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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 regression with 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.
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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 Chinas 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%, 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. Chinas 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
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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
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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 and medical 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 CO; 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 CO; 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
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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
CO;, 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 CO; 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 Soloducho-
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
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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 CO, 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 CO; 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
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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, Igbal et al. (71)
concluded that democracies and the rule of law both contribute
to an increase in CO; 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 CO, 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.
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TABLE 1 Description of variables.

Variable Unit Source
CO, 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:

CO, = f(GDPCPL, s — GDPCP?, URBP HEP4, GOVP?,

RLPE, et (1)

By taking its natural log on both sides,

Lcoy = Bo + B1LGDPC + BQLGDPCZ + B3LURB + p4LHE
+ B5GOV + BgRL + 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 combine the Zivot unit root test with Augmented Dickey-Fuller
(ADF) test given by Kao (79). An important advantage of
Priori tests the Zivot unit root test over traditional approaches is that it
As part of the a priori analysis, the unit root test is performed considers break dates, which are known to affect the accuracy of
so that the series integration order can be determined. We 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:

p—1
AYi =T+ ) Tyt—1+Bya+

i=1

(©)

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
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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.

(4)

Xt = Xt—1 + &t

Such that xt (rinvest, renp, gdp, and gdpsq) of parameter vector
B for all xt such that t = 1984, 1985, ..., 2018 and ¢ t is the
error terms.

Thus, the FMOLS is expressed as follows,

-1
BEMOLS = {Z Zthl (Xt — X — bar) (Xt — X — bar) } x
{Z Z; (Xt — X — bar) (ECEM — bar — T A € p) }(5)

For this reason, the DOLS estimator is a useful addition to
co-integrating regression.

2
ECEM; = a + BX; Zi: _p XKAECEM t — k

q2
+ D g NKAXE— Kt (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
following equation:

Granger causality test estimated by the

k k

Xt =ag + Zj:l alsXt—s+ Zj:l a2sXt—m+eye (7)
k k

Ye=Bo + ijl BlsXt —j+ ijl B2sXt —h+e1¢ (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 coeflicient a2i is statistically significant, then if a2i
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TABLE 2 Descriptive statistics.

LCO, 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.

LCO, LGDPC LURB LHE GOV RL

LCO, 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*

10.3389/fpubh.2022.949729

TABLE 4 Unit root tests.

Variable ADF Zivot unit root

Level 1st difference Level Breaklst difference Break

LCO, 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%.

# 0, then Y Granger results in X. f2h. It is only statistically
significant when the correlation coefficient between the two
variables is greater than zero, i.e., P2h # 0 is statistically
significant. Two specific variables are linked by the significance
of 2i and 2h. If a2i and af2h 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%.

Frontiersin Public Health

*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

Ry 296.524 173.654 0.000
R; 230.874 156.389 0.000
R, 170.962 96.234 0.005
R; 56.964 33.524 0.000
Maximum eigen value

Ry 121.963 70.631 0.000
Ry 70.358 56.324 0.000
R, 32.6354 47.265 0.980
Rs 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
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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 Nigerias 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.

10.3389/fpubh.2022.949729

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, CO; 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 CO, 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
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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 coeflicient, 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 CO; 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 CO; 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
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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,

frontiersin.org


https://doi.org/10.3389/fpubh.2022.949729
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Wang et al.

TABLE 9 Granger causality test.

10.3389/fpubh.2022.949729

DV Type of granger causality
Short run (lag) Long run
ALCO, ALGDPC ALURB ALHE AGOV ARL ECT-1
F-statistics [P-values] t-stat

ALCO, - 3.67521 [0.000] 1.2598 [0.093] 3.24781 [0.005] 1.79524 [0.0911] 1.27694 [0.723] —0.8963 [-2.8238]
ALGDPC 7.31472 [0.000] - 3.46871 [0.000] 1.42603 [0.5611] 4.72093 [0.004] 1.97569 [0.363] —0.13935 [-1.2612]
ALURB 4.1456 [0.000] 5.08139 [0.000] - 2.93131 [0.003] 3.96547 [0.128] 0.32564 [0.355] —0.37560 [-2.3815]
ALHE 4.3544 [0.000] 3.03278 [0.002] 5.52340 [0.000] 0.67769 [0.129] 0.18430 [0.259] 0.92819 [ 0.6178]
AGOV 1.9438 [0.170] 19732 [0.401] 7.3741 [0.000] 2.68452 [0.402] - 5.4384 [0.000] —0.98451 [-1.5043]
ARL 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
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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 worlds
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 In addition,
regulations result in a decrease in the amount of carbon

citizens. stringent environmental

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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