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High-quality environmental governance (EG) is closely related to its governance mode.
Nevertheless, few studies have examined the EG modes from the dual perspectives of
quality and quantity. This article utilizes panel data of 30 Chinese provinces from 2003 to
2020 to research the influence of environmental governance efficiency (EGE) and
investment (EGI) on EG through a fixed-effect mode. The outcomes show that China’s
EG is driven mainly by quantitative EGI. EGE and EGI show significant geographic regions,
economic development levels, resource endowments, and stage heterogeneity to EG. In
light of these conclusions, this article argues that the future needs to reasonably allocate
EGI based on consideration of the heterogeneity of geographical regions, economic
development levels, and resource endowments to optimize EGI structure and increase
EGE in each province to achieve high-quality EG.
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1 INTRODUCTION

While China has made remarkable achievements in the process of industrialization and
urbanization, it has also caused corresponding damage to natural resources and the ecological
environment (Ai et al., 2020; Li et al., 2020). Faced with increasingly severe ecological and
environmental problems, the Chinese government has taken a range of environmental
governance (EG) steps. For example, the 18th National Congress of the Communist Party of
China emphasized ecological civilization construction, and “The Thirteenth Five-Year Plan” clearly
proposed promoting the comprehensive prevention and control of atmospheric, water, soil, and
other multiple pollutants. China’s environmental governance investment (EGI) also rose from
162.77 billion yuan in 2003 to 1063.89 billion yuan. According to the statistics in the Bulletin of
China’s Ecological Environment, the national atmospheric and water environment quality was
further improved in 2020, but 135 of the 338 cities at the prefecture level and above still had ambient
air quality exceeding the standards, and 77.3% of the monitoring points had poor or extremely poor
groundwater quality. The structural, root, and trend pressures of ecological environmental
protection have not been fundamentally relieved overall.

There remains much progress to be had in EG. Although large-scale EGI funds can control
pollution emissions in the short term, as governance measures continue to make considerable
progress, many of the remaining environmental problems are “hard bones” whose complexity and
difficulty result in EG falling into the quagmire of “unlimited investment and limited effects” (Xie
and Wang, 2019). Second, according to the law of diminishing marginal returns, the cost of EG will
gradually increase. If EG does not focus on quality and efficiency, governance speed will not increase
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in the later stage, or pollution will return. Clearly, the level of EG
benefits is inseparable from the EG mode. EG is an essential
means and measure for high-quality economic development, and
the transformation of its governance mode should be consistent
with the transformation of the economic development mode
based on the three great changes of quality change as the
main body, efficiency change as the mainline and dynamic
change as the basis. Such changes will advance environmental
governance efficiency (EGE) realistically and continuously,
thereby maintaining the stability and sustainability of EG.

In summary, analyzing the current EG mode in China and
proposing optimization suggestions have important research
value and practical significance for improving the quality of
EG. The main contributions of this article are as follows: 1)
Through empirical analysis, this article explores whether China’s
current EG mode is driven by quality EGE or quantity EGI to
provide relevant policy suggestions for realizing high EG. 2) The
capital stock of the EG industry is measured for the first time and
incorporated into the measurement of EGE as an input indicator.
Furthermore, the super epsilon-based measure (Super-EBM)
model, which considers the advantages of radial and nonradial
data envelopment analysis (DEA) models, is used to accurately
measure EGE. 3) This article uses econometric methods to further
examine the differences in EG modes under the heterogeneity of
geographical regions, economic development levels, and resource
endowments to propose policy recommendations suitable for
different regional EG modes.

The remaining sections are structured as follows: Section 2
provides the literature review. Section 3 introduces the research
methods and data sources. Section 4 specifies the empirical
results. Section 5 presents the discussion and limitations.
Section 6 offers conclusions and policy implications.

2 LITERATURE REVIEW

Reasonable choice of EG mode is the key to effective
improvement of environmental quality. With the
modernization of the governance system, EG mode is
gradually shifting from government regulation type to market
regulation type, enterprise participation type, public participation
type, and other multi-subject co-governance EG mode. The
existing literature has less research on the EG mode, and
mainly focuses on the qualitative analysis of the current
situation and defects of the EG mode. Recently, scholars have
preferred to explore the impact on EG from the three aspects of
government, enterprises, and the public in order to find ways to
improve environmental quality.

2.1 Study on the Impact of Government
on EG
Due to the negative externalities of environmental pollution and
the public goods nature of environmental governance, there is a
risk of “market failure” in EG. As the subject of EG, the
government is duty-bound to take responsibility for EG (Que
et al., 2018). From the perspective of current environmental

protection practices in China, local governments mainly
formulate and implement EG policies (Pan and Tang, 2021;
Wang et al., 2021), environmental audits (Patriarca et al.,
2017; Cao et al., 2022) and EGI (Basoglu and Uzar, 2019; Li
and Ramanathan, 2020) to improve environmental quality, and
achieved certain effects (Xiong et al., 2020; Jiang et al., 2020).
However, some scholars pointed out that due to imperfect legal
systems (Moshiri and Daneshmand, 2020), the unreasonable
allocation of fiscal environmental protection expenditures
(López et al., 2011), the existence of corruption (Zhang et al.,
2016; Zhao et al., 2022) and spatial spillover effect (He et al., 2018;
Zhao et al., 2021), the EG measures implemented by local
governments cannot effectively reduce pollution emissions.

2.2 Study on the Impact of Enterprise on EG
As the main source of pollution emissions, the adoption of EG
measures by enterprises is the micro-foundation for improving
and achieving EG goals (Chen et al., 2020). The innovative
behavior of enterprises is considered to be an important way
to solve environmental pollution and cope with climate change
(Lin et al., 2021), which can increase the proportion of clean
energy use while reducing the waste of resources (Feng et al.,
2021; Dong et al., 2022; Lin and Ma, 2022). In addition,
enterprises can also improve the effect of EG by means of
green transformation (Zhu et al., 2021) and improving the
efficiency of total factor productivity (Li et al., 2020; Chen and
Huo, 2021).

2.3 Study on the Impact of Public on EG
Due to bureaucracy (Garcia and Burns, 2022), rent-seeking (Du
et al., 2022), and the failure of multiple principal-agent
constraints (Zhou, 2021), there are also “government failures”
and “market failures” in EG (Yang et al., 2019). As an important
stakeholder of environmental resources, the public has become
the third force to improve EG together with local governments
and enterprises (Guo and Bai, 2019). At present, the public
mainly restricts the environmental behavior of enterprises and
urges the government to govern the environment, through letters
and visits (Li, 2021), network public opinion (Tang et al., 2018),
and other forms, so as to improve the environmental quality.
However, at the present, the public is primarily concerned about
the impact of environmental problems that have already occurred
in their daily lives and has not shown a positive willingness to
participate regarding environmental threats that have not yet
erupted (Guo and Bai, 2019). Nonetheless, the public, as a
complementary force of EG outside the government and
enterprises, has a limited degree and depth of participation
(Chen et al., 2015; Chu et al., 2022). The public can only
express its demands on the environment through specific
modes or channels, and its impact on EG is relatively weak
compared with the mode dominated by the government and
enterprises.

2.4 Literature Gap
In summary, the existing literature mainly focuses on discussing
the influencing factors of EG, and there are few studies on the EG
mode. Since the rationality of the choice of EG mode is
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inseparable from the level of environmental effects, this article
starts with the goal of high-quality EG and uses empirical analysis
to explore whether China’s EG mode is driven by quality EGE or
quantitative EGI, which is also the main contribution of this
article. Second, the literature has primarily used radial or
nonradial models to calculate EGE. However, the radial model
ignores the problem of input–output relaxation. Although the
nonradial model makes up for this deficiency, it loses the original
proportion information of the projected value of the efficiency
front, which eventually leads to the inaccurate calculation of the
efficiency value. Moreover, a unified evaluation index system has
not yet been formed for EGE. When selecting input indicators,
most studies have used quantitative indicators such as the total
number of industrial wastewater and waste gas treatment facilities
or the total investment in fixed assets of the whole society as
material input, ignoring the sustainability of capital in the
production process and resulting in a calculated EGE that is
inconsistent with reality. To compensate for the inadequacy of
EGE measurement, this article adopts the perpetual inventory
method to calculate the environmental industry capital stock,
which is included in the calculation of EGE as an indicator of
material capital investment, and the Super-EBM model is used to
measure the EGE to obtain a more realistic efficiency value.

3 METHODS AND DATA SOURCES

3.1 Model Building
Based on the existing research literature, the econometric
equation is designed as follows:

GDPSO2it � α0 + α1EGEit + α2EGIit +∑
j

αjXjit + εit (1)

where i and t denote the province dimension and time dimension,
respectively, GDPSO2 is the sulfur dioxide emissions per unit of
GDP situation, EGE is the environmental governance efficiency,
and EGI is the environmental governance investment. X
represents other control variables that affect the province’s EG
except for EGE and EGI, and j is the j − th control variable.
Because there are outliers in some variables in this article, each
variable is bilaterally tailed at the levels of 1 and 99%.

3.2 Variable Selection
3.2.1 Environmental Governance
In this article, sulfur dioxide emissions per unit GDP (GDPSO2)
is selected as the delegate variable for EG. There are two reasons
for selecting this indicator. First, SO2 is an important factor in
forming acid rain and air pollution. As one of the world’s largest
SO2 emitters, China is facing substantial international pressure to
reduce emissions (Kanada et al., 2013; Deng et al., 2019; Qian
et al., 2020). Second, SO2 is the main pollutant monitored in the
Chinese government’s five-year plan, and the data are easy to
obtain. Moreover, changes in SO2 quantity reflect the EG
situation to a certain extent (Huang, 2018; Zhang and Chen,
2018). In addition, this article standardizes SO2 emissions
through regional GDP to eliminate the endogenous impact of
the regional economic scale. Furthermore, carbon dioxide

emissions per unit of GDP (GDPCO2) and soot and dust
emissions per unit of GDP (GDPSD) are used as the
robustness test indicators in this article. Since China has not
yet collected CO2 emissions data from the relevant provinces, this
article applies the “2006 IPCC Guidelines for National
Greenhouse Gas Inventory” to estimate CO2 emissions. The
calculation formula is:

CO2jt � ∑
8

j�1
Ejt

pTjt
pCjt

pRjt
p44/12 (2)

whereCO2jt is the CO2 emissions of the j − th energy in the year t;
j � 1, 2, . . . . . . 8 denotes eight types of energy (crude oil,
kerosene, coal, fuel oil, coke, gasoline, diesel, and natural gas);
Ejt is the actual consumed j − th energy in the year t; Tjt is the
average low calorific value of the j − th energy; Cjt is the carbon
emission coefficient of the j − th energy; Rjt is the carbon
oxidation rate of the j − th energy; and 44/12 represents the
molecular weight ratio of CO2.

3.2.2 Environmental Governance Efficiency
In this article, the Super-EBM model is used to calculate the EGE
of 30 provinces. The input variables selected include the capital,
labor, and financial resources invested in the pollution control
process of each province, and the output variable is the energy
consumption per unit of GDP output. The calculation method of
each index is as follows:

1) Capital input. The article uses the perpetual inventory method
to evaluate the capital stock of the EG industry. The
calculation formula is:

Kt � K(t−1)(1 − δt) + It (3)
where Kt is the capital stock in the year t; K(t−1) is the capital
stock in year t − 1, which is calculated with the growth rate
method proposed by Hall and Jorgenson (1969); It represents the
new social capital in year t, expressed by the new social capital in
the EG industry in that year and uses the fixed asset investment
price index to deflate to a constant price based on 2003; and δt is
the capital depreciation rate in year t, reflecting the decrease in
the relative production efficiency of capital goods.

The calculation of the capital depreciation rate is the main
issue for measuring capital stock. At present, the main methods
for calculating the depreciation rate include assuming the
depreciation rate (Wu, 2000; Wang and Yao, 2003), estimating
the depreciation rate by using the depreciation amount (Escribá-
Pérez et al., 2018; Amir-ud-Din et al., 2019), econometric analysis
(Hernández andMauleón, 2005; Ning and Diewert, 2011) and the
relative efficiency method (Zhang, 2008; Wu et al., 2014; Long
and Herrera, 2016). However, the objectivity of assuming the
depreciation rate method is poor, which can easily lead to
“expected self-realization.” It is more accurate to estimate the
depreciation rate by using the depreciation amount, but this
approach does not consider the differences, utilization rate, and
investment willingness of various types of capital goods. Due to
the random deviation in the course of parameter estimation, the
final result of the econometric model method has serious errors,
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and some assumptions of the production function are not
sufficient and need to be discussed (Prucha, 1997). The
relative efficiency model is relatively objective and accurate
and conforms to the capital goods homogeneity principle of
standard investment theory. Therefore, this method is used to
calculate the depreciation rate in this article. Different from the
simple “consistent” treatment of depreciation rates in various
regions of the country by many scholars, this article fully
considers the loss of capital goods in the EG industry in
various years and areas and calculates the depreciation rate of
fixed assets by year and region. The calculation formula is:

δt � δpt + δmt + δnt (4)
where δt is the depreciation rate of the EG industry and δpt is the
basic depreciation rate, which reflects the relative impairment
degree of social fixed capital in line with the local economic
development level. The calculation formula is as follows:

δpt � Dt

Kt−1
(5)

Dt is the depreciation of fixed assets under the gross product
income method, andKt−1 is the total social capital of the previous
year. δmt is the industry depreciation rate, which reflects the rapid
depreciation of relative value arising from the improvement of the
utilization rate of capital goods in the EG industry; δnt is the
technical depreciation rate, which embodies the degree of decline
in the relative value of the original fixed assets due to
technological progress. Because the industry’s utilization rate
and technological progress are related to the industry’s capital
stock usage and R&D investment, δmt and δnt can be written as:

δmt � αixmt, δnt � αixnt (6)
αi is the characteristic coefficient of the EG industry, which
represents the heterogeneity factors of the EG industry, xmt

and xnt represent the accelerated usage of capital and the
number of technological advances, respectively. Measuring αi
is a difficult point in this article. This article uses the research
method of Wang et al. (2017) to measure αi by using relative
efficiency S and legal residual value rate L. The basic principle
behind this approach is that the relative efficiency value of capital
goods reaching the service life should be equal to the legal residual
value rate. The expired S can be written as:

S � Π
t
[1 − δpt − αi(xmt + xnt)] (7)

S is the relative efficiency after using capital goods for t years, xmt

and xnt are expressed by the total operating expenses of industrial
waste gas and wastewater governance facilities and R&D
investment, respectively. In this article, fixed assets are divided
into buildings, equipment, and other fixed assets, the service life is
set as 40 and 16 years, respectively, and the legal residual value
rate L is set as 4% according to the “Classified Depreciation Period
Table of Fixed Assets of State-Owned Enterprises” issued by the
Ministry of Finance in 1994.

2) Labor input. The calculation of labor input must consider
both the amount of labor input and the quality of labor.

Therefore, this article uses the product of the actual year-end
headcount of the environmental protection system and the
average years of education to represent human capital input.

EDU � p1 × 16 + p2 × 12 + p3 × 9 + p4 × 6 + p5 × 0 (8)
where EDU represents the average years of education, and
p1, p2, p3, p4, p5 represent, respectively, the percentage of the
general population with a college education level or above, the
percentage of the general population with a senior middle-school
education, the percentage of the general population with a junior
middle-school education, the percentage of the general
population with a primary school education, and the
percentage of the general population without schooling.

3) Financial input. This is shown by the total operation cost of
industrial wastewater and waste gas treatment facilities.

3.2.3 Environmental Governance Investment
EGI refers to the total investment used to improve
environmental quality and prevent ecological environmental
deterioration, which is different from the previous use of
government environmental expenditures indicators to
measure EGI (Huang, 2018; Huang, 2021). In this article, the
amount of investment in environmental pollution governance
in each province is used to measure local environmental control
by referring to Wu et al. (2020), Zhang et al. (2022), and Peng
et al. (2022). The indicator covers three parts: environmental
infrastructure construction investment, industrial pollution
source governance investment, and “three simultaneities”
environmental protection investment in construction
projects. This indicator comprehensively reflects the total
investment made by the region in EG and the efforts and
determination of local governments, enterprises, and other
governance subjects to engage in regional EG and pollution
prevention.

3.2.4 Control Variables
This article includes the following control variables in the
regression analysis: 1) Level of economic development
(PERINC). At present, China still focuses on the extensive
development of “emphasis on the economy, light on the
environment.” Therefore, regional economic development
will inevitably bring about more environmental and
resource consumption, thereby increasing environmental
pollution emissions. This article uses the ratio of the per
capita disposable revenue of various places to the national
per capita disposable revenue to characterize the level of
economic development. 2) Industrial structure (IND). The
higher the proportion of high-energy-consuming industries,
the more serious pollution emissions are (Zhao et al., 2022).
This article uses the proportion of the output value of the
secondary industry in the gross regional product to calculate
the industrial structure. 3) Trade openness (TR). There is no
consensus on whether trade openness promotes or inhibits
pollution emissions (Yin et al., 2015), but trade openness is
expected to influence the environment in various provinces.
The article measures the openness of regional trade by the
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proportion of total import and export trade in regional GDP.
4) Fiscal decentralization (FIN). The influence of fiscal
decentralization on environmental pollution has two main
viewpoints: “race to the bottom” (Que et al., 2018; Zang and
Liu, 2020) and “race to the top” (Chen and Chang, 2020; Khan
et al., 2021). This article uses the ratio of local per capita fiscal
expenditures to central per capita fiscal expenditures to
measure the level of regional fiscal decentralization. 5)
Foreign direct investment (FDI). As the main method of
foreign exchange capital accumulation, foreign direct
investment not only fills the domestic funding gap but also
exerts an impact on the environment of the host country (Tang
and Tan, 2015; Zhang and Zhou, 2016). Therefore, the article
uses the amount of actually utilized foreign investment to
calculate FDI. 6) Population density (POPUDEN). Regions
with higher population density have larger production scales,
which result in a higher degree of damage to natural resources,
leading to increased pollution emissions. This article uses the
proportion of the population at the end of the year in each
provincial area. 7) Ecological environment (EE). The
ecological environment system has a certain self-cleaning
ability (Li et al., 2022), so the environmental pollution
degree in areas with a better ecological environment is
lower (Deng et al., 2012). In this article, the regional forest
area is used to represent the ecological environment.

3.3 Data Sources
The study uses panel data from 30 provinces in China (excluding
Tibet) from 2003 to 2020. The data are mainly from the China
Statistical Yearbook, China Financial Yearbook, China
Environmental Statistics Yearbook, China Environment
Yearbook, China Energy Statistical Yearbook, China Fixed
Assets Investment Statistical Yearbook, and the National
Bureau of Statistics website. In this article, all the price data
are treated with the constant price based on 2003, and some
missing data are filled by the average growth rate per annum
method.

4 EMPIRICAL RESULTS

4.1 Descriptive Statistics
Supplementary Table S1 lists the descriptive statistical results of
540 observations for 10 variables. The outcomes show a large
standard deviation of GDPSO2, indicating that there are obvious
regional differences in EG. There is also significant regional
heterogeneity in the core explanatory variable EGI, the cause
might be the environmental issues faced by different regions and
different stages of economic development so the EGI varies
greatly. For example, due to long-term extensive development,
developed provinces such as Jiangsu and Zhejiang pay more
attention to ecological and environmental protection, so their
EGI is also higher, with average annual investments of 23.72
billion yuan and 17.60 billion yuan, respectively. In contrast, the
EGI in the underdeveloped provinces, such as Hainan and
Qinghai, is relatively smaller due to their good foundation,

with average annual investments of 486 million yuan and 491
million yuan, respectively.

4.2 Baseline Regression Result
Before panel measurement estimation, the model needs to be
selected. In this article, Hausman test values are used to judge
the model. The results show that the fixed-effects model is better
than the random-effects model, so this article adopts the fixed-
effects model for regression. Supplementary Table S2 reports
the regression results of the EGE and EGI impacts on GDPSO2

emissions. After controlling the selected control variables, EGE
and EGI are gradually added in Columns (1) and (2). The results
show that EGE has no significant effect on GDPSO2 emissions,
while with every increase in EGI by 1 unit, GDPSO2 emissions
will be reduced by 2.456 units Inputting the EGE and EGI into
the regression model (Column 3) demonstrates that EGI, IND,
TR, FIN, FDI, and EE can significantly inhibit GDPSO2

emissions at the levels of 1%. In comparison, PERINC can
positively promote GDPSO2 emissions at the significance level
of 1%. Although EGE and POPUDEN has an inhibitory effect
on GDPSO2 emissions, it is not significant. According to the
regression results, at present, China’s EG mode relies mainly on
quantitative capital investment, and the effect of EGE on EG is
not obvious.

4.3 Robustness Test
4.3.1 Replace the Dependent Variable
In this article, GDPCO2 and GDPSD are selected as
indicators to measure EG in various provinces to
eliminate the conclusion deviation caused by the selection
of specific indicators. The regression results in
Supplementary Table S3 (Columns 4 and 5) show that
EGI has a remarkable inhibitory influence on GDPCO2

emissions and GDPSD emissions, while the effect of EGE
is not significant, which is the same as the main results of the
basic regression analysis.

4.3.2 Increase Control Variables
Previous studies have shown that provinces with higher public
education will primarily focus on environmental problems and
have active public participation in activities to improve the
surrounding living area and environmental conditions (Li et al.,
2022). Moreover, different provinces in China have great
differences in ecological environment, economic development
levels, and fiscal revenue, so there is room for “adjusting
measures to local conditions” regarding the intensity of
environmental regulation (Pu and Fu, 2018; Feng et al.,
2020), which leads to differences in EGI and EGE of
regional. Therefore, the regression results of this article may
be affected by the low pollution emissions of provinces with high
education levels and high environmental regulations. To
eliminate the aforementioned factors, this article incorporates
the education levels and environmental regulation intensity into
the control variables for regression, in which the education
levels (EDU) are being expressed by the number of years of
education per capita and the environmental regulation intensity
(ERS) is expressed by the number of environmental regulations
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issued by each province in that year. After the relevant variables
are controlled (Columns 6 and 7), EGI still exerts a remarkable
inhibitory influence on GDPSO2 emissions, while the effect of
EGE is not significant, which further indicates that the results of
this article are not affected by the above factors.

4.3.3 Endogenous Test
In the regression model of this article, explanatory variables
and explained variables may be mutually causal. The main
performance is as follows: on the one hand, EGI will promote
the development of relevant EG industries so that they can
improve the quality of EG equipment and pollution control
technology, thereby reducing pollution emissions. On the
other hand, areas with better environmental quality will
bring positive externalities, provide opportunities for
enterprise development, and attract enterprises to develop
in the region to improve regional GDP. Therefore, areas
with better environmental quality allow decision-makers to
increase investment in EG. Second, for practical reasons, this
article cannot list all the factors affecting EG in detail in the
regression model, so the influence of missing variables will
enter the error term. To control the impact of endogenous
problems on the estimation results, this article refers to Xu
et al. (2021) and He et al. (2022) and uses the data of the
independent variable lagged for one period as its own
instrumental variables for 2SLS regression. The reason for
this approach is that the lagged period of the variable has a
high correlation with the current term, thus effectively
avoiding the endogeneity problems caused by the
correlation between the current variable and the current
residual term. This choice meets the selection criteria for
instrumental variables, and its estimation results are
credible. The Davison–MacKinnon test results for the
endogeneity problem have a p value of 0.53, which cannot
reject the assumption that endogeneity has no obvious impact
on the estimation results. Moreover, this result shows that the
regression results in this article do not have an endogeneity
problem.

4.3.4 Collinearity, Heteroscedasticity, and
Cross-Sectional Correlation Correction
To avoid the regression results from being affected by collinearity
between variables, this article assigns a one-period lag value to all
control variables and then performs a substitution regression
(Column 8). In addition, this article modifies the
heteroscedasticity and cross-section-related problems of panel
data (Column 9) to obtain consistent and effective estimators.
The regression results remain robust.

4.4 Further Analysis
4.4.1 Influence of Geographical Location, Economic
Development Levels and Resource Endowments
Difference
Considering the differences in geographical location,
development stage, and resource endowments among different
regions in China, the driving factors of EG in various provinces
under heterogeneous geographical locations, economic

development levels, and resource endowments are further
discussed. This article primarily uses the following three
methods to divide the provinces: first, in light of the
geographical location, the national sample is divided into two,
the eastern and central regions and the western regions1; second,
the per capita disposable income of each province is compared
with the national per capita disposable income, the provinces
whose average is higher than the national average are classified as
economically developed provinces, and those whose average is
lower than the national average are classified as economically
underdeveloped provinces2; third, referring to the method of Sun
and Liu (2016), China is divided into resource-based provinces
and nonresource-based provinces3 according to the number of
the working population engaged in resource-based industries.
More than 40% of the labor force is engaged in resource-based
industries4, such as “resource development, production, and
business activities”, and these provinces are categorized as
resource-based, while the rest are classified as nonresource-
based provinces. Supplementary Tables S4, S5 (Columns
10–15) show the regression results according to the above
division criteria. The results show that in the eastern and
central regions and economically underdeveloped provinces,
EGI is the main driving factor for EG. In economically
developed provinces and nonresource-based provinces, EG is
driven by both EGI and EGE, while in the western regions
and resource-based provinces, EGE and EGI have no
significant effects on EG.

4.4.2 Time-Division Analysis and Test
In recent years, the central government has paid increasing
attention to environmental protection and governance in
various provinces. In 2001, the “Tenth Five-Year Plan” for the
first time promoted environmental protection and pollution
control as a national strategy. In December 2005, the State
Council issued “The decision on implementing the scientific
outlook on development and strengthening environmental

1Eastern and central regions: Anhui, Beijing, Fujian, Guangdong, Guangxi, Hainan,
Hebei, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Jiangxi, Jilin, Liaoning, Inner
Mongolia, Shandong, Shanghai, Shanxi, Tianjin, and Zhejiang; Western regions:
Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Ningxia, Qinghai, and
Xinjiang.
2Economically developed provinces: Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang,
Fujian, and Guangdong; Economically undeveloped provinces: Anhui, Chongqing,
Gansu, Guangxi, Guizhou, Hainan, Hebei, Heilongjiang, Henan, Hubei, Hunan,
Jiangxi, Jilin, Liaoning, Inner Mongolia, Ningxia, Qinghai, Shaanxi, Shandong,
Shanxi, Sichuan, Xinjiang, and Yunan.
3Resource-based provinces: Gansu, Heilongjiang, Inner Mongolia, Ningxia,
Shaanxi, Shanxi, Xinjiang, and Yunnan; Nonresource-based provinces: Anhui,
Beijing, Chongqing, Fujian, Guangdong, Guangxi, Guizhou, Hainan, Hebei,
Henan, Hubei, Hunan, Jiangsu, Jiangxi, Jilin, Liaoning, Qinghai, Shandong,
Shanghai, Sichuan, Tianjin, and Zhejiang.
4Resource-based industries: Mining and Washing of Coal, Extraction of Petroleum
and Natural Gas, Mining and Processing of Ferrous Metal Ores, Mining and
Processing of Non-Ferrous Metal Ores, Mining and Processing of Non-metal Ores,
Processing of Petroleum and Coking, Manufacture of Non-metallic Mineral
Products, Smelting and Pressing of Ferrous Metals, Smelting and Pressing of
Non-ferrous Metals, Manufacture of Metal Products, and Production and Supply
of Electric Power and Heat Power.
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protection,” which clearly pointed out that environmental
conservation should be considered as important in the annual
selection, appointment and turnover assessment of leading
groups and cadres, weakened the strong incentive effect of the
“promotion championship” by using the “forced” mechanism,
and promoted leading cadres to establish the concept of
ecological civilization by protecting nature, saving energy and
reducing pollution. Accordingly, this article divides the research
period into two periods, 2003–2005 and 2006–2020, to analyze
deeply whether the driving factors of EG have changed after the
strengthening of environmental policies. The time-segment
regression results of Columns (16) and (17) in Supplementary
Table S5 show that EGE and EGI from 2003 to 2005 did not play
a significant role in EG. After the environmental protection
indicators are included in the performance evaluation in 2006,
EGI significantly reduces GDPSO2 emissions at the level of 1%,
but the effect of EGE on the governance of GDPSO2 emissions is
still unremarkable.

5 DISCUSSION AND LIMITATIONS

5.1 Discussion
The benchmark regression analysis in Supplementary Table S2
shows that EGI can effectively alleviate the problem of regional

pollution emissions, which is similar to the conclusions drawn by Li
and Ramanathan (2020), Zeraibi et al. (2021), and others. However,
the effect of EGE on the EG is not significant. As indicated by the
EGE in 2003 and 2020 (Figures 1), only 5 of the 30 provinces have
improved their EGE, which is concentrated in the eastern and central
provinces, while the EGE of other provinces shows a downward
trend. Moreover, China’s EGE is at a low level (0.7) throughout the
whole study period. Among the 30 provinces from 2003 to 2020,
only Beijing, Tianjin, Shanghai, Hainan, and Qinghai have an EGE
greater than 1, whereas the rest are ineffective. Furthermore,
exploring the investment situation shows that the input variables
of physical capital input, human capital input, wastewater, and waste
gas treatment facilities in the provinces with environmental
treatment efficiency greater than 1 are at the lower middle level
among all the investigated objects. For example, the physical capital
input of Hainan is 604million yuan, the human capital investment is
2.21, the operation cost of wastewater and waste gas treatment
facilities is 44 million yuan, and the efficiency value is 3.27. Among
the noneffective provinces, such as Shandong, the three input
indicators are 33.6 billion yuan, 13.96, and 4.75 billion yuan, and
the efficiency value is only 0.4, indicating that the relevant input
factors in most Chinese provinces are not reasonably converted into
EG output, and there is resource waste and low efficiency, which is
also the main reason why EGE cannot effectively control GDPSO2

emissions.

FIGURE 1 | Proportion of three types of EGI in 2003-2020.
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Based on the consideration of geographical location, economic
development levels, and resource endowment heterogeneity, this
article further explores whether the above factors exert an impact
on the EG mode. The results show that EGI in the eastern and
central regions and economically underdeveloped provinces can
significantly reduce GDPSO2 emissions and improve EG effects,
while EGI and EGE exert a noticeable inhibitory impact on
GDPSO2 emissions in economically developed provinces and
nonresource-based provinces. The main reason is that
economically developed provinces and nonresource-based
provinces have the strong financial strength and technological
innovation levels, which can not only deal with existing pollutants
but also rely on green technology research and development and
the reasonable allocation of pollution control elements to
improve pollutant treatment efficiency from the source,
thereby reducing pollution (Wang et al., 2020). In addition, in
the western regions and resource-based provinces, the influence
of EGE and EGI on EG is not significant. From the perspective of
the EGI amount and pollution emissions, the average annual EGI
in the western regions and resource-based provinces from 2003 to
2020 is 3.34 billion yuan and 3.76 billion yuan, respectively; the
average annual GDPSO2 emissions are 17.07 (ton/billion yuan),
and 16.42 (ton/billion yuan), respectively; the annual growth rate
of EGI is 2.81 and 2.72%, respectively, and the annual reduction
rate of GDPSO2 emissions are 17.13 and 17%, respectively. The
reduction rate of pollution emissions was significantly higher
than the investment growth rate. However, the EGI in the
regression analysis does not have a remarkable impact on EG.
The main reasons are as follows: according to the early EG
experience of developed countries, the environmental
deterioration trend can be generally controlled when the EGI
accounts for 1–1.5% of GDP, and the environmental quality can
be significantly improved when the proportion is 2–3%. However,
the western regions and resource-based provinces primarily
follow the economic development approach of “pollution first
and governance later,” their environmental pollution situation is
relatively serious, and the EGI as a share of GDP is only 0.78 and
0.67%, respectively. Such an approach can reduce some pollution
emissions, but because of the large base of total pollution and
historical debt, there is still a certain distance to controlling the
trend of environmental degradation. In addition, 87% of China’s
SO2 emissions come from industry. According to the current
statistical caliber of EGI, EGI can be divided into three categories:
environmental infrastructure construction investment, industrial
pollution source governance investment, and “three
simultaneities” environmental protection investment in
construction projects. From the structure of EGI in 2003–2020
(Figure 1), the proportion of investment in environmental
infrastructure construction in China’s western regions and
resource-based provinces is 51 and 54.9%, respectively, but
this portion of the investment is not closely relevant to
pollution governance, whereas the proportion of investment in
industrial pollution governance most directly related to pollution
reduction is the lowest, with an average annual rate of only 14.52
and 15.24%, respectively. This distortion of the EGI structure
further masks the severe reality of insufficient direct pollution
control capital investment in the western provinces and resource-

based provinces. Moreover, most of China’s western provinces
and resource-based provinces belong to regions with better
environmental and ecological systems and have a certain self-
cleaning and self-purification capacity for environmental
pollution. Therefore, the reduction rate of GDPSO2 emissions
is partly derived from the self-purification of the regional
environment, and EGI makes a small contribution to the rate
of reduction in pollution emissions, which is also one of the main
reasons that EGI has no significant effect on reducing GDPSO2

emissions. In terms of EGE, since the western regions and
resource-based provinces mainly rely on the development of
heavy industries based on natural resources, the abundance of
their own natural resources has a crowding-out effect on R&D
and innovation, resulting in the flow of funds from the R&D
department to the primary product department, which eventually
leads to relatively low levels of material, human and financial
resources and decreasing overall EGE (0.57 and 0.30,
respectively). Consequently, GDPSO2 emissions cannot be
effectively controlled.

In addition, based on the event of green political performance
assessment, this article explores the changes in the driving
factors of the EG mode before and after the strengthening of
EG policies. The relevant results show that from 2003 to 2005,
the EGE and EGI did not remarkably inhibit GDPSO2

emissions. The reasons are as follows: before 2006, China
mainly adopted the “GDP only” political performance
assessment system, in which regional officials mainly
concentrated on the economic development of the areas
under their jurisdiction (Li et al., 2022) and paid only
perfunctory attention to the environmental protection and
governance requirements raised by the central government.
Moreover, some officials withheld some EG costs and turned
them into their own “head fees” (Moshiri and Daneshmand,
2020). Finally, the implementation of environmental protection
policies and capital investment are greatly discounted, which is
also the main reason why the EGE and EGI cannot substantially
ameliorate the situation of environmental pollution. The EGI
from 2006 to 2020 was notably negative at the 1% level,
illustrating that the “pressure-based performance system” will
produce the same “championship” effect, promoting local
officials to “compete for harmony” to increase the scale of
EGI and reduce environmental pollution (Xue et al., 2014;
Kahn et al., 2015). However, the effect of EGE on GDPSO2

emissions is still not significant, which is mainly due to the long
time period and energy required for the reasonable allocation of
resources, technological improvement, R&D, and personnel
training to improve EGE, while EG has the characteristics of
“predecessors planting trees, descendants enjoying cool”. In
addition, local officials have a relatively short term of office.
Therefore, in the context of continuously strengthening
environmental protection assessment, it is undoubtedly the
best choice for local officials to pursue short-term pollution
control capital investment with quick effects.

5.2 Limitations
In the empirical analysis, relevant factors affecting the
environment are included in the model to the greatest extent
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possible. However, due to the unpredictability of some variables,
the results of this study cannot completely exclude the impact of
other factors on the environment, so there are certain deviations
in the results. Moreover, this article only analyzes the current EG
mode. The key factors that can promote the transformation of EG
mode can be further discussed in future research. The in-depth
analysis of the aforementioned content will provide more
sufficient and reliable suggestions for the transformation of
China’s EG mode and the improvement of EG quality.

6 CONCLUSION AND POLICY
IMPLICATIONS

6.1 Conclusion
Using the data of 30 provinces in China from 2003 to 2020, this
article explores the current EG mode in China and draws the
following conclusions: 1) Overall, China’s current extensive
governance mode focuses mainly on increasing EGI. 2) In
terms of geographic location, economic development levels,
and resource type, EGI in the eastern and central regions and
economically underdeveloped provinces is the main driving
factor for EG, while EGI and EGE in economically developed
provinces and nonresource-based provinces can simultaneously
decrease pollution emissions and improve the effect of EG. In the
western regions and resource-based provinces, EGI and EGE have
no significant effects on EG. 3) In the view of time, EGE and EGI
had no significant impact on EG from 2003 to 2005. Until 2006,
EGI significantly reduced environmental pollution. Furthermore,
the effect of EGE before and after the policy change is not
significant.

6.2 Policy Implications
According to the research conclusions, to reduce pollution
emissions and improve the effect and quality of EG, this essay
suggests the following policy implications: 1) Optimize the
locality allocation of EGI and strengthen the pertinence of
environmental pollution management. During the course of
environmental cleanup, the development characteristics and
actual situation of different regions should be considered. Due
to their development mode, the western regions and resource-
based provinces have serious environmental pollution and many
historical debts. Therefore, in the short term, we should further
increase EGI to reduce pollutant emissions and strive to repay the
historical debts while not incurring new ones. In addition, the
administration should optimize the EGI structure and increase
the amount of investment related to industrial pollution
governance. 2) In the EG process, we should not only focus
on effective and timely quantitative capital investment in
pollution prevention and control but also comprehensively
consolidate the concept that “only high-quality innovation can
drive high-quality development,” fully implement “scientific and
technological innovation as the core” in EG, and improve the
investment proportion of “software” for EG to realize scientific
and accurate pollution control. For example, to strengthen the
construction of environmental protection teams and increase the
investment in scientific research on EG, it is crucial to further

R&D investment in technology and equipment related to EG. In
addition, the innovation subjects of environmental control
technology come mainly from micro-enterprises and scientific
research institutions. Therefore, the government should increase
incentives for their technological innovation so that they can
“attack difficulties, strengthen weak points and catch up with the
frontier” and fundamentally adjust the way of EG. 3) Improve the
supervision mechanism for environmental treatment and the
efficiency of the use of government funds. Local governments
should improve the EG assessment mechanism, incorporate EG
innovation into the assessment content of functional
departments, and build an assessment system that focuses on
quality and supplements with quantity. At the same time, it is
necessary to build a government-based diversified EG mode,
encourage the public, nongovernmental organizations, and
other social entities to actively participate in supervision
actively, clarify the boundaries of the responsibilities and
rights of each entity, promote the coordination and
complementarity among different entities, and enhance the
efficiency of resource input, so as to guide high-quality EG. In
addition, other policy recommendations include strengthening
the efficiency of the use of EG funds, effectively supervising fund
use, improving the accountability mechanism for the utilization
of environmental funds, earmarking funds for special purposes,
and avoiding dark-box operations.
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