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Abstract: The question of how to achieve the sustainable development of resource-based cities has
been a major concern for the whole world. In response, the Chinese government has introduced the
National Sustainable Development Planning of Resource-Based Cities Policy (SDPRP) to address
sustainable development issues in resource-based cities. However, few studies have evaluated the
environmental effects of the implementation of the SDPRP. Therefore, difference-in-differences (DID)
and mediation effect models were applied to investigate the impact of the SDPRP on pollution
emission intensity using balanced panel data for 270 prefecture-level cities in China from 2003 to
2018. The statistical results reveal that the SDPRP significantly reduced pollution emission intensity.
Robustness test results showed that the conclusions are robust. Furthermore, the inhibitory effect
of the SDPRP on pollution emission intensity increased year after year. We also found that the
SDPRP can reduce pollution emission intensity by facilitating technological innovation, accelerating
digital transformation, and improving human capital level, in which the role of human capital is
stronger, while the role of digital transformation is weaker. The heterogeneity results suggest that
compared with mature resource-based cities, the SDPRP had a stronger inhibitory effect on the
pollution emission intensity in declining resource-based cities. However, the impact of the SDPRP
on pollution emission intensities in growing resource-based cities was significant, while it was not
significant in regenerative resource-based cities. Similarly, the SDPRP had a significantly greater
inhibitory effect on pollution emission intensity in megacities than in large cities, while it increased
the pollution emission intensity in small- and medium-sized cities.

Keywords: pollution emission intensity; difference-in-differences model; resource-based cities

1. Introduction

China’s rapid economic and social development could not have been achieved without
the support of abundant natural resources [1]. As suppliers of basic energy and important
raw materials, resource-based cities have provided most of the resources and energy needed
for China’s economic development based on their resource endowments [2,3]. Since the
reform and opening up in 1978, resource-based cities have produced 52.9 billion tons of
raw coal, 5.5 billion tons of crude o0il, 5.8 billion tons of iron ore, and 2 billion cubic meters
of timber. In order to speed up economic development, change the management system
and policies in production that were not in line with production development and build
up a market economy system under socialism, the Chinese government implemented a
policy of internal reform and external opening up, namely reform and opening up, in
1978. During the First Five-Year Plan period, 53 out of 156 national key construction
projects were laid out in resource-based cities, and the amount of investment received
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by resource-based cities accounted for about 50% of the total investment, which made
a substantial contribution toward building a complete industrial system and promoting
economic development in China. However, the overexploitation and consumption of
resources in resource-based cities caused a huge impact on the ecological environment
and social development [4]. For example, the development model of resource-based cities
still strongly relies on the development of traditional industries and the exploitation of
natural resources, and its modern manufacturing and high-tech industries are still in the
primary development stages [5]. Simultaneously, resource-based cities have a weak ability
to gather talents, capital, and innovation, causing a serious lack of support and security for
alternative industries [6,7]. Some resource-based cities have repeatedly developed low-level
projects, such as those with high energy consumption, pollution, and emissions, causing the
contradiction between economic development and ecological and environmental protection
to become increasingly prominent. [8-12].

Under the current circumstances of rising international political and economic uncer-
tainty and instability, as well as the prominent problems of unbalanced, uncoordinated,
and unsustainable economic development in China, resource-based cities are facing serious
challenges to their sustainable development, and the task of accelerating the transformation
of its economic development model has become very arduous. Therefore, to achieve envi-
ronmentally sustainable development by accelerating the transformation of the economic
model of resource-based cities, the Chinese government enacted the National Sustainable
Development Plan of Resource-Based Cities Policy (SDPRP) on 12 November 2013. The
plan stipulates 262 resource-based cities, including 126 prefecture-level administrative
regions, 62 county-level cities, 58 counties, and 16 municipal districts. The SDPRP’s target
is to achieve green transformation, enhance sustainable development, and reduce the total
amount of pollutant emissions [13,14]. The targets of the SDPRP coincide with the current
stage of China’s strategy for high-quality economic development, which has brought the
sustainable development of resource-based cities to a new stage of development. On the
one hand, SDPRP guides the development of resources on a large scale and intensively to
improve the level of resource conservation and comprehensive use by firmly establishing
the concept of sustainable development, strengthening the planning and management of
resource development, and strict market access conditions. On the other hand, SDPRP
aims to promote green development, circular development, and low-carbon development
by strengthening ecological protection and environmental remediation, so as to achieve a
positive interaction between resource development and urban development. Therefore, the
SDPRP plays a crucial role in implementing sustainable development in resource-based
cities. Despite the many practical implications of the SDPRP, few studies have examined
the environmental effects that have resulted as outcomes of its implementation. As such,
in this exploratory study, we investigated the actual effectiveness of the SDPRP from the
perspective of environmental sustainability and mainly answered the following questions:
Has the implementation of the SDPRP reduced pollution emission intensity? What are the
pathways through which the SDPRP has affected pollution emission intensity? What are
the heterogeneity of the impact of the SDPRP on pollution emission intensity in different
city sizes and city types? Answering these questions will not only help to inform policy
insights for China and developing countries with a similar economic development to
China in guiding the green transformation of resource-based cities and achieving quality
economic development, but also provide some reference for the evaluation and formulation
of relevant policies.

The sustainable development of resource-based cities is not only a long-term, multi-
dimensional dynamic adjustment process, but also a balanced and coordinated develop-
ment of economic, social, and ecological systems. Resource-based cities are vulnerable
to economic downturns because they lack the internal capacity to develop alternative
economic functions [15]. Their economic growth is often accompanied by the resource
curse effect, with higher vulnerability due to path dependence and lock-in effects [16].
With the increasing contradiction between economic growth and environmental pollution,
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the question of how to reduce pollution emissions in resource-based cities to achieve green
development has become a common concern for governments and scholars [17]. Currently,
most scholars’ research on resource-based cities and their sustainable development mainly
include the following aspects.

From a research perspective, the results in this field can be roughly divided into two
categories: theoretical research and empirical research. In theoretical research, some schol-
ars have applied theories, such as life cycle theory, industrial structure evolution theory,
and sustainable development theory, to the evolution of resource-based cities. Simultane-
ously, some scholars have innovatively employed the theories of neo-structural economics
and ecological science to study the laws governing the transformation of resource-based
cities. For example, Murshed and Serino constructed a new structural economics ana-
lytical framework for the industrial transformation of resource-based cities [18]. They
proposed that the industrial screening of resource-based cities should be closely linked to
the life cycles of the cities. Additionally, some scholars have incorporated concepts such
as sustainable development and the green economy into the study of resource-based city
transformation to ensure that their research is more closely aligned with the current policy
status quo in China [19]. For instance, Xie et al. pointed out the difference between green
transformation and general economic transformation from multiple perspectives, such
as economic, social, corporate, and government perspectives [20]. Regarding empirical
research, some scholars have analyzed the current development situation of resource-based
cities from the perspectives of resource endowment, environmental regulation, innovation
environment, and industrial structure [21-24]. Millar and Choi argue that knowledge
is also a valuable resource, including patents, innovation, technology transfer, etc., and
that knowledge is one of the most critical resources for developing economies [25]. Qian
et al. suggested that there is a resource curse effect in Chinese coal-mining cities, and
environmental regulation has an “N”-shaped relationship with economic growth, as seen
when using the system generalized method of moments [26].

Based on the current problems faced by resource-based cities, such as population
shrinkage, the resource curse, and economic stagnation, some scholars have explained the
future development direction of resource-based cities by considering economic develop-
ment, income growth, and social welfare [27-29]. Yigitcanlar and Kamruzzaman argue
that cities are at the forefront of economic development and that along with rapid urban
economic growth and an increasing share of the urban population, the act of enhancing
the quality of life at the expense of natural resource depletion and ecological damage often
becomes the primary choice for urban development, which is not conducive to long-term
prosperity, and therefore sustainable urban development is particularly important [30].
Some of these scholars have also explored the sustainable development of resource-based
cities from the perspectives of environmental governance, sustainable development, urban
resilience, and ecological carrying capacity, bringing resource and environmental factors
into the analytical framework [31,32]. Wang et al. pointed out that a comprehensive
evaluation of the environmental carrying capacity of resource-based cities requires full
consideration of the synergy between the economic, social, resource, and environmental
sub-dimensions, and that the constraints on the comprehensive environmental carrying
capacity of mineral-resource-based cities vary from one mineral-resource-based city to
another [33]. Ruan et al. applied the grey relational method to analyze the policy factors
affecting sustainable development in Yichun, China [34].

In addition, some scholars have estimated the environmental carrying capacity impact
on resource-based cities based on specific policies that have been introduced by the Chinese
government in recent years. For example, Ruan et al. applied the DID model to assess
the impact of the establishment of national high-tech zones on resource dependence in
resource-based cities [35]. Yang et al. pointed out that the establishment of a national
sustainable development innovation demonstration zone is the primary direction that
resource-based cities should go to achieve sustainable development in the future [36]. Li
et al. found that sustainable development policies contribute to industrial transformation,
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but that there is significant regional heterogeneity in the characteristics of such policy
effects [37]. Similar studies were conducted by Zeng et al., Yang et al., and Yu and Zhang,
among others [38—40]. In summary, although the above studies explored the sustainable
development and transformation models of resource-based cities in detail through qual-
itative analyses, quantitative measurements, and simulations, there are few empirical
analyses of the impact of the SDPRP on pollution emission intensity in resource-based
cities. In particular, there is a lack of research related to assessing the environmental effects
of sustainable development policies in resource-based cities, and policy assessment tools
based on econometric research methods need to be enriched.

The existing research can be enriched on several levels. First, in terms of research con-
tent, this study included not only 108 resource-based cities but also 162 non-resource-based
cities. The full permutation polygon synthesis illustration method was applied to calculate
the pollution emission intensity by considering wastewater, waste gas, and solid waste,
which makes the research more detailed and targeted. Second, the difference-in-differences
(DID) method was employed to verify the impact of the SDPRP on pollution emission
intensity. Furthermore, the instrumental variable method, counterfactual test, and placebo
test were used to test the robustness of the results. Simultaneously, mediation effects
were applied to analyze the mechanisms underlying the effect of the SDPRP on pollution
emission intensity by technological innovation, digital transformation, and human capital.
Finally, according to the heterogeneity in urban population sizes and urban types, this
study further considered the impact of the SDPRP on pollution emission intensity.

2. Theoretical Analysis and Research Hypotheses

As a crucial strategic guarantee base for energy resources in China, resource-based
cities are vital for supporting the sustainable and healthy development of the national
economy. The SDPRP takes the accelerated transformation of economic development as
its main line of action, and ultimately promotes the sustainable development of resource-
based cities by relying on institutional innovation, technological innovation, and talent
construction, as well as the use of information technology, such as the Internet+, big data,
and cloud computing. The SDPRP is also an important tool for promoting new industri-
alization and new urbanization and achieving high-quality economic development [41].
Therefore, this study mainly investigated the internal influence mechanism of the SDPRP
on pollution emission intensity from the perspectives of technological innovation, digital
transformation, and human capital.

Resource-based cities rely on their rich natural resources to lay the foundation for
developing new energy from the perspective of technological innovation. Implementing
the SDPRP has not only inspired local governments to develop and apply new materials,
such as nanomaterials, high-performance rare earth materials, and renewable materials,
but also encouraged local governments to exploit new energy industries, such as wind
power, photovoltaic power generation, and biomass energy, in cities with the appropriate
conditions to reduce pollution emission [42]. Furthermore, the SDPRP reduces pollution
emissions at the source by improving the pollution control technology level; strengthening
desulphurization, denitrification, and dust removal in high-energy-consuming and high-
polluting enterprises, such as thermal power, metallurgy, chemicals, and building materials,
as well as strengthening volatile organic pollutant management, toxic waste gas control, and
deep waste treatment [43]. Moreover, implementing the SDPRP accelerates the upgrading
of key technologies by local governments, which can effectively control pollutant emissions
within the entire production chain.

When implementing the pilot cities, resource-based cities also rely on tools such as
the Internet+, cloud computing, and big data to popularize knowledge of energy-saving
and emissions reduction and encourage the use of low-carbon products as a means of
reducing urban pollution emission levels [44]. Simultaneously, implementing the SDPRP
has accelerated the digital transformation of resource-based cities [45]. Through digital
services, resource-based cities have not only achieved the orderly development of mineral
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and oil resources but also reduced production, transaction, and management costs [46]. In
addition, 5G technology has been popularized in resource-based cities with the enactment
of the SDPRP, and more local governments are trying to use 5G technology to transform
traditional mining industries to achieve industrial transformation and green production,
minimizing the negative impact of enterprises on the ecological environment.
Additionally, the SDPRP meets the diversified needs of resource-based cities for tal-
ents by coordinating a pool of professionals with expertise and high skills in pollution
control. By relying on enterprises dominated by resource-based industries, resource-based
cities can also provide opportunities for relevant professionals to exchange and experi-
ment with technology [47]. At the same time, the spillover effect of human capital will
enable resource-based industries to gradually realize sustainable development that is
driven by technological progress and management innovation, thereby reducing pollu-
tion emissions [47]. Ultimately, the promulgation of the SDPRP will raise awareness of
environmental pollution among residents and laborers who have long been working as
resource-based industrial development leaders, thus providing the backbone for the green
transformation of resource-based cities. Based on the previous analysis of the mechanism
of the SDPRP on pollution emission intensity, the following hypotheses were proposed:

Hypothesis 1 (H1). The SDPRP has a significant inhibiting effect on urban pollution intensity.

Hypothesis 2 (H2). The SDPRP relies on technological innovation, digital transformation, and
human capital to reduce urban pollution emission intensity.

3. Methods and Variable Selection
3.1. Econometric STRATEGIES

The difference-in-differences method (DID) is a widely used econometric method in
policy analysis that focuses on evaluating the extent to which a particular policy, when
implemented in a region, affects a particular aspect of that region. The basic principle of the
DID method is to divide the survey samples into two groups: one is the policy object—that
is, the “experimental group”—and the other is the non-policy object—that is, the “control
group.” Based on the information about the experimental and control groups, we could
calculate the values of changes in the explanatory variables in the experimental group
before and after implementing the SDPRP [48,49]. Therefore, the enactment of the SDPRP
was treated as a quasi-natural experiment in this study in which cities with the SDPRP
enacted served as the experimental group and cities without the SDPRP enacted served as
the control group. After that, the DID method was used to analyze the effect of the SDPRP
on the pollution emission intensity. Referring to Nawaz et al., the model was set up as
follows [50]:

EQj = g + Dél(TREAT,‘t X TIME,}) + BnCONTROLj 4 u; + 6 + €4 1)

where i represents a prefecture-level city; ¢ represents the year; EQ;; represents the pollution
emission intensity of the iy, of a prefecture-level city in the year t; TREAT}; is a city-
grouping variable, in which the sustainable development planning of resource-based cities
is defined as 1 for pilot cities and 0 for non-pilot cities; and TIME j; is a time-grouping
variable, which is defined as 1 if the SDPRP was implemented in city i in year f or 0 if the
SDPRP was not implemented in city i. The coefficient of TREAT;; x TIME;; represents the
impact of the SDPRP on pollution emission intensity. CONTROL;; represents a series of
control variables, including economic development (RGD P;;), population density (POPL;;),
industrial structure upgrading (IND};), infrastructure (JCSS;), and financial development
(FD;t). u; represents an individual-fixed effect, J; represents a time-fixed effect, and ¢; is a
random error term. g, «1, and S, are the coefficients to be estimated.

As we described in Section 2, the SDPRP affects the pollution emission intensity
through technological innovation (T1I;), digital transformation (DT};), and human capital
(HUMj;). Therefore, following Baron and Kenny, we used a three-step approach to verify
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the impact of the SDPRP on the pollution emission intensity [51]. The econometric model
was constructed as follows:

EQjt = Bo + B1TREAT;; x TIME;; + yCONTROLj; 4 y; + ¢ + €; (2)

M = ag + a1 TREAT;; x TIME;; + wCONTROL; + p; + 6; + € 3)
EQi; = o 4+ ¢1 TREAT; x TIME; + 0 M, + pCONTROLy; + p; + ¢ + € )

where M;j; represents the mediation variables, including technological innovation (TI;;),
digital transformation (DTj;), and human capital (HUM;j;). Based on the three-step test for
mediation effects, Equation (2) was used to test the effect of the SDPRP on the pollution
emission intensity. If the coefficient f; was significantly negative, it implies that the
SDPRP significantly reduced the pollution emission intensity. Again, we included the core
explanatory variables and the mediation variables in Equation (3), and if the coefficient
«1 was significant, it means that the SDPRP significantly affected the mediation variables.
Furthermore, the core explanatory variables and mediation variables are included in
Equation (4). If ¢; was significant, this indicates that there was a transmission path in
which the SDPRP affected the pollution emission intensity. In addition, we used the
bootstrap method to test the robustness of the influence mechanism and calculated the
share of indirect effects in the total mediation effect.

3.2. Variable Selection
3.2.1. Dependent Variable

Pollution emission intensity (EQ) is affected by a variety of pollution sources in a com-
plex environment; thus, a single pollution emission intensity indicator cannot objectively
and comprehensively reveal the true pollution emission intensity level [52,53]. The index
system of pollution emission intensity was constructed in terms of three pollution sources,
namely, air pollution, water pollution, and solid waste pollution. For the calculation of
comprehensive indicators, previous studies mostly used hierarchical analysis, multivariate
statistical analysis, the Delphi method, and the entropy method to build the evaluation
function of comprehensive indicators [54]. However, the above evaluation method lacks
the dynamic consideration of the “time dimension” and serious random defects. Therefore,
this study adopted the full permutation polygon synthesis illustration method, which not
only provides a comprehensive assessment of pollution emission intensity from a dynamic
perspective but also avoids the issue of overlapping information between multiple indicator
variables [55-57]. The specific measurement process was as follows:

(uu_Lu)(Xu — Tu)

S p—
" (U, +L, 2T, X, +U,T, + L, T, — 2U,L,

©)

whereu =1, 2, ..., n; U, represents the maximum value of X,,; L, is the minimum value
of Xy; Ty is the mean of X,;; and S, is the normalized index value. Then, Equation (6) was
used to calculate the comprehensive index of urban pollution emission intensity:

i#i (s, S
S:Zl:](l+1)(]+1) (6)
2n(n—1)

where S; and §; represent the individual standardized indicator values for the three pollu-
tants (i, j=1,2,...,nand S; # S]-).

3.2.2. Core Explanatory Variables

To examine the impact of the SDPRP on pollution emission intensity, we set 108
resource-based cities among the 270 cities implementing the National Sustainable Develop-
ment Plan of Resource-Based Cities as the experimental group, which was defined using
the value 1 (TREAT = 1); the remaining 162 cities formed the control group, which was
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defined using the value 0 (TREAT = 0). We set the period of 2013-2018 as the time variable
for sustainable planning in resource-based cities, which was defined using the value 1
(TIME = 1), and 2003-2012 as the period before the introduction of sustainable planning in
resource-based cities, which was defined using the value 0 (TIME = 0).

3.2.3. Control Variables

To control for the influence of other factors on pollution emission intensity, several
control variables, including economic development (RGDP), population density (POPL),
advanced industrial structure (Ind), infrastructure construction (JCSS), and financial
development (FD), were introduced. Economic development (RGDP) was characterized
using a city’s gross regional product divided by the total population at the end of the
year [58]. Population density (POPL) was characterized by the number of people in a
prefecture-level city divided by the area of the administrative region. Referring to Pan
et al., advanced industrial structure (IND) was measured using the proportion of the
total tertiary output value to the total secondary output value [59]. The area of urban
paved roads divided by the population of prefecture-level cities was used to measure
infrastructure construction (JCSS) [60]. Financial development (FD) was measured using
the entire loan balances of financial institutions at each year’s end [61].

3.2.4. Mediation Variables

Mediation variables, such as technological innovation (TI), digital transformation (DT),
and human capital (HUM), were introduced into the study to analyze the mechanisms
underlying the effect of the SDPRP on pollution emission intensity. The total number of
patents granted for inventions was used to measure technological innovation (TI) [62].
The number of international Internet users per 100 people was used to measure the digital
transformation (DT) [63]. Human capital (HUM) was measured using the number of
college students per 10,000 people in each prefecture-level city [64].

3.2.5. Data Resources

Balanced panel data from the 270 prefecture-level cities in China from 2003 to 2018
were used as the subject of this study. All original data were obtained from the China
Statistical Yearbook, the China Urban Statistical Yearbook, and the statistical yearbooks of
various cities. For some of the missing data, this study calculated the missing values using
linear interpolation. The relevant variable definitions are shown in Table 1.

Table 1. Variable definitions.

Variables Variable Symbols N Mean Sd
Pollution emission intensity EQ 4320 2.4064 1.2583
Economic development RGDP 4320 10.2102 0.8322
Population density POPL 4320 5.7638 0.9043
Advanced industrial structure IND 4320 0.86329 0.4530
Infrastructure construction JCSS 4320 10.9536 7.9239
Financial development FD 4320 16.0316 1.3518
Technological innovation TI 4320 6.3233 1.8254
Digital transformation DT 4320 3.4172 1.2552
Human capital HUM 4320 1.115 1.4011

4. Results

4.1. Parallel Trend Test

An additional important prerequisite for the use of the DID method is that the ex-
perimental and control groups satisfy the assumption of parallel trends (i.e., the pollution
emission intensity of the experimental and control groups maintained a relatively stable
change trend prior to the implementation of the SDPRP). Referring to Qi-ying et al., we
discerned whether the experimental and control groups had a consistent trend of change
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before the promulgation of the SDPRP by plotting the time trend of the dependent variable
(see Figure 1) [65]. Figure 1 reveals that the evolution trend of the pollution emission
intensity in resource-based cities and non-resource-based cities was the same before 2013,
indicating that the DID model was suitable for this study.

25

15

Pollution emission intensity
2
|

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
year
—@—— Non-resource-based cities ——& — - Resource-based cities

Figure 1. Parallel trends in the dependent variables.

4.2. Benchmark Regression Results

In this study, the DID method was used to examine the impact of implementing the
SDPRP on the pollution emission intensity. As reported in Table 2, the pollution emission
intensity decreased significantly at the level of 5% after implementing the SDPRP. The
SDPRP reduced the pollution emission intensity by an average of 17.05%. Hypothesis 1
was, therefore, verified. In addition, to more rigorously analyze the impact of the SDPRP
on pollution emission intensity, we used the DID model to assess the dynamic effect of the
SDPRP on pollution emission intensity. The dynamic effect results show that the pollution
emission intensity generally had a decreasing trend after implementing the SDPRP. In
addition, there was a time lag in the impact of the SDPRP on pollution emission intensity.
In the first and third years of implementation, the pollution emission intensity decreased by
1.8% and 4.29%, respectively, and the effect of the SDPRP on pollution emission intensity
showed an upward trend, but the impact was not significant. In the fourth, fifth, and sixth
years of implementing the SDPRP, the pollution emission intensity decreased by 72.38%,
118.04%, and 134.4%, respectively, which showed a significant upward trend. Therefore,
the effect of implementing the SDPRP on the reduction in pollution emission intensity
gradually increased with time, indicating that the SDPRP had a significant dynamic effect
on the pollution emission intensity.
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Table 2. Benchmark regression results.

Pollution Emission Intensity

Variables Average Treatment Effects Dynamic Effects
TREAT x TIME —0.1705 **
(0.0594)
TREAT x YEAR2013 —0.0180
(0.0416)
TREAT x YEAR2014 0.0507
(0.0439)
TREAT x YEAR2015 —0.0429
(0.0476)
TREAT x YEAR2016 —0.7238 ***
(0.0579)
TREAT x YEAR2017 —1.1804 ***
(0.0788)
TREAT x YEAR2018 —1.3440 ***
(0.0896)
Cons 4.8728 *** 2.7961 *
(0.6207) (0.0753)
Control variables Yes Yes
Individual effect Yes Yes
Year effect Yes Yes
R? 0.1576 0.3688
N 4320 4320

Note: Standard errors are given in parentheses; ***, **, and * indicate significance at the 1%, 5%, and 10% levels,
respectively.

4.3. Analysis of the Influence Mechanism

The benchmark regression results revealed that the SDPRP had a significant dampen-
ing effect on pollution emission intensity. However, as mentioned in Section 2, the SDPRP
may influence pollution emission intensity through technological innovation, digital trans-
formation, and human capital. We further used the mediation effects model and bootstrap
method to test the influence mechanism of the effect of the SDPRP on pollution emission
intensity (see Table 3). Column (1) shows that the SDPRP reduces pollution emission
intensity, which passed the significance test at the level of 1%. Column (2) shows that the
regression coefficient of the SDPRP was significantly positive at the 1% level, indicating
that the SDPRP significantly promoted technological innovation. Column (3) shows that
the regression coefficient of technological innovation was significantly negative at the 1%
level, indicating that technological innovation could effectively reduce pollution emission
intensity. Columns (1)—(3) reveal that the SDPRP could reduce pollution emission intensity
by increasing the technological innovation level, where the mediation effect was —0.7398,
accounting for approximately 23.11% of the total effect.

Column (4) shows that the regression coefficient of digital transformation was signifi-
cantly positive at the 1% level, implying that the SDPRP promotes digital transformation.
The coefficient for digital transformation in column (5) was significantly negative at the 5%
level, indicating that digital transformation was effective at reducing pollution emission
intensity. Thus, the SDPRP could reduce the pollution emission intensity by increasing
digital transformation. The mediation effect of digital transformation was —0.1445, ac-
counting for approximately 4.49% of the total effect. According to columns (6) and (7), the
SDPRP could reduce the pollution emission intensity by increasing the human capital level.
The mediation effect of human capital was —2.0296, accounting for approximately 63.20%
of the total effect. Both the Sobel test and bootstrap test were significant, at least at the
level of 10%, indicating that technological innovation, digital transformation, and human
capital had significant mediating effects. Hypothesis 2 was thus confirmed. Furthermore,
we found that human capital had the strongest mediation effect, followed by technological
innovation, while digital transformation was the weakest, implying that the SDPRP was
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most effective in reducing pollution emission intensity by improving human capital levels
while improving digital transformation has a more limited effect.

Table 3. Influencing mechanism results.

(WY

(2) 3)

@ (5)

(6) @)

Variables
EQ TI EQ DT EQ HUM EQ
TREAT x TIME —3.2114 *** 3.2396 *** 3.4609 *** 0.1797 *** —3.2668 *** 0.5389 *** —4.1818 **
(0.5535) (0.2992) (0.5969) (0.0224) (0.5574) (0.0432) (0.5386)
MID —0.2284 *** —0.8045 ** —3.7661 ***
(0.0299) (0.3756) (0.1866)
Cons —15.3389 *** —54.514 *** —2.4964 *** —10.6969 *** —33.1306 *** —9.4400 *** —11.0271 ***
(3.1753) (1.4891) (3.3559) (0.1127) (4.8853) (0.2169) (3.1882)
Control variables Yes Yes Yes Yes Yes Yes Yes
Individual effect Yes Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes Yes
Sobel test —0.7398 —0.1445 —2.0296
(z=—6.23, p = 0.000) (z=—2.069, p = 0.039) (z=—10.61, p = 0.000)
. —2.4609 —3.0668 —1.1818
Bootstrap test(direct effect) (z = —4.32, p = 0.000) (z = —5.94, p = 0.000) (z=—227,p=0.023)
s —0.7398 —0.1445 —2.0296
Bootstrap test (indirect effect) (z= 431, p = 0.000) (z=—194,p=0.052) (z=—997, p = 0.000)
Indirect effect (%) 23.11% 4.49% 63.20%
N 4314 4320 4320 4314 4314 4314 4314
R? 0.2220 0.3518 0.1097 0.8397 0.2165 0.5237 0.2835

Note: Standard errors in parentheses, *** and ** indicate significant at the 1% and 5% levels of significance, respectively.

4.4. Heterogeneity Tests
4.4.1. Analysis of City-Size Heterogeneity

According to current research, there is significant heterogeneity in environmental
pollution by population size in different classes of cities [66]. Driven by urbanization
and industrialization, factors such as capital and labor are flowing into cities in large
numbers, resulting in economic agglomeration and expanding the sizes of cities. As
larger cities have more educational resources, medical resources, and better infrastructure,
they consolidate the city size due to economic agglomeration. However, as the cost of
agglomeration increases, the huge consumption of natural resources makes environmental
pollution increasingly serious. According to the Circular of the State Council on adjusting
the Classification Standard of City Size issued by the State Council in 2014, cities with
a population of less than 1 million are defined as small- and medium-sized cities, cities
with a population greater than or equal to 1 million and less than 5 million are defined as
large cities, and cities with a population greater than 5 million are defined as megacities.
The above three groups of city samples were grouped and regressed (http://www.gov.
cn/zhengce/content/2014-11/20/content_9225.html (accessed on 29 June 2021)). Table 4
reports that the impact of the SDPRP on reducing pollution emission intensity in megacities
(24.62%) was significantly greater than that in large cities (18.45%). In contrast, in small-
and medium-sized cities, the SDPRP had a significant positive contribution to the pollution
emission intensity.

Table 4. City-size heterogeneity results.

Variables Megacities Large Cities Small and Medium-Sized Cities
TREAT x TIME —0.2462 *** —0.1845 *** 0.4745 **
(0.0748) (0.0616) (0.1951)
Cons 0.7553 * 0.7415 * —0.4911 *
(0.5406) (0.4831) (1.7708)
Control variables Yes Yes Yes
Individual effect Yes Yes Yes
Year effect Yes Yes Yes
N 1499 2661 160
R? 0.1138 0.1166 0.6721

Note: Standard errors in parentheses, ***, **, and * indicate significant at the 1%, 5%, and 10% levels of significance,
respectively.


http://www.gov.cn/zhengce/content/2014-11/20/content_9225.html
http://www.gov.cn/zhengce/content/2014-11/20/content_9225.html

Sustainability 2021, 13, 7293

11 of 20

4.4.2. Analysis of City-Type Heterogeneity

There are a large number of resource-based cities in China, and their degree of resource
exploitation varies, resulting in significant heterogeneity in their economic development lev-
els and pollution emission intensities. Regression analysis based on the overall sample may
obscure the internal differences between cities under different resource and environmental
conditions. According to the planning of the National Sustainable Development Plan of
Resource-Based Cities (2013-2020) formulated by the Chinese Government, resource-based
cities were classified into four types (growing, mature, declining, and regenerative) to
explore the heterogeneous effects of the SDPRP on the pollution emission intensity (see
Table 5). We found that the role of the SDPRP on pollution emission intensity in declining
resource-based cities was significantly higher than that in mature resource-based cities
(27.58% > 13.09%). In regenerative resource-based cities, the effect of the SDPRP on pollu-
tion emission intensity was negative but not significant. In growing resource-based cities,
the SDPRP contributed significantly to the pollution emission intensity.

Table 5. City-type heterogeneity results.

Mature Growine Resource Declining Regenerative
Variables Full Samples Resource-Based Cg . Resource-Based Resource-Based
o ities epe eps
Cities Cities Cities
TREAT x TIME —0.1321 *** —0.1309 ** 0.4904 ** —0.2758 * —0.1580
(0.0503) (0.0555) (0.1941) (0.1808) (0.1287)
Cons 1.6367 *** 3.3817 *** 5.6391 *** 2.7967 ** 0.0573 **
(0.2812) (0.3699) (1.2846) (1.1097) (0.8049)
Control variables Yes Yes Yes Yes Yes
Individual effect Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes
N 2652 1966 206 240 240
R? 0.2094 0.2359 0.3306 0.2163 0.3141

Note: Standard errors in parentheses, ***, **, and * indicate significant at the 1%, 5%, and 10% levels of significance, respectively.

4.5. Endogenous Test

The results in Table 2 confirmed that the SDPRP had a significant inhibitory effect
on the pollution emission intensity. Although we included some of the factors that affect
pollution intensity to address the endogeneity issue, some other factors may have been
overlooked, thus causing bias in the estimation of the empirical results. To obtain more
reliable results, we used the instrumental variables method to test the above study results.
Referring to Lu et al., the air ventilation coefficient was used as a tool variable. On the
one hand, the air circulation coefficient is determined using the geographical and climatic
conditions of the city, which agrees with the exogenous hypothesis. On the other hand, the
magnitude of the air circulation coefficient is inversely proportional to the air pollution
concentration, which is consistent with the hypothesis of the correlation of instrumental
variables. The value of IV denotes the air circulation coefficient, which uses wind speed
information at decimeter height and boundary layer height from the European Centre
for Medium-Range Weather Forecasts ERA dataset matched to latitude and longitude for
Chinese cities from 2003 to 2018 [67]. Table 6 reports that the F statistics in the first stage
were greater than 10, indicating that the selection of tool variables was effective. In the
second stage, the regression results of tool variables were consistent with the benchmark
regression results, thus verifying that the SDPRP has a significant inhibitory effect on
pollution emission intensity.
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Table 6. Endogenous test results.

First Stage Second Stage
Variables TREAT x TIME EQ
I\Y% 0.2340 ***
(0.0727)
TREAT x TIME —2.2128 **
(0.9827)
Cons 1.5457 *** 7.3296 ***
(0.3997) (1.8817)
Control variables Yes Yes
Individual effect Yes Yes
Year effect Yes Yes
N 4320 4320
R? 0.4115 0.1007
F-value 130.74

Note: Standard errors in parentheses, *** and ** indicate significant at the 1% and 5%levels of significance,

respectively.

4.6. Robustness Test

4.6.1. Counterfactual Test

The DID method was applied on the premise that there would be no significant
difference in pollution emission intensity between the experimental and control groups
over time. Therefore, referring to Tang et al., the years 2010 and 2011 were used as the
time of implementation of the SDPRP to verify the robustness of results (see Table 7) [68].
Table 7 reveals that the estimated coefficient of the SDPRP was positive but not significant,
indicating that the SDPRP had no significant impact on the pollution emission intensity
before 2013. The implementation of the SDPRP could indeed significantly reduce the
pollution emission intensity.

Table 7. Counterfactual test results.

Variables YEAR-2010 YEAR-2011
TREAT x TIME 1.1803 1.1521
(0.7718) (0.7763)
Cons (0.7718) (0.77630)
4320 4320
Control variables Yes Yes
Individual effect Yes Yes
Year effect Yes Yes
N 4320 4320
R? 0.1603 0.1626

4.6.2. Placebo Test

A sample of 270 cities in the study was randomly sampled 1000 times, with 108 cities

randomly selected in each sample as a dummy experimental group and the remaining
162 cities selected as a control group for the placebo test. In addition, the kernel density
distribution of the 1000 estimated coefficients was plotted (see Figure 2). We found that
the absolute t-value for most of the estimated coefficients was lower than 2 (p-value > 0.1),
indicating that none of the estimated coefficients for SDPRP were significant in the 1000 ran-
dom samples. Thus, the placebo test also confirmed the robustness of the findings in this
study.
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Figure 2. Placebo test results.

4.6.3. Removing the Interference of Other Related Policies

The New Environmental Protection Law, the strictest environmental protection law in
history, was implemented in 2015. The Chinese government legislated a legal responsibility
for environmental governance to reduce the pollution emission intensity. As such, the
effect of the SDPRP on the pollution emission intensity may have been affected by the
implementation of the New Environmental Protection Law. Therefore, we precisely identi-
fied the energy-saving and emission-reduction effects of the SDPRP by excluding the New
Environmental Protection Law (2015-2018) (see Table 8). We found that the coefficient of
Treat x time was significantly negative at the level of 1%, indicating that the study results
are still robust after excluding other policy interferences.

Table 8. Results after removing the interference of other related policies.

Variables EQ
TREAT x TIME —9.9771 ***
(0.9277)
Cons 18.0690 ***
(5.93)
Control variables Yes
Individual effect Yes
Year effect Yes
N 2969
R? 0.2915

Note: Standard errors in parentheses, *** indicate significant at the 1% levels of significance.

4.6.4. Replacing the Dependent Variable

Some scholars have suggested that pollution emission intensity is closely related to
GDP [69]. To ensure the robustness of the findings, the empirical results were retested
using the DID method after the dependent variable was remeasured (the ratio of pollution
emission intensity to GDP was applied to measure the dependent variable) (see Table 9).
Table 9 reveals that the directionality and significance of the coefficient of TREAT x TIME
were generally consistent with the benchmark regression results, again indicating that the
study’s results are robust.
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Table 9. Replacement of dependent variable results.

Pollution Emission Intensity

Variables .
Average Treatment Effects Dynamic Effects
TREAT x TIME —0.3234 ***
(0.0773)
TREAT x YEAR2013 —0.6279 ***
(0.1058)
TREAT x YEAR2014 0.5726 ***
(0.1135)
TREAT x YEAR2015 —0.6582 ***
(0.1168)
TREAT x YEAR2016 —1.3425 ***
(0.1300)
TREAT x YEAR2017 —1.9344 ***
(0.1540)
TREAT x YEAR2018 —1.9861 ***
(0.1358)
Cons —5.7586 *** —8.4452 ***
(0.3824) (0.0753)
Control variables Yes Yes
Individual effect Yes Yes
Year effect Yes Yes
R? 0.2395 0.3955
N 4320 4320

Note: Standard errors in parentheses, *** indicate significant at the 1% levels of significance.

5. Discussion
5.1. Discussion of the Benchmark Regression Results

Table 2 reveals that the SDPRP could significantly reduce pollution emission inten-
sity in terms of both the static average treatment effect and the dynamic treatment effect
introduced in each year of implementation of the system. This can be explained in terms of
the following aspects. First, the implementation of the SDPRP raised the environmental
access threshold permit and pollution emission standards, and backward production ca-
pacity and enterprises that violated environmental requirements were firmly and promptly
eliminated [70]. The strict emission standards, in effect, increased the barriers to entry for
polluting enterprises, and the implementation of the backward capacity phase-out initiative
was a further improvement to the exit mechanism for polluting enterprises. For enterprises
aiming at profit maximization, whether from the perspective of pollution control cost or
long-term healthy development in the future, they will be motivated to upgrade produc-
tion technology and use cleaner production equipment to a certain extent, which will
play a positive role in pollution reduction. Second, the implementation of the SDPRP was
conducive to the agglomeration of various production factors for the replacement of tradi-
tional industries (i.e., industries with high pollution, high energy consumption, and high
emissions) to realize the large-scale, intensive, and scientific utilization of resources [71].
Simultaneously, the scale effect of pollution treatment brought about by industrial agglom-
eration could effectively reduce the cost of treating the environment, which will improve
environmental quality. Finally, the implementation of the SDPRP accelerated industrial
development in the field of energy conservation and environmental protection, causing
industrial diversification in resource-based cities. Industrial diversification and new clean
industries, such as energy conservation and environmental protection, will promote indus-
trial transformation and upgrading, not only making the industrial structure cleaner and
greener but also helping to reduce the intensity of pollution emissions. Moreover, with the
continuous increase in the implementation years of the SDPRP, the quality of the SDPRP is
also gradually being refined such that the inhibition effect of SDPRP on pollution emission
intensity is also continuously being strengthened.



Sustainability 2021, 13, 7293

15 of 20

5.2. Discussion of the Influencing Mechanism Results

Table 3 reports that the SDPRP could reduce the pollution emission intensity through
innovation capacity, digitalization, and human capital. From the perspective of innovation
capacity, the SDPRP accelerated the R&D innovation and application of production tech-
nology, environmental protection technology, and energy-saving technology by enterprises,
which improved the front-end management capacity regarding environmental pollution.
Moreover, the technological advances brought about by the SDPRP enhanced the ability to
systematically manage relevant pollution data, thus improving the back-end management
capacity of environmental pollution. Furthermore, technological innovation in resource-
based cities could not only improve resource utilization but also promote the application of
low-carbon technologies throughout the production process, thereby effectively controlling
pollution emissions at the production end.

In terms of human capital, the pilot policy stipulates that resource-based cities are
required to enhance the overall human capital level and meet the diversified needs of
resource-based cities for talents by coordinating the construction of various types of talent
teams, such as professional and technical, highly skilled, and social work teams. On the
one hand, the pilot policy directly improved the level of pollution management technol-
ogy in high-energy-consuming and high-polluting enterprises, such as desulphurization,
denitrification, dust removal, and deep sewage treatment, by vigorously promoting the
exchange and training of professional, technical, and management personnel and training
some pollution industry governance professionals and R&D personnel for clean produc-
tion. On the other hand, the sustainable development of resource-based cities relies on the
unfolding of human behavior, which is the carrier of all socio-economic activities. Human
capital levels are the fundamental driver of social development, and all soft power, such
as technology, institutions, management, innovation, and culture, is the result of human
intelligence. The enhancement of human capital ensures a stable transition in terms of
population quantity and quality in resource-based cities as a way to reduce the pollution
emission intensity.

From the perspective of digitalization, the implementation of the pilot policy increased
digital infrastructure development in resource-based cities. The digitalization of resource-
based cities not only contributed to the dissemination, sharing, clustering, and exchange
of knowledge, but also had a positive impact on the improvement of production effi-
ciency, clean equipment, and pollution control technologies to ultimately reduce pollution
emission intensity. Second, the pilot policy accelerated the rapid development of digital
industries with high technological content, low energy consumption, and high industrial
added value, whose industrial attributes are resource-saving and environmentally friendly.
Simultaneously, the integration of digital industry and industrialization led to the trans-
formation and upgrading of traditional industries, resulting in a gradual increase in the
proportion of tertiary industries. This change in industrial structure is also conducive to
reducing energy consumption and environmental pollution. Finally, with the improvement
of digitization level, more resources and production factors will also be concentrated in
resource-based cities, while the positive externalities and economies of agglomeration scale
will reduce the pollution emission intensity.

5.3. Discussion of Heterogeneity Test Results
5.3.1. Discussion of City-Size Heterogeneity Results

The results in Table 4 indicate that there was significant heterogeneity in the effect of
the SDPRP on the pollution emission intensity for different sized cities. It is to be expected
that compared with large cities, megacities are better equipped in terms of infrastructure,
education, and technology, and they are also more capable of mobilizing resources to
reduce their pollution emission intensity. For small- and medium-sized cities, however,
the pilot policy could significantly increase the pollution emission intensity. On the one
hand, due to the siphoning effect of large cities, the flow of capital, labor, and other factors
from small- and medium-sized cities to large cities increased the cost of dealing with
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pollution in small- and medium-sized cities. In addition, the economic development of
small- and medium-sized cities is not as high as that of large cities, and they are not able
to match the technological capacity to treat pollution. On the other hand, many small-
and medium-sized cities have excellent natural resources and a high potential for resource
development. However, many local governments in small- and medium-sized cities have
been exploiting resources and neglecting local pollution control in the process, to develop
the local economy and maximize profits, resulting in small- and medium-sized resource
cities exacerbating their pollution emission intensity.

5.3.2. Discussion of City-Type Heterogeneity Results

Table 5 reveals that in both mature and declining resource-based cities, the SDPRP
significantly reduced the pollution emission intensity; in regenerative resource-based
cities, the SDPRP did not reduce the pollution emission intensity. In contrast, the SDPRP
significantly contributed to pollution emission intensity in growing resource-based cities.
As the mineral resources available in declining resource-based cities for development tend
to be depleted and economic development lags, it results in increased costs of energy
use. To reduce the cost of energy use, local governments are encouraging technological
development through financial and taxation means to improve the efficiency of resource
use with the ultimate goal of saving resources. With the general improvement in energy
utilization technology, pollution emission intensity decreased accordingly. Mature resource-
based cities are at a stable stage of resource development, with strong resource security
and high energy efficiency, such that the effect of pollution abatement was not as high as in
declining resource-based cities. Regenerative resource-based cities are freed from resource
dependence, and their economy and society have started to step into a benign development
track, which is a pioneering area for resource-based cities to transform their economic
development mode, thus ultimately having a significant effect on pollution emission
intensity. It is worth noting that in growing resource-based cities, implementing the SDPRP
instead exacerbated the pollution emission intensity. As the growing resource-based cities
are in the ascendant stage of resource development, not only did the non-standard order of
resource development lead to a low entry threshold for enterprises, but the high intensity
of resource development also caused high pollutant emission intensity.

6. Conclusions and Policy Implications

The DID method was employed to examine the impact of the SDPRP on pollution
emission intensity using the balanced panel data of prefecture-level cities in China from
2003 to 2018. The statistical results show that the SDPRP significantly reduced the pollution
emission intensity. Since implementing the SDPRP, the pollution emission intensity was
reduced by an average of 17.05%. In addition, following the implementation of a series of
robustness tests, such as the parallel trend test, tool variables methods, counterfactual test,
placebo test, and excluding the interference of other policies, the above results were still
valid. Additionally, the dynamic effect shows that the inhibition effect of the SDPRP on
the pollution emission intensity increased year by year. The influence mechanism analysis
revealed that the SDPRP reduced the pollution emission intensity through technological
innovation, digital transformation, and human capital. The effect of human capital was the
strongest, while the influence of digital transformation was the weakest. The heterogeneity
results show that the SDPRP was more effective in reducing emissions in declining resource-
based cities compared with mature resource-based cities. However, the SDPRP exacerbated
the pollution emission intensity in growing resource-based cities, while the effect was
not significant for regenerative resource-based cities. Furthermore, the SDPRP had a
significantly greater effect on the pollution emission intensity in megacities than that
in large cities and significantly contributed to the pollution emission intensity in small-
and medium-sized cities. Based on the previous research results, the following policy
implications are put forward.
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Resource-based cities should invest more in education to improve the education level
of the workforce and train technical personnel for the new energy industry. At the same
time, the concept of energy-saving and environmental protection should be popularized,
and the traditional concepts of production and living should be transformed. In addition,
policymakers in resource-based cities should also increase investment in research and
innovation to promote the spread of environmental technology and cleaner production in
enterprises. Furthermore, policymakers should promote the integration of Internet+ with
the manufacturing industry and play an optimizing and integrating role in the allocation
of social resources to continuously improve social productivity and creativity and reduce
the dependence of cities on resources.

For different types of resource-based cities, policymakers should clarify the devel-
opment direction and key tasks for each type of city to guide their respective scientific
developments. For example, declining resource-based cities and mature resource-based
cities should adjust their industrial structure, vigorously support new industries, and
gradually enhance their sustainable development capacity. For regenerative resource-based
cities, they should not only further open up to the outside world and improve the level of
science and technology innovation, but also create ecologically livable cities and tourist
cities by improving urban functions and enhancing urban tastes. For the growing resource-
based cities, policymakers should regulate the order of resource exploitation to determine
the reasonable intensity of resource exploitation and improve the entry threshold of enter-
prises by implementing strict environmental regulations. The SDPRP is not recommended
for small- and medium-sized cities without perfect supporting facilities. Megacities and
large cities can further improve the policy system to promote the sustainable develop-
ment of resource-based cities according to their urban characteristics to promote green
transformation.

Although our study has some reference value, there are still some limitations. Pollution
reduction has always been a key objective for resource-based cities to achieve sustainable
development, but a deeper concern is how to make greater use of the positive effects of the
SDPRP on pollution reduction in resource-based cities. For example, how to reasonably
develop local resources according to the characteristics of the environmental carrying
capacity of each resource-based city and guide the scientific development of each type of
resource-based city categorically. Moreover, reducing pollution emission intensity while
achieving a win-win situation for economic development and environmental management
is also an important theoretical and practical issue that scholars should further investigate
in the future. Furthermore, there are different realities within the settlements of large cities.
In terms of the different functional districts within cities, they can be divided into com-
mercial, residential, municipal, and public service, industrial, and technological districts.
Furthermore, within different city functional districts, there may be significant differences
in the impact of the SDPRP on pollution emission intensity. Therefore, a heterogeneity
analysis based on intra-city characteristics such as the formation of technological districts
on the impact of the SDPRP on pollution emission intensity could be one of the future
research directions. Finally, there may be multiple impact pathways for the effect of the
SDPRP on pollution emission intensity. In the future, the influencing mechanism of the
SDPRP on pollution emission intensity can be explored from the perspective of finance.
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