effectively
curtailed through green finance, resulting in incongruous
cooperation between the financial and environmental systems
(Huang et al., 2021; Truby et al., 2022).

Green finance has a significant influence on the development of
clean energy and the preservation of the environment. Ecological
issues have already become obstacles in our economy’s growth as the
climate and ecology continue to stifle growth (Shahbaz et al., 2020;
Khan et al., 2021b). As a result, green finance is now an unstoppable
force in the economy. According to Chinese research, green finance
is a financial activity that promotes better environmental
development, increases resource efficiency, and combats climate
change (Sovacool et al., 2021). To speed up the transition to
green consumption, the financial industry must develop green
features in its operations and trust financial novelty means to
change the investing positioning of businesses (Boretti 2020).
Subjects, objects, and media make up the bulk of the green
financial market, facilitated by a trading platform. The
government, financial institutions, businesses, and consumers all
play a significant role in exchanging green derivatives, green credit,
and green funds through various media, including stock exchanges
and brokers (Herman and Shenk, 2021). Because of the wide range
of products available, the green financial market is now more
competitive, which has led to more stable social governance due
to environmental-friendly development. Environmental and
ecological benefits are valued more highly in green finance than
in traditional financial activities (Jinru et al., 2021), which places a
greater emphasis on the long-term growth of the environmental
protection industry (Khan et al., 2021e).

Green finance and environmental degradation are the research
topics of many studies, such as those conducted by Jinru et al.
(2021). However, one of the first attempts to reduce CO2

emissions in China is the role of green finance in conjunction
with public spending and economic growth. The investigation by
Soltani et al. (2021) related to the connection between carbon
emissions and green finance suggests that future research could
inspect the influence of green finance and public spending on
carbon emissions. This study fills that knowledge gap by
observing how green finance, economic development, and
government spending affect CO2 emissions. For policymakers
who are developing strategies related to green finance and energy
efficiency’s role in reducing carbon emissions, the research is
useful because China’s environmental protection authorities will
also benefit from this research, as the country has a high rate of
pollution (Yu et al., 2022). We are now focusing on connecting
green finance, economic growth, energy consumption, and CO2

emissions. The objectives of this study are given below:

1) To investigate the impact of green financing on CO2 emissions
in China.

2) China’s CO2 emissions will be studied to see if public spending
influences it.
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2 ECONOMIC GROWTH AND
ENVIRONMENTAL DEGRADATION ARE
INTERTWINED
Continuing the discussion of this study, Section 2 shows a review
of the associated literature and Section 3 presents the data and
proposes an econometric analytical flow for the information
contained within them. The findings of the econometric
analyses are presented in Section 4. Section 5 summarizes the
most significant findings and proposes policy implications.

3 GREEN ECONOMIC RECOVERY

To address the challenges of environmental protection projects
and industry financing, green finance was developed.
Environmental constraints are the driving force behind credit
rationing. Green finance can encourage green investment and
financing and transform environmental pollution into
environmental-friendly businesses. As a result of the financing,
investment yields and capital availability of polluting industries
are reduced, while the green industry’s investment yields and
capital availability are increased. Consequently, the green
industry’s financial support is strengthened to pursue green
economic development. Research by Bamisile et al. (2021)
states that while green finance significantly influences polluting
industries, it also significantly stimulates environmentally
friendly initiatives. It was found that the mechanism by which
GF improved agricultural innovation performance was examined
by Ning et al. (2022). From 2012 to 2019, Saeed Meo and Karim
(2021) used the green patent quantities of Chinese companies as a
quasi-natural experiment to see if the green finance policy had
any effect on corporate green innovation. By raising production
costs and encouraging green transformation, Streimikiene and
Kaftan (2021) demonstrated that green finance development
could slow the growth of polluting industries. This research is
also backed by the theory of a green economy (Wang et al., 2021),
which emphasizes the interdependence of people and the
environment. Each of us can contribute to protect the
environment by promoting green economic growth, green
financial practices, and the use of clean, efficient energy
(Nassani et al., 2017). The theory of a green economy obliges
people to use environmentally friendly financial and energy
resources to promote green growth and minimize their impact
on the environment (Tolliver et al., 2020).

Green financing appears to have positive effects on various
macroeconomic variables instead of some studies’ neutral or
negative findings. While conventional bonds were more
effective during the COVID-19 era, green bonds were more
effective due to their greater transparency in interest rates and
investment returns. Another study examined the relationship
between green bonds and other variables, such as clean energy,
from 2008 to 2019 by Nguyen et al. (2022). These findings
significantly impact clean energy development. Lee et al.
(2021) examined the green bond market in various regions,
focusing on Asia and the Pacific regions. According to their
findings, green bonds in Asia tend to have higher returns and

greater risk and heterogeneity. The banking industry is
responsible for 60% of all Asian green bond issuances. After
the COVID-19 pandemic is over, the researchers say that there
should be more public sector involvement and de-risking
regulations to encourage issuer diversification. For climate
change and environmental threats, Zheng et al. (2021)
observed the linkage between green finance, SDGs, and
environmental issues. Intriguing results showed that the
banking and financial sectors could entice private investors to
invest in green financing.

Many academicians and researchers have written extensively
about the function of green finance in environmental
sustainability or degradation in various countries and regions.
In particular, a quantile-on-quantile regression method
(Taghizadeh-Hesary et al., 2022) was used to investigate the
function of green finance in CO2 emission in the top ten
green finance–supportive nations. According to the estimated
results, green finance has a significant and negative impact on the
region’s CO2 emissions. The authors argued that market and
economic conditions of countries play a major role in the
variation in the quantiles of their population. According to
empirical evidence, green finance investment is held back by
short-termism and policy uncertainty (Wang et al., 2021). The
establishment of essential investment projects is still considered
complex and unclear by Ren et al. (2020). The shift toward
sustainable development is still seen as having an extremely
high degree of complication and unpredictability. The
conventional and green economies could benefit greatly from
the inclusion of green finance to expedite the transition. There is a
strong argument that green financing and the development of
FinTech can assist in reducing pollution in China’s industrial
sector (Taghizadeh-Hesary and Yoshino, 2019). Green finance
and cap-and-trade schemes, on the other hand, have been shown
to have a significant impact on medium- and high-emitting
manufacturers (Yoshino et al., 2020). According to the findings,
cap-and-trade schemes have a negative impact on manufacturers
with high CO2 emissions, while having a positive impact on
manufacturers with low-to-medium CO2 emissions. According to
Guild (2020), another benefit of green finance integrity is that it helps
promote amore environmentally friendly economy. It was suggested
that tighter government regulations, lower costs for businesses and
institutions involved in producing green finance, increased
government oversight, and higher pollution compensation for
consumers could all help mediate green finance’s impact on
long-term development. Additional research shows that
renewable energy consumption and FDI in N-11 countries, CO2

emissions, and R&D contribute to green finance and climate change
mitigation (Sarma and Roy, 2021).

The results reveal that green finance has varying effects in
different nations and depends on a wide range of parameters. To
provide this new financing, green finance research inChinawould be
applied and offer fresh understandings to these economies and all
other countries looking to develop green finance markets. In
addition, because of their role in realizing the UN’s Sustainable
Development Goals (SDGs) set in 2015, understanding how this
variable applies to energy consumption and green energy efficiency
in these economies is critical.
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4 METHODOLOGY AND SELECTION OF
VARIABLES

4.1 Data and Variable Selection
To achieve the purposes of this research, the present study used
overall five variables, the most important of which is CO2

emission, which specifies the overall quality of the
environment. While a high degree of CO2 emissions denotes
ecological degradation, the absence or low level of CO2 emissions
denotes improved environmental quality. In addition, the
primary independent variable in this analysis is green finance,
which is denoted as (GF). It is significant because it fosters and
cares for the drift of financial tools and associated facilities toward
formulating and implementing sustainable business models,
investment, economic, trade, social and environmental
initiatives, and regulations. To facilitate the creation and
implementation of financial tools and allied services, the GF
variable is crucial. As a result, GF has an impact on economic
activities and contributes to the country’s ecological performance.

Furthermore, the flow of financial instruments (GF) is a factor
that is highly dependent on the country’s economic conditions.
Because of this, GDP could be an effective factor for presenting a
country’s economic situation because it measures health and size
over a particular period of time. It considers aggregate investment,
consumption, production, and other macroeconomic variables to
determine the health of an economy. As a result (Mastini et al.,
2021), a high degree of GDP could stimulate financial activity, which
would, in turn, consume more natural resources and energy,
potentially having a negative influence on the environment. On
the other hand, public spending has the potential to influence
environmental conditions by implementing flexible or stringent
policies and making investments that can potentially impact a
country’s economic conditions significantly.

Consequently, it is important to look into both variables in
environmental economics simultaneously. When it comes down
to all of the variables listed above, the most recent dataset available
for China was used, which covered the time period from 1990 to
2020. Throughout the world, technology has advanced at a rapid
pace since 1990, both in developing and developed countries. This
advancement in technology accelerates the rate of production and
other economic activities, allowing for achieving higher economic
goals. However, as a result of its rapid industrial development,
countries such as China have risen to become the world’s leading
carbon emitter and energy importer, making significant
contributions to global warming and climate change. As a result
(Zhang D. et al., 2021; Tang et al., 2022), China has concentrated on
the growth of green finance to combat the potentially catastrophic
issue of climate change and global warming. To fully recognize this
connection, it is necessary to look back over the last three decades.
Table 1 contains the specifications for the variables and the units of
measurement and data sources.

4.2 Model Specification
The QARDL model, developed by Guild (2020) was used by
researchers (Guild, 2020). This model can test green finance,
public spending, and renewable energy for their long-term

equilibrium effect on CO2 emissions. Green finance and
carbon neutrality asymmetries can be tested using the
QARDL model, which is a more advanced version of the
“ARDL model.” The Wald test is used to examine the
stability of integrating coefficients across the quantiles in
the time-varying integration connection. Analyzing long-
and short-run symmetries will be easier with this method.
The basic form of ARDL is given below:

CO2t � μ +∑p

i�1ziCO2t−i +∑q

i�0θiGFt−i +∑r

i�0κPSt−i

+∑
s

i�0ωiREt−i +∑
U

i�0ψiGDPt−i + εt, (1)
where εt represents the error term explained asCO2t – E [S/ γt−1],
γt−1 being the smallest σ-field generated by
{ CO2t, GFt, PSt, REt, GDPt, CO2t−1, GFt−1, REt−1, GDPt−1} ,
and p, q, r, s, and u are lag orders according to the Schwarz
information criteria (SIC). In Eq. 1, CO2, GF, PS, RE, and GDP
are CO2 emissions, green finance, public spending, renewable
energy, and economic growth, respectively.

QARDL (p,q,r,s,u) was proposed by Ingham et al. (2015) as an
extension of the model shown in Eq. 1.

QCO2t � μ(τ) +∑
p

i�1zi(τ)CO2t−i +∑
q

i�0θi(τ)GFt−i

+∑
r

i�0κ(τ)PSt−i +∑
s

i�0ωi(τ)REt−i +∑
U

i�0ψi(τ)GDPt−i

+ εt(τ),
(2)

where εt(τ) � CO2t − QCO2t(τ/δt−1) and 0 > τ < 1 is showing a
quantile. The QARDL model shown in Eq. 2 is simplified as
follows because of the possibility of serial correlation:

QΔCO2t � μ + ρCO2t−1 + ϕGFGFt−1 + ϕPSPSt−1 + ϕREREt−1

+ ϕGDPGDPt−1 +∑p−1
i�1 ziΔCO2t−1 +∑q−1

i�0 θiΔGFt−1

+∑r−1
i�0 κiΔPSt−1 +∑s−1

i�0 ωiΔREt−1 +∑U−1
i�0 ψiΔGDPt−1

+ εt(τ).
(3)

Eq. 3, which depicts the QARDL-ECMmodel, is reformulated
as follows:

QΔCO2t � μ(τ) + ρ(τ)(CO2t−1 − βGF(τ)GFt−1 − βPS(τ)PSt−1
− βRE(τ)REt−1 − βGDP(τ)GDPt−1)

+∑p−1
i�1 zi(Δ)ΔCO2t−1 +∑q−1

i�0 θi(τ)ΔGFt−1

+∑r−1
i�0 κi(τ)ΔPSt−1 +∑s−1

i�0 ωi(τ)ΔREt−1

+∑
U−1
i�0 ψi(τ)ΔGDPt−1 + εt(τ). (4)

The short-term influence on current stock prices of all
previous stock price changes can be calculated using the delta
approach given by

zp � ∑
p−1

i−1
zzj,
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while the collective short-term influence of the earlier and current
levels of CO2, GF, PS, RE, and GDP is determined by

θp � ∑
q−1

i−1
zθj, κp � ∑

r−1

i−1
zκj,ωp � ∑

s−1

i−1
zωj and ψp � ∑u−1

i−1 zψj

respectively.

The parameter associated with the long-run for GF, PS, RE,
and GDP is calculated as follows:

βGFp � −βGF
ρ
, βPSp � −βPS

ρ
, βREp � −βRE

ρ
and βGDPp � −βGDP

ρ
.

The ECM parameter ρ should have a strong negative sign.
Academics used the Wald test to investigate the short- and

long-term asymmetric effects of green finance, public spending,
renewable energy, and GDP on CO2 emissions.

TABLE 1 | Variable description.

Variable Description Data Source

CO2 Carbon dioxide is released as a byproduct of the combustion of fossil fuels
and the production of cement, both of which cause emissions. A kiloton
equals a metric ton of carbon dioxide produced by the combustion of all
types of solid, liquid, and gaseous fuels (kt)

https://databank.worldbank.org/source/world-development-
indicators#advancedDownloadOptions

GF Banking, micro-credit, insurance, and investment are just ways that green
finance is being used to enhance the amount of money coming into
sustainable development goals from the public and private sectors

http://www.epschinadata.com/auth/platform.html?-sid=E8185F1E89C9A2-
466BB8430C45BF4A3E_ipv433008563

PS In a country, public expenditure refers to the money spent by the
government to meet collective needs and desires, such as pensions,
provisions (which include education, healthcare, and housing), security,
transportation, and other infrastructure

https://databank.worldbank.org/source/world-development-
indicators#advancedDownloadOptions

GDP The total monetary or market worth of all completed goods and services
produced inside a country’s boundaries in a certain time period, known as
the accounting period, is meant by gross domestic product (GDP)

https://databank.worldbank.org/source/world-development-
indicators#advancedDownloadOptions

RE Renewable energy is energy that is derived from renewable resources that
are replenished by nature. It includes a variety of energy sources, such as
sunlight, wind, rain, tides, waves, and geothermal heat, to name a few
examples

https://databank.worldbank.org/source/world-development-
indicators#advancedDownloadOptions

TABLE 2 | Descriptive statistics outcomes.

Variables Minimum Maximum Mean Std. Dev Jarque–Bera Probability

GF 1.58 1.85 1.68 0.08 30.74 0
RE 11.34 30.51 17.86 7.11 44.694 0
CO2 3,439.15 10,667.89 7,815.20 2,522.24 28.378 0.002
PS 16,167.00 50,956.00 30,757.57 10,928.17 36.458 0
GDP 1211346.87 14722730.70 6935289.81 4777670.84 62.81 0

FIGURE 1 | China’s CO2 emissions from 2000 to 2020.
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H0: ρp(0.05) � ρp(0.1) � ρp(0.2) � . . . . . . . . . � ρp(0.95).
Contrary to an alternative one,

H1: ∃i ≠ j/ρ(i) ≠ ρ(j).

5 RESULTS AND DISCUSSION

This section will analyze the findings of this study and discuss them
in more detail. REN, CO2, PS, GDP, and GF are the variables
selected for this study and are shown inTable 2 for the period from
2005 to 2019. All data were obtained from the World Bank. All of
the mean values are positive. Averaging at 17.86, REN has
minimum and maximum values of 11.34 and 30.51,
respectively. There is a 7,815.20 million ton average CO2 level,
ranging between 3,439.15 and 10,667.89 lower and higher values.

In other words, PS has a mean value of 30,757.57 and a lower and
higher value of 16,167 and 50,956, respectively. The mean value of
GDP is 6935289.81 million USD, with the lower and higher values
of 1211346.87 and 14722730.70, respectively. GF has a mean value
of 1.68, with a minimum value of 1.58 and a maximum value of
0.926. The QARDL model can be used for further analysis because
the Jarque–Bera test results show that REN distributions (CO2, PS,
GDP, and GF) are not normally distributed at a 1% significance
level. Figures 1–3 show the trends of data.

The unit root test (Im et al., 2003) and augmented
Dickey–Fuller (ADF) test are used to identify the root of the
problem. Table 3 shows the outcomes of the study. The ZA test’s
advantage is that it also considers any structural breaks in the
dataset. According to the results of the ZA and ADF tests, all of
the data are stationary at the I (1) significance level, whether at a
5% or 10% significance level. According to the findings, the order
of integration for all variables is I (1).

FIGURE 2 | Trends of renewable energy in China from 2000 to 2020.

FIGURE 3 | Trends of GDP of China from 2000 to 2020.

Frontiers in Environmental Science | www.frontiersin.org July 2022 | Volume 10 | Article 9256786

Xing et al. Zero-Carbon Mechanism

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


5.1 Quantile Regression Analysis
Table 4 shows the results of the QARDL model, which was used
to generate the results. It demonstrates that the estimated
coefficient is statistically significant at the negative level for all
quantiles, but for 0.80, 0.90, and 0.95, it is significant at the
positive level. This indicates a long-term equilibrium between
carbon dioxide emissions and other variables, such as green
finance, public spending, renewable energy, and economic
growth, in the near future. Furthermore, in this study, the
speed of adjustment for the coefficient was found to be
significantly higher in the first quantile and lower in the
0.50th quantile, with the first quantile being significantly
faster. The co-integration parameter for green finance, on the
other hand, was found to be negatively significant in all quantiles,
except for the two lowest quantiles, which were 0.05 and 0.10.
Nine out of eleven quantiles show a negative long-term
relationship between green finance and CO2 emissions,
indicating a long-term downward relationship. Green finance
and CO2 emissions appear to have a long-term inverted U shape,
supporting the claim that there is an inverted U-shaped long-
term link between green financing and CO2 emissions. The
researchers’ findings confirmed the existence of a negative
association between the two variables.

In addition, the cointegration coefficient for the association
between public spending and carbon emissions in China is
shown in Table 4. Findings from the study below of diverse
quantiles indicate that there is a negative association between the
two variables, but only for the medium and upper-level quantiles
(0.40–0.95). As a result, more public spending has a negative and
significant influence on carbon emissions. This is in accordance with
the findings of a study byMastini et al. (2021), which revealed related
results in which different levels of public spending or carbon taxes
can reduce the concentration of carbon emissions in the natural
environment. Similarly, Yumei et al. (2021) confirmed that public
expenditures negatively impact CO2 emissions, whereas Feng et al.
(2022) reported that public spending contributes to environmental
improvement while reducing CO2 emissions.

On the other hand, according toTable 4, the relationship between
renewable energy and CO2 emissions is found to be negatively
significant for the first five quantiles. It promotes the argument
that increased use of renewable energy leads to lower levels of CO2

emissions in China, resulting in greater environmental sustainability
overall. Previous studies (Tu et al., 2021) have found a similar
relationship between renewable energy and carbon emission
reduction. They confirmed that the use of renewable energy
sources can result in carbon emission reduction. The bidirectional
relationship between carbon emissions and renewable energy, on the
other hand, was discovered only in the short run.Meanwhile, Nabeeh

et al. (2021) examined the impact of renewable energy on CO2

emissions using the panel quantile regression method. The study
found a positive inverted U-shaped tendency among the two
variables at various quantiles. Muganyi et al. (2021) stated that
renewable energy sources helped in reducing CO2 emissions in 46
countries across sub-Saharan Africa. The cointegration parameter for
economic growth in terms of GDP is positive and significant for all
quantiles, with the exception of the 0.60 and 0.70 quantiles, which
indicates that there is an upward and long-term relationship between
GDP and carbon emissions for nine out of eleven quantiles. As a
result, the currentfindings havemade a significant contribution to the
existing body of literature, alongside the contributions made by
Sarangi (2019); Zerbib (2019); Cui et al. (2020); Taghizadeh-
Hesary and Musibau (2020), and others.

5.1.1 The Effect of Research and Development
As shown in Table 5, the results of the QARDL model estimation
for India were obtained. All quantiles except 0.60 and 0.70 show a
statistically significant association with the negative sign, as
indicated by the parameter. It demonstrates the relationship
between the parameter and other parameters. The results also
show the long-term association between R&D and the interaction
term GF*R&D, which is represented by the symbol. As a result of
the research and development, it is highly significant and
negatively correlated at all quantiles, that is, from 0.05 to 0.95.
This finding indicates that research and development is
negatively associated with CO2 emissions, which means that
an increase in R&D will reduce CO2 emissions at all energy
consumption levels in India. They are consistent with previous
research, including that conducted by the United Nations
Environment Programme (2017). Because of technological
advancements, research and development produces novel
knowledge, procedures, and products. In a study conducted by
Shipalana (2020), it was discovered that the growth of innovative
technologies could decrease damaging effects on the environment
caused by energy consumption by refining energy efficiency.

According to many scholarly studies, government
expenditures on education are critical to improving and
further contributing to a greener economic system.
Furthermore, according to the literature, investments in
human capital can have a significant impact on the greening
of the economic system (Liu et al., 2022; Nasir et al., 2022). In
light of the current research findings, the two-pronged methods
for preserving human capital were implemented as alternatives.
The studies discovered that the percentage age of young talents
for the entire part of the analysis can be used as a substitute for
investing in human capital in the organization. In addition, junior
high school instructors were chosen based on the ease with which
the data pertaining to them could be accessed. As a result (Steckel
et al., 2017), it met the needs of graduate students from various
countries around the world. Although the strategies implemented
in the context of increasing the ADSP yielded results, the volume
of CO2 pollution has increased at the same time.

5.1.2 The Wald Test Results
Detailed results of the Wald test are presented in Table 6. The
Wald test is useful in determining whether a parameter remains

TABLE 3 | Results of unit root test.

Variables ADF (level) ADF (Δ) ZA (level) ZA (Δ)

CO2 −5.50 −20.32 −4.59 −6.36
GF −4.04 −15.90 −7.34 −8.33
PS −2.25 −14.10 −3.67 −7.92
ER −3.58 −13.34 −2.92 −7.35
GDP −1.35 −17.68 −3.65 −8.33
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constant across all quantiles. Linares et al. (2008) also found
that the Wald test confirmed the nonlinearities in short- and
long-run parameters for estimating locational asymmetries
in both the short and long run. The acceptance of the null
hypothesis demonstrates that there are no asymmetries or
nonlinearities in the relationships examined. We found that
the Wald test rejected the null hypothesis for all of the
independent variables in our study in the long run, namely,
green finance, public spending, renewable energy, and GDP
and that the test rejected the null hypothesis for all of the
independent variables in the short run. The findings
demonstrate that all variables exhibit nonlinear and
asymmetric relationships in the long run.

6 CONCLUSION AND POLICY
IMPLICATIONS

Our research team has selected CO2 emissions as a proxy for
environmental conditions for this investigation. Because of the
human economy’s dependence on natural capital, CO2

emissions are a unique indicator of environmental
conditions. This way measures the technological and social
influence on the Earth’s ecosystem. To consolidate the
determinants of CO2 emissions, there are some variables to
consider, such as energy consumption, economic growth,
transportation, tourist activities, and formal configurations.
For this reason, and due to the importance of the variables
described above to the environment, the QARDL model has
been used to analyze the impact of green finance, public
expenditures, renewable energy, and GDP on CO2 emissions
from 2005 to 2017. According to the study results (Zhang S.
et al., 2021), green finance, renewable energy utilization, and
public spending improve the Chinese ecosystem. In contrast,
GDP and institutional quality are positive and statistically
significant at all quantiles. This demonstrates that the
increase in GDP and institutional quality are both above-
board associated with ecological situations at all quantiles.

Considering all of these affairs, our research has empirically
authenticated the majority of the hypotheses. It is inferred from
the findings that amplified use of renewable energy can help
reduce environmental deprivation in China for low-to-medium
quantiles, that an increase in tourism at high or low intensities
of CO2 emissions can help improve the environment in China,
that public spending can be both significant and positive at all
quantiles (meaning that improvements in public spending are
straightforwardly related to enhancements in ecological
situations), and that an increase in GDP can lead to an
increase in CO2 emissions for all quantiles. Meanwhile, the
GDP square has a negative relationship with all quantiles,
including the lowest. In the short term, dynamics reveal that
current environmental footprint variations are significantly and
positively affected by quantiles ranging from low to high.
Current CO2 emissions are unaffected by current and
previous variations in renewable energy, economic
development, and institutional quality across the board.
However, historical and present tourism fluctuationsT
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TABLE 5 | R&D impact on sustainable development.

αp(τ) ρp(τ) βGF*R&D(τ) βPS(τ) βRE(τ) βGDP(τ) ϕ1(τ) sω0(τ) ω1(τ) λ0(τ) θ0(τ) έ0(τ)

0.05 0.001 (0.001) -0.425***
(−3.004)

−0.150
(−0.030)

−0.177***
(−6.708)

−0.051
(−0.010)

0.110
(0.003)

0.542***
(3.002)

−0.076*
(−1.655)

−0.041 (−1.419) −0.035
(−0.003)

−0.063***
(−2.993)

0.012 (0.004)

0.1 0.226 (0.002) −0.375***
(−4.006)

−0.237
(−0.027)

−0.175***
(−7.009)

−0.001
(−0.021)

0.246
(0.004)

0.364***
(5.046)

−0.081*
(−1.712)

−0.020 (−1.082) −0.061
(−0.001)

−0.076***
(−3.657)

0.053 (0.030)

0.2 0.056 (0.005) −0.356***
(−5.006)

−0.240**
(−2.050)

−0.175***
(−3.055)

−0.040
(−0.004)

0.216
(0.001)

0.318***
(3.011)

−0.081***
(−7.028)

−0.010 (−1.007) −0.021
(−0.110)

−0.066***
(−4.006)

0.026 (0.002)

0.3 0.078 (0.070) −0.412**
(−2.001)

−0.281**
(−2.008)

−0.146**
(−2.006)

−0.187
(−0.005)

0.220
(0.010)

0.326***
(3.001)

−0.071***
(−4.047)

−0.060 (−1.606) −0.013
(−0.301)

−0.021**
(−2.010)

0.062 (0.003)

0.4 0.085 (0.015) −0.346**
(−2.010)

−0.226**
(−2.006)

−0.168**
(−2.018)

−0.179*
(−1.779)

0.264
(0.054)

0.509***
(3.009)

−0.032
(−0.033)

−0.050 (−0.951) −0.052
(0.210)

−0.013
(−0.102)

0.062 (0.002)

0.5 0.372 (0.002) −0.332**
(−2.010)

−0.189***
(−7.099)

−0.141
(−1.101)

−0.242*
(−1.842)

0.153
(0.323)

0.535***
(3.060)

−0.035
(−0.131)

−0.048 (−1.008) −0.024
(−0.410)

−0.037
(−0.020)

0.020 (0.030)

0.6 0.158 (0.001) −0.334*
(−1.834)

−0.224***
(−7.004)

−0.102
(−1.320)

−0.272**
(−2.005)

0.256
(0.823)

0.638***
(3.009)

−0.022
(−1.002)

−0.055 (−1.405) −0.039
(−0.700)

−0.068
(−0.060)

0.043 (0.003)

0.7 0.006 (0.010) −0.329*
(−1.829)

−0.253***
(−5.035)

−0.124
(−1.340)

−0.275**
(−2.006)

0.151
(1.001)

0.531***
(3.010)

−0.036**
(−2.006)

−0.071 (−1.017) −0.038*
(−1.710)

−0.063
(−1.030)

0.075 (0.021)

0.8 0.157 (0.005) −0.282
(−1.002)

−0.253***
(−3.353)

−0.166
(−1.040)

−0.252***
(−7.009)

0.243*
(1.703)

0.321**
(2.721)

−0.075**
(−1.975)

−0.062 (−1.002) −0.041**
(−2.001)

−0.050
(−1.004)

0.067 (1.007)

0.9 0.412 (0.002) −0.146
(−1.004)

−0.222***
(−3.002)

−0.180
(−1.070)

−0.246***
(−5.008)

0.250**
(2.205)

0.570*
(1.800)

−0.035**
(−2.050)

−0.047 (−0.973) −0.074**
(−2.047)

−0.076
(−0.006)

0.088 (1.106)

0.95 0.101 (0.010) −0.110
(−1.011)

−0.273***
(−2.993)

−0.132
(−1.112)

−0.222***
(−4.011)

0.331***
(3.003)

0.701*
(1.700)

−0.042**
(−2.002)

−0.033 (−0.333) −0.037**
(−2.050)

−0.057
(−0.007)

0.021 (1.112)

Note: *** = 1% significance, ** = 5% significance, and * = 10% significance.
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positively and significantly impact current carbon dioxide emissions,
particularly in the low-to-moderate quantile ranges. In addition,
there is a nonlinear and asymmetric relationship between CO2

emissions and tourism. According to the research findings, it was
discovered that bidirectional causality exists between each exogenous
variable and CO2 emissions, with the exclusion of institutional
quality, which has unidirectional causality at all lags.

Environmental degradation is one of the most pressing issues
facing the world today, and it affects both developing and
developed countries. Several nations are vigorously engaged in
developing environmental protection policies and programs. In
the background of economic development and growth, ecological
degradation turns out to be even more serious as economic
growth has the potential to have negative consequences for the
environment. The EKC hypothesis is a significant theory that
attempts to explain the environment–economic tie. The findings
also confirm the existence of the environmental Kuznets curve in
China, which was previously hypothesized. According to the
environmental Kuznets curve, economic growth initially causes
an ecological disturbance, but after reaching a certain level of
economic development, it contributes to improving the
environment and preserving biodiversity.

Nonetheless, the argument for a carbon-free future is based on
using a negative emission source until a significant proportion of
renewable energy is included in the energy mix. As a result, fiscal
policies and financial instruments must be implemented to gradually
reduce taxes, while incentivizing policies to attract investment from
financial crowdfunding and non-financial crowdfunding within the
public and private sectors. Aside from that, due to the pressing need
to upgrade existing infrastructure and construct new infrastructure
in the energy sector, it is essential to develop an infrastructure
strategy that makes use of funds from pollution trading schemes,
such as carbon taxes or cap-and-trade programs, on conventional
energy sources. The negative effects of fiscal policy on aggregate CO2

emissions and the gradual tradeoffs between hydrocarbons and
natural gas as the primary energy sources should not be the final
solution to CO2 mitigation in Thailand, according to the World
Resources Institute. To be sure, it must be stated that this is amiddle-
of-the-road option. In the same way, a commitment should be noted
to a gradual trade-off between traditional energy sources and the
achievement of net zero-emissions energy sources.

6.1 Policy Recommendation
Based on the abovementioned findings, we recommend the
following policies to promote the development of green finance:

1. To encourage the development of green finance, governments
should use fiscal policies to direct credit funds and social
capital into green investments, credit, and securities. Fiscal
funding should direct credit funds and social capital into a
green investment, credit, and securities.

2. In the approval process, green operations must be prioritized
and the application procedure must be streamlined for
environmentally friendly and low-carbon businesses.

3. The government should offer program support for green
financial growth in underdeveloped regions, lower the
issuance and trading thresholds for green bonds and
securities, and prioritize initial public offerings of green
concept companies, such as new energy, to encourage green
financial development.

4. Provincial financial institutions should serve as trailblazers in
developing environmentally friendly finance practices.
Insurance, credit, and funds for the environment all play a
significant role in implementing green finance policies.

5. As the primary vehicle for implementation, financial
institutions should offer green financial instruments to
relevant businesses, while also accelerating the alteration
and promotion of usual enterprises.

6. Green financing should be efficient, and green loans should be
readily available. Banks should also provide financial assistance
to environmentally friendly businesses. Other financial
institutions should be actively involved in the development
and upgradation of financial technology, the support of
enterprise financing, and the exploration of enterprise value.

7. Financial institutions should first organize internal
cooperation, optimize business procedures, and create
environmental awareness among their personnel to
encourage the development of green financing in enterprises.
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TABLE 6 | Results of the Wald test for the constancy of parameters.

Variables F-Statistics p-Value

ρ* 4.788*** 0.001
βGF 8.913*** 0.001
βPS 5.958*** 0
βRE 10.793*** 0.002
BGDP 7.829*** 0.001
βR&D 8.853*** 0
υCO2 4.533*** 0.001
υGF 4.976*** 0.002
υPS 0.197*** 0
υRE 5.601*** 0
υGDP 2.123*** 0
υR&D 1.371*** 0

Note: *** = 1% significance, ** = 5% significance, and * = 10% significance.
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