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Abstract: The effectiveness of government environmental policies is pivotal to environmental quality
and provides the reference for further policy design. This paper estimates the effect of comprehensive
demonstration of fiscal policy for ECER (Energy Conservation and Emission Reduction) on pollution
emissions in Chinese cities with the sample period from 2003 to 2016, which is an important practice
for policy integration. We find that this policy reduces the industrial SO2 (sulfur dioxide) emission
by 23.8% on average and the industrial wastewater emission by 17.5% on average. This policy,
implemented by Chinese government, has effectively achieved its target for emission reduction. A
series of robustness checks are also conducted to verify the baseline results. Mechanism analysis
indicates that this policy has the effect by the change in the industry structure and the enhancement
of fiscal capacity, especially the capacity of fiscal revenue. Some policy recommendations, such
as laying emphasis on the policy integration, integrating the financial resources of governments
and expanding the demonstration effect, are proposed in order to facilitate green development in
Chinese cities.

Keywords: emission reduction policy; industrial SO2 emission; industrial wastewater emission;
green development

1. Introduction

Environmental issues have become a major concern around the world. Pollution
generates several negative externalities, which result in the inconsistencies between social
cost and private cost, social benefit and private benefit [1–3]. Therefore, the environmental
problems cannot be effectively solved only by the market mechanism, and the government
should adopt additional policies to control pollution. The choice of government policy
tools for emission reduction and the real effects of target-based environmental policy are
important topics to consider in order to promote the urban green development and the
sustainable development of all the countries and regions.

In the current work, we estimate the effect of comprehensive demonstration of fiscal
policy for ECER (Energy Conservation and Emission Reduction) on pollution emissions
in Chinese cities. There are three reasons for this research. First, this policy is an active
exploration of government environmental regulation, from single policy to policy integra-
tion, and has important practical value. Examination of the effectiveness of target-based
and comprehensive policy provides a reference for further environmental governance.
Second, Chinese government has given priority to pollution prevention and control, which
has been one of the three critical challenges facing in all the society in recent years [4].
Evaluation of the effect of the policy aimed at emission reduction in the largest developing
country is obviously a significant and remarkable endeavor. Third, according to the envi-
ronmental performance index reported by Yale University, Columbia University and the
World Economic Forum, China usually occupies a very low position in the world rankings,
and was even ranked the last fourth in terms of air quality in 2018 (these data could be
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collected from the website https://epi.yale.edu/ (accessed on 25 October 2020). There is a
sharp contrast between the Chinese GDP ranking and its environmental performance index
ranking. It is important to analyze whether the environmental policy meets the demands
of the current economic structure and contributes to urban sustainable development.

Our study contributes to two strands of literature: studies regarding government en-
vironmental policies as well as the connected decision problems, and studies that examine
the effects of public policies and regulations, especially fiscal policy, to address the negative
externalities that are generated by pollution emissions.

Generally, three types of environmental policies are used to save energy, reduce
emissions and promote green growth: command-and-control, the market-based and the
informal (also called voluntary) policies [5,6]. The first two have been widely adopted
in many countries and include emission standards, pollution regulations, environmental
taxes, pollution fees and so on. The last type is not imposed by the government but instead
depends on public awareness. For instance, the press can act as an informal regulator [7]. In
this study, we mainly focus on the literature regarding environmental policies imposed by
the government in this study. Government, as the public sector, has the duty to implement
policy strategies, such as the adoption of clean energy technologies, to balance economic
development with environmental protection [8,9]. The effects of environmental policies
appear to differ between countries or regions [10,11].

Much attention has been paid to the impact of environmental regulation and standards,
such as pollutant control policy, environmental courts and fuel standards. Chen et al.
(2018) [12], and Chen et al. (2017) [13], analyzed the impact of the Two Control Zone
(the control of acid rain and the emission of sulfur dioxide in targeted areas) policy in
China. The findings indicated a significant decrease in SO2 emissions, and the stricter
environmental regulation resulted in a reduction in polluting activities. Barreca et al.
(2017) [14], examined the effect of an acid rain program in the United States, and found that
a permanent decrease in pollution and relative mortality in treatment counties. However,
Wang et al. [15], found that environmental policy stringency had a weak impact on both
PM2.5 emission based on the panel data for 23 OECD countries. The environmental court
and jurisprudence have evolved over during the past three decades, which has increased
the integrity of environmental justice, improved the trial efficiency of environmental cases
and imposed strict constraints aimed at saving resources and reducing pollution [16,17].
Zhang et al. (2019) [18], evaluated the effect of the establishment of Chinese environmental
courts and found that the policy increased air quality significantly at the city level. As
for gasoline standards, the results were contradictory in various countries. Auffhammer
and Kellogg (2011) [19] found that US federal gasoline standards did not improve air
quality. However, the opposite was observed in China. Li et al. (2020) [20], showed that the
enforcement of Chinese gasoline standards improved air quality significantly, especially in
terms of fine particles and ozone. Some literature [20–25] also focused on the road transport
policies and driving restrictions, and found that the effects of these policies are different
across various cities or countries.

However, there are few similar studies focusing on the effect of comprehensive demon-
stration of fiscal policy for ECER conducted in China, which is a new practice for policy
integration. This paper uses Chinese prefecture-level data from 2003 to 2016 and considers
the list of demonstration cities for the empirical estimation. The results show that this
government emission reduction policy significantly reduces the industrial SO2 and the
industrial wastewater emissions by 23.8% and 17.5% on average, respectively; thereby
improving environmental quality and achieving the initial policy goals. Therefore, this
study enriches previous related literature about the effect of public environmental policies.
We construct a DD (difference-in-difference) estimation framework, which could address
the endogenous issues and improve the accuracy of the estimation. Some robustness checks
are conducted to verify the results as well. The quantitative analysis of the effectiveness of
the government policy provides evidence for the choice of further policies. This research
also provides a reference by which other countries and regions can understand the role
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of emission reduction policies in urban environmental protection. These findings will be
useful for the policy makers seeking to devise more effective policies.

The remainder of this paper is organized as follows. Section 2 introduces China’s
comprehensive demonstration of fiscal policy for ECER. Section 3 provides the framework
for empirical estimation and introduces the data sets. Section 4 reports the results and
discusses the underlying mechanism. The last section offers some conclusions.

2. China’s Comprehensive Demonstration of Fiscal Policy for ECER

Chinese government proposed the comprehensive demonstration of fiscal policy for
ECER (Energy Conservation and Emission Reduction) for the first time in June 2011. The
Ministry of Finance and the National Development and Reform Commission of China
issued the “Notice on Carrying out Comprehensive Demonstration of Fiscal Policy for
Energy Conservation and Emission Reduction” and decided to implement the compre-
hensive demonstration of fiscal policies for energy conservation and emission reduction
in particular cities during the twelfth Chinese five-year plan period (2011–2015). Eight
cities were finally selected as the first group of demonstration cities [26]. The local govern-
ment is mainly responsible for this policy, and the demonstration city acts as a platform
to increase the integration of various fiscal policies regarding energy conservation and
emission reduction. This policy is from the “point” to the “face” (from local to overall or
from small to large scale), from single policy to policy integration, so it places full emphasis
on the role of fiscal policy for energy conservation and emission reduction. It is expected
that the emission reduction targets could be realized by accelerating the innovation of the
system and mechanism, actively optimizing the economic structure and promoting the
economic transformation.

The second series of comprehensive demonstrations was announced in 2013, and
10 cities were selected as the second group of demonstration cities [27]. The third group of
demonstration cities included 12 cities; this was the final group, and the demonstration
cities were not be expanded further [28]. The details of the three groups of demonstrations
cities of three batches are listed in Table 1.

Table 1. Demonstration cities of ECER (Energy Conservation and Emission Reduction) fiscal policy.

Year Cities

2011 Beijing, Shenzhen, Chongqing, Hangzhou, Changsha, Guiyang, Jilin, Xinyu

2013 Shijiazhuang, Tangshan, Tieling, Qiqihaer, Tongling, Nanping, Jingmen, Shaoguan,
Dongguan, Tongchuan

2014 Tianjin, Linfen, Baotou, Xuzhou, Liaocheng, Hebi, Meizhou, Nanning, Deyang,
Lanzhou, Haidong, Wulumuqi

Note: The list of model cities was retrieved from the Chinese government’s websites.

The comprehensive demonstration of fiscal policy for ECER mainly includes six
aspects: the first focuses on reducing carbonization in industry, to speed up the adjustment
of the industrial structure and the development of strategies for the emerging industry.
It is aimed at resolutely eliminating the outdated production capacity, supporting key
enterprises in implementing energy-saving technological transformation and promoting
the application of advanced the green technologies. The second aspect involves renovating
the urban transportation system around clean transportation, increasing the use of new
energy vehicles, encouraging residents to prioritize public transportation and advocating
for green travel throughout society. The third involves promoting the development of
energy-efficiency and green buildings. The fourth is to accelerate the development of
the service industry, centered on intensification, with a focus on creating service industry
circles (belts) or parks. The fifth aspect focuses on the reduction of major pollutants to
improve urban environmental quality, build a supporting pipeline network for urban
sewage-treatment facilities and develop a robust circular economy. The sixth is to optimize
the urban energy structure, focusing on the large-scale utilization of renewable energy.
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The implementation of comprehensive demonstration of fiscal policy for ECER aims
to transform the existing single environmental policies into an integrated policy. The
completion of targets for energy conservation and emission reduction is an essential
requirement in order to ensure a comprehensive demonstration and is also an important
component of the performance evaluation for the local governments. In this paper, we
investigate the emission reduction effect of this policy and provide a reference for the
effectiveness of the target-based performance evaluation.

3. Estimation Strategy
3.1. Estimation Framework

The main issue discussed in this paper is whether the comprehensive demonstration
of fiscal policy for energy conservation and emission reduction has effectively reduced
urban environmental pollution. In order to solve the endogenous problems commonly
faced in the previous literature, we construct a difference-in-difference model by regarding
this policy as a quasi-natural experiment: the first level of difference is from the city, and
the second level of difference is from the year. Specifically, the demonstration cities of this
policy were announced in three groups and thirty cities were selected in total during the
years of 2011, 2013 and 2014. The cancellation of the Haidong region and the establishment
of the prefecture-level Haidong city took place in 2013, and a large amount of data relating
to the period before 2013 were missing, so Haidong city was not included in the sample for
this research. Therefore, we choose the remaining 29 cities as the treatment group. As for the
control group, following Tan et al. (2018) [29], we choose the cities that were geographically
adjacent to the treatment group but not included in the treatment group. The DD method
in this paper compares the differences in pollutant emissions between demonstration cities
and non-demonstration cities before and after this policy is implemented. The baseline DD
estimation was the following specification:

yit = α0 + βpolicyit + γZit + ηi + δt + εit (1)

where i and t indicate city and year, respectively; the dependent variable yit represents
the pollution emissions, which includes the logarithm of total volume of industrial SO2
(the unit of which is ton) and total volume of the industrial wastewater (the unit of which
is 10,000 tons). Zit indicates a vector of control variables, such as the level of economic
development, industrial structure, technological innovation, openness, population scale
and urban greening rate; ηi is the city-fixed effect, controlling for the unobserved, time-
unvarying city attributes that might affect the pollution emissions; δt is the year-fixed effect,
controlling for nation-wide shocks in a particular year likely to influence all cities in a
similar manner; and εit is the error term.

Here, policyit is the regressor we are interested in, which is a dummy variable indicating
the policy status of city i in year t. Specifically, policyit = treatedi × postit, where treatedi is
set to 1 if the city i was selected as a comprehensive demonstration cities of fiscal policy
for ECER during the sample period, and set to 0 otherwise. Here, postit is a post-treatment
variable, taking the value of 1 if the city i has adopted this policy and 0 otherwise. We
cluster the standard errors at the city level as well, to address the potential problems of
heteroskedasticity and serial correlation.

Here, β and γ are coefficient vectors to be estimated. The key coefficient is β, which
is also referred to as the DD estimator, capturing the average effect of this policy on
pollution emissions. The DD method could accurately evaluate the impact of the policy
by eliminating the influence of differences in various cities between the treatment group
and the control group, and then forming a causal inference of the implementation of the
policy. If β is significantly negative, we deem that this policy, implemented by Chinese
government, exerted the expected emission reduction effect as expected.
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3.2. Data

To analyze whether the comprehensive demonstration of fiscal policy for ECER con-
ducted by Chinese government has effectively reduced urban pollution emissions, we
mainly use three main data sets, which include the indicators of the implementation of this
policy in the demonstration cities, the pollution emissions and other influencing factors for
the sample cities. The sample period in the empirical analysis is from 2003 to 2016.

We manually collected the list of demonstration cities which were selected for the
comprehensive demonstration, and we also collected the time of the policy implementation.
The data were collected primarily from websites of the Ministry of Finance and the National
Development and Reform Commission of China, as mentioned in Section 2.

Air pollution and water pollution are the two main types of urban pollution. Consid-
ering the targets of this policy, the availability of annual data in prefecture-level cities and
following the related literature on the urban pollution emissions [30], the measurement of
pollution emissions in this paper contains the industrial sulfur dioxide emission and the
industrial wastewater emission. We carried out logarithmic processing on these variables,
to ensure the stability of the data and facilitate the estimation and comparison presented in
Section 4. The data were collected from the China City Statistical Yearbook published by the
Urban Social and Economic Investigation Department of the National Bureau of Statistics
in China.

In order to control the possible influence of other variables on urban pollution emis-
sions, some control variables are defined as follows:

(1) The level of urban economic development. The economic development may have the
multiple influences on pollution emissions [31–33]. On the one hand, the higher the
level of urban economic development, the more production, which will bring about
more pollution emissions, so economic growth might serve to pollution increase.
On the other hand, as a result of the economic growth, local government has more
financial resources to invest in environmental protection and pollution control, which
contributes to the control of pollutant emissions and the improvement of environmen-
tal quality. We use the logarithm of real gross regional domestic product to present
the level of economic development.

(2) Technological innovation. Technological innovation plays an important role in en-
vironmental protection and the application of green technology for environmental
protection could reduce emissions [34]. We use the number of patent applications
which contain inventions, utility models and designs in the city to measure technolog-
ical innovation, and we obtained the data from the Chinese Research Data Services
(CNRDS) platform.

(3) Openness. For developing countries, opening up will help to introduce foreign
advanced technology, enhance environmental protection awareness and improve
environmental quality; however, some scholars have suggested that trade will cause
environmental degradation due to the “pollution haven” hypothesis [35,36]. The total
import and export of China has grown from 1.13 billion dollars in 1950 to 4.6 trillion
dollars in 2018, rendering it the largest trading country. China absorbed 138.3 billion
dollars in foreign capital, ranking second in the world [37]. Thus, we choose the
annual amount of foreign capital actually used by the city in order to analyze the
impact of openness on the pollution emissions.

(4) Population scale. Considering the heterogeneity of population scale in different cities,
so we control the influence of the population factor using the logarithm of average
annual population. The relationship between the population factor and pollution
emission is uncertain. A larger population scale usually means a higher degree of
industrialization and urbanization, and in turn, more environmental pollution is
discharged in that city [38]. Conversely, population concentration may also help
to achieve more efficient energy use due to increasing returns to scale. In addition,
residents of large cities or economically developed areas are often more aware of en-
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vironmental pollution, meaning that they are more willing to improve environmental
quality [39].

(5) Industrial structure. The secondary industry, including high-energy and high-pollution
industries, emits a large amount of pollution. Compared with the secondary in-
dustry, the tertiary industry generally generates lower pollution emissions. The
industrial structure is obviously an important factor affecting the urban pollution
emissions [40,41]. We use the proportion of the secondary industry to indicate the
industrial structure [42]. It is expected that the higher the proportion of the secondary
industry, the more serious the pollution emissions will be.

(6) Greening rate. Some studies have proven that the urban greening is conducive to
greater environmental quality [43]. We use the greening coverage rate of built-up
areas, which is the percentage of green areas to urban built-up areas, to represent the
greening rate.

The data on the control variables were mainly collected from the China City Statistical
Yearbooks during the sample years, supplemented by the province-level statistical yearbooks
or the database of the CNRDS platform. Table 2 introduces the definition of variables,
and Table 3 presents the descriptive statistics of the key variables. The evolutions of the
year-average ln (SO2) and the year-average ln (wastewater) are shown in Figures 1 and 2.

Table 2. Definition of variables.

Variable Defination of Variables Unit

In (SO2) industrial sulfur dioxide emission (logarithm) ton
ln (wastewater) industrial wastewater emission (logarithm) ten thousand ton

ln (grp) real gross regional domestic product (logarithm) ten thousand yuan
ln (patent) the number of patent applications (logarithm after adding one) -
ln (open) the annual amount of foreign capital actually used (logarithm) ten thousand dollar
ln (pop) average annual population (logarithm) ten thousand
indus the proportion of the secondary industry %

greenrate the percentage of green areas to urban built-up area %

Table 3. Summary statistics of the key variables.

Variable
Full Sample Treament Group Control Group

Mean Sd Min Max Mean Sd Min Max Mean Sd Min Max

ln (SO2) 10.69 1.003 4.159 13.43 11.01 0.975 7.147 13.43 10.61 0.993 4.159 13.12
ln (wastewater) 8.521 1.043 5.081 11.42 8.925 1.026 5.759 11.42 8.413 1.022 5.081 11.37

ln (grp) 16.03 1.046 13.10 19.36 16.47 1.225 13.10 19.36 15.91 0.959 13.24 19.09
ln (patent) 6.491 1.801 1.792 12.02 7.303 1.908 2.398 12.02 6.275 1.708 1.792 11.71
ln (open) 9.662 1.842 2.773 14.94 10.46 1.828 5.438 14.94 9.447 1.787 2.773 13.93
ln (pop) 5.964 0.608 4.261 8.129 5.998 0.812 4.261 8.129 5.955 0.541 4.368 7.244

si 0.487 0.100 0.027 0.859 0.486 0.101 0.193 0.747 0.487 0.0998 0.0266 0.859
greenrate 0.376 0.184 0.004 3.866 0.431 0.352 0.0555 3.866 0.361 0.0929 0.00380 0.952

Variable
Group 1 Group 2 Group 3

Mean Sd Min Max Mean Sd Min Max Mean Sd Min Max

ln (SO2) 11.10 1.084 8.327 13.43 10.86 1.008 8.380 12.71 11.08 0.841 7.147 12.39
ln (wastewater) 9.309 1.053 7.594 11.36 8.737 1.263 5.759 11.42 8.813 0.604 7.552 10.31

ln (grp) 17.26 1.262 13.90 19.36 15.98 1.142 13.10 18.04 16.35 0.975 14.02 19.00
ln (patent) 8.653 2.008 3.932 12.02 6.553 1.654 2.398 10.82 7.003 1.512 4.043 11.17
ln (open) 11.79 1.567 8.220 14.08 9.881 1.618 5.438 13.18 9.996 1.688 5.714 14.94
ln (pop) 6.310 0.958 4.695 8.129 5.682 0.799 4.261 6.945 6.059 0.577 4.986 6.951
indus 0.460 0.100 0.193 0.670 0.491 0.104 0.270 0.747 0.499 0.0977 0.286 0.717

greenrate 0.413 0.0737 0.181 0.689 0.517 0.578 0.0841 3.866 0.365 0.0712 0.0555 0.583

Note: Mean, Sd, Min and Max denote the mean value, standard deviation, minimum value and maximum value of the variable, respectively.
Group 1, Group 2, Group 3, respectively, represents the first, the second, the third group of demonstration cities. The italics are for the
indicators of variables in all tables.
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Figure 1. The evolution of the averaged variables. (a) shows the year-average ln (SO2) vs. year. The scatter plot of dark color
represents the treatment group, and the scatter plot of light color represents the control group. (b) shows the year-average
ln (wastewater) vs. year. The scatter plot of dark color represents the treatment group, and the scatter plot of light color
represents the control group.

Figure 2. The evolutions of the year-average ln (SO2) and the year-average ln (wastewater) by group. Group 1, Group 2,
Group 3, respectively, represents the first, the second, the third group of demonstration cities. (a) shows the year-average ln
(SO2) vs. year, and (b) shows the year-average ln (wastewater) vs. year.

4. Results and Discussion

We use the DD approach to estimate the effect of the comprehensive demonstration
of fiscal policy for ECER on urban pollution emissions. First, the baseline estimates are
conducted as the Equation (1). Next, we do a series of robustness checks, including the test
on parallel trend assumption, substitution of the variable, the adjustment of the sample
period and sample size, and the placebo test. Lastly, we discuss the results and analyze the
channels underlying the estimated effect of this government emission reduction policy.

4.1. Baseline Estimates

We first employ the DD method to test the effect of this policy on pollution emissions.
The baseline estimation results are reported in Table 4. The dependent variable of the
first and second column is ln (SO2) (the logarithm of the industrial SO2 emissions), and
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the dependent variable of the third and fourth column is ln (wastewater) (the logarithm
of industrial wastewater emissions). Column (1) and column (3) present the regression
without the control variables, and the control variables are added in the regression of
column (2) and column (4). The results show that the coefficient of policy is negative
and statistically significant at the 1% level in all the columns. The coefficient of policy
is −0.238 in the column (2) after controlling other influencing factors, which indicates
that the comprehensive demonstration of fiscal policy for ECER reduces the industrial
SO2 emissions by 23.8% on average. The coefficient of policy is −0.175 in the column
(4) after adding the control variables, which indicates that this policy reduces the industrial
wastewater emissions by 17.5% on average. To summarize, these results indicate that this
government emission reduction policy has realized the expected outcome, demonstrating
a significantly negative effect on the pollution emissions. We also estimate the effect of
this policy on some other pollution emissions such as industrial chemical oxygen demand,
industrial ammonia nitrogen and PM2.5 (fine particles with a diameter of 2.5 µm or less) in
Table A1 in Appendix A, which also indicates the positive effects of applying the policy
manifested in a significant reduction in the industrial ammonia nitrogen and industrial
chemical oxygen demand.

Table 4. Effect of the policy on pollution emissions (baseline estimates).

Variable
(1) (2) (3) (4)

ln (SO2) ln (SO2) ln (Wastewater) ln (Wastewater)

policy −0.278 *** −0.238 *** −0.146 *** −0.175 ***
(0.0542) (0.0551) (0.0366) (0.0374)

ln (grp) −0.0747 0.300 ***
(0.130) (0.1000)

ln (patent) −0.0611 ** −0.0689 **
(0.0292) (0.0276)

ln (open) −0.0304 * −0.0135
(0.0175) (0.0152)

ln (pop) −0.110 0.0803
(0.207) (0.172)

indus 1.020 *** 0.429
(0.347) (0.274)

greenrate −0.120 *** −0.0468
(0.0449) (0.0428)

No. of observations 1906 1848 1907 1850
R-squared 0.811 0.815 0.877 0.875

City fixed effect YES YES YES YES
Year fixed effect YES YES YES YES

Note: The robust standard errors are reported in parentheses. All regressions control for the city fixed effects and
the year fixed effects. Superscripts ***, **, * denotes significances at the 1%, 5%, 10% levels, respectively.

4.2. Robustness Checks
4.2.1. Test on the Parallel Trend Assumption

We cannot use the traditional method to test the assumption of the parallel trend
(also referred to as the common trend) of DD estimation, due to the inconsistent time for
the implementation of this policy in the demonstration cities. Based on this, following
the previous literature on testing strategy for the parallel trend of a multi-period DD
model [44–46], we construct the following method of event study to test the assumption:

yit = α0 + βk ∑4+
k≤−4 Ditk + γZit + ηi + δt + εit (2)

In the Equation (2), we mainly use ∑4+
k≤−4 Ditk instead of policyit in the Equation (1),

and the specification of other variables is the same as in the Equation (1). ∑4+
k≤−4 Ditk

indicates whether the sample is in the k year after the policy implementation (if k is
negative, it means that the sample is in the k years before the policy implementation). If the
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sample is in the k year, Ditk is set to 1, and 0 otherwise. If the results find that the difference
in pollution emissions between the treatment group and the control group is mainly caused
by the post-policy Ditk (k > 0) rather than the factors before the reform (k < 0), then it could
be quantitatively determined that the treatment group and the control group conform
to the assumption of the parallel trend and the regression result of Equation (1) has no
obvious selection bias.

It can be seen from Figure 3 that whether the dependent variable is the industrial SO2
or the industrial wastewater emissions, the regression coefficient of the previous periods
before the implementation of this policy fluctuates around 0 and there is no significant
trend of change at least at the 5% statistical level. The results indicate that the dependent
variables of the treatment group and the control group display common time trends before
the year of the policy’s implementation. In addition, for SO2 in Figure 3a, most of the
coefficients are significantly different from 0 after the implementation of the policy, which
also reflects the fact that the effect of this government emission reduction policy is dynamic
and continuous. For wastewater in Figure 3b, the effect of policy disappears in the fourth
year after the policy’s implementation. In conclusion, the results in Figure 3 prove that the
parallel trend assumption is satisfied, so the results in Table 4 are reliable.

Figure 3. The dynamic effect of policy on the pollution emissions. Note: (a,b) plot the impact of this policy on the logarithm
of the industrial SO2 and wastewater emissions, respectively. The dashed lines represent 95% confidence intervals, adjusted
for city-level clustering.

4.2.2. Variable Substitution

The method of variable substitution is one of the methods of robustness checks that
is widely used in the previous literature. We successively change the indicators of policy
variable and control variable to test the robustness of the results in Table 5.

The analysis of the baseline estimate is based on the implementation year of the
policy, so that different policy implementation times for different groups of cities are
not distinguished. For this, we further refine the policy variables to the monthly level.
If the policy is implemented in the demonstration city i in the nth month of the year
t, and the corresponding variable is policy∗it = (12 − n + 1)/12, and it equals 1 in the
year t + 1. Specifically, if the policy implementation time is in January, the variable
policy∗it = (12 − 1 + 1)/12 = 1; if the policy implementation time is in December, the
variable policyit = (12 − 12 + 1)/12 = 1/12. The regression results after replacing the
policy variable are shown in column (1) of Table 5. After changing the measurement of the
status variable of the policy implementation from year to month, we find that the effect
of comprehensive demonstration of fiscal policy for ECER on the industrial SO2 and the
industrial wastewater is still significantly negative. In addition, the degree of influence is
greater, which proves the reliability and the validity of the baseline results.
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Table 5. Robustness checks—variable substitution.

Variable
(1) (2) (3) (4)

ln (SO2) ln (Wastewater) ln (SO2) ln (Wastewater)

policy * −0.646 *** −0.460 ***
(0.133) (0.0938)

policy −0.233 *** −0.179 ***
(0.0548) (0.0374)

ln (grp) −0.0506 0.317 *** −0.101 0.294 ***
(0.130) (0.101) (0.130) (0.102)

ln (patent) −0.0634 ** −0.0702 **
(0.0291) (0.0276)

ln (open) −0.0298 * −0.0131 −0.0296 * −0.0131
(0.0175) (0.0152) (0.0174) (0.0152)

ln (pop) −0.0826 0.0992 −0.118 0.0943
(0.197) (0.175) (0.204) (0.183)

indus 0.969 *** 0.462 * 1.054 *** 0.421
(0.346) (0.275) (0.356) (0.285)

greenrate −0.116 *** −0.0437 −0.126 *** −0.0546
(0.0447) (0.0432) (0.0448) (0.0435)

ln (invention) −0.0248 −0.0675 ***
(0.0206) (0.0207)

No. of observations 1848 1850 1843 1845
R-squared 0.815 0.875 0.812 0.875

City fixed effect YES YES YES YES
Year fixed effect YES YES YES YES

Note: The robust standard errors are reported in parentheses. All regressions control for the city fixed effects and
the year fixed effects. Superscripts ***, **, * denotes significances at the 1%, 5%, 10% levels, respectively.

Invention patent is the best indicator of substantive innovation; thus, we replace ln
(patent) with ln (invention) in the column (3) and column (4) of Table 4. The coefficients of
policy, −0.233 and −0.179, are close to those in the column (2) and column (4) of Table 4.
Therefore, these robustness checks absolutely support the results in Table 4.

4.2.3. Sample Adjustment

Adjustment of the sample is another commonly-used method to check robustness
which mainly involves changing the sample period and the sample size. We adjust the
sample period to 2007–2016 to shorten the time window, and we eliminate the data for the
period before 2007 in the column (1) and column (2) in the Table 6. Shortening the time
window serves to eliminate the impact of other policies as much as possible. The results
show that the coefficients of policy are still negative and statistically significant at the 1%
level, which verifies the emission reduction effect of this policy. In the column (3) and
column (4), we change the sample size by removing the cities that are adjacent to more than
one city in the treatment group, to test whether the baseline conclusions are still robust.
The coefficients of policy in the new regressions are similar to those in Table 4, indicating
that the baseline results are robust.

4.2.4. Placebo Test

Research on DD model usually uses two methods, including changing the treatment
group or the policy implementation time, to conduct placebo test, which is also called
the counterfactual test. In this part, we conduct a placebo test by randomly assigning the
comprehensive demonstration cities of fiscal policy for ECER, in order to test the extent to
which the results are affected by the omitted variables [46]. More specifically, the virtual
demonstration cities are randomly selected from all the sample cities, and the virtual
policy implementation time of different cities is also randomly assigned during the sample
period, so the policy variable is randomly generated. Given the random data generation
process (DGP), the false policy variable should have produced no significant estimate with
a magnitude close to zero, that is, the expected value of the estimated coefficient is around
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0 due to random assignment for the treatment and control groups; otherwise, it would
indicate a misspecification of the DD estimation. In order to increase the identification
power, this placebo test is repeated 500 times.

Table 6. Robustness checks—sample adjustment.

Variable
(1) (2) (3) (4)

ln (SO2) ln (Wastewater) ln (SO2) ln (Wastewater)

policy −0.160 *** −0.102 *** −0.226 *** −0.135 ***
(0.0581) (0.0375) (0.0559) (0.0379)

ln (grp) 0.109 0.723 *** −0.145 0.239 **
(0.169) (0.164) (0.139) (0.101)

ln (patent) −0.0473 −0.103 ** −0.0805 ** −0.0392
(0.0358) (0.0423) (0.0315) (0.0285)

ln (open) −0.00276 −0.0266 −0.0385 ** −0.0213
(0.0184) (0.0197) (0.0189) (0.0166)

ln (pop) −0.347 −0.442 −0.156 0.0565
(0.264) (0.295) (0.208) (0.173)

indus 0.461 1.544 *** 1.539 *** 0.296
(0.444) (0.465) (0.381) (0.279)

greenrate −0.108 ** −0.0939 −0.0904 ** −0.0397
(0.0440) (0.0605) (0.0449) (0.0424)

No. of observations 1311 1313 1699 1701
R-squared 0.864 0.883 0.807 0.876

City fixed effect YES YES YES YES
Year fixed effect YES YES YES YES

Note: The robust standard errors are reported in parentheses. All regressions control for the city fixed effects and
the year fixed effects. Superscripts ***, ** denotes significances at the 1%, 5% levels, respectively.

The results of these falsification tests are shown in Figure 4. Both Figure 4a,b show
that the distribution of the emission reduction effect estimates from random assignments
is clearly centered around zero, which indicates that there is no effect on the randomly
constructed demonstration cities of ECER policy. Meanwhile, Figure 4a reports that the
benchmark coefficient of ln (SO2), −0.238, from column (2) in Table 4 is located outside the
entire distribution of the estimated coefficients of the falsification test. Figure 2b reports
that the benchmark coefficient of ln (wastewater), −0.175, from column (4) in Table 4, is far
from the distribution of the estimated coefficients from the 500 runs. Collectively, these
results suggest that the negative and significant effect of the comprehensive demonstration
cities of fiscal policy for ECER on pollution emissions is not driven by the unobserved
factors. Therefore, the placebo test supports the estimation strategy and indicates that the
baseline estimates in Table 4 are robust.

4.3. Mechanism Interpretation

In this section, we discuss the mechanism (or channels) underlying the negative
links between the comprehensive demonstration of fiscal policy for ECER and pollution
emissions. We assumed that this policy could reduce emissions by these two channels:
(1) upgrading of urban industry structure, and (2) incresing government regulation, espe-
cially the fiscal capacity of the local government.
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Figure 4. Distribution of estimated coefficients of placebo test. Note: (a,b), respectively, show the cumulative distribution
density of the estimated coefficients of ln (SO2) and ln (wastewater) is from 500 simulations randomly assigning the policy
status to cities.

4.3.1. Industry Structure

According to the implementation goals of the comprehensive demonstration of fiscal
policy for ECER, this policy aims to guide industrial innovation and the upgrading of indus-
trial structure, thereby reducing pollution emissions. As mentioned above, compared with
the secondary industry, the tertiary industry generally generates lower pollution emissions.
The change in industrial structure will influence the urban pollution emissions [40,41]. The
traditional industries could achieve the green upgrades through technological transforma-
tion, and other industries could develop green industries through the optimization and
adjustment of industrial structure, to promote the industrial upgrading and the transfor-
mation of the development mode of the overall city.

In order to test this mechanism, this paper measures the change in urban industrial
structure via the ratio of the secondary industry (si) and the ratio of the tertiary industry (ti).
The results are reported in Table 7. It can be seen that the coefficients of policy in column (1)
and (2), of which the dependent variable is the ratio of the secondary industry, indicating
that the comprehensive demonstration of fiscal policy for ECER has significantly reduced
the proportion of secondary industry. The regressions of the impact on the ratio of tertiary
industry are listed in column (3) and (4), which show that the proportion of secondary
industry in the demonstration cities after the implementation of this policy. These results
proved the first channel of change in industry structure.

Table 7. Mechanism analysis—industry structure.

Variable
(1) (2) (3) (4)
Si Si Ti Ti

policy −0.0335 *** −0.0310 *** 0.0177 *** 0.0174 ***
(0.0055) (0.0052) (0.0045) (0.0043)

Control variables NO YES NO YES
No. of observations 1921 1862 1921 1862

R-squared 0.830 0.876 0.865 0.883
City fixed effect YES YES YES YES
Year fixed effect YES YES YES YES

Note: The robust standard errors are reported in parentheses. All regressions control for the city fixed effects and
the year fixed effects. Superscripts *** denotes significances at the 1% level.

4.3.2. Fiscal Capacity

This government emission reduction policy is essentially a fiscal policy, and fiscal tools
are mainly used to achieve the targets. According to the statistics, the central government
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had allocated 4 billion yuan as the comprehensive award funds to the eight demonstration
cities of the first group by the end of 2012, and the corresponding local governments
at province-level and prefecture-level had also allocated more than 20 billion yuan in
total. These eight demonstration cities continued to receive a comprehensive award fund
of 4 billion yuan in 2013 [26]. At the same time, the award funds were allocated by
the factor method. Factors include workload, the effect of energy saving and emission
reduction and long-term mechanism construction, each with a certain weight. Therefore,
the comprehensive demonstration of fiscal policy for ECER increases the fiscal revenue of
the demonstration cities, and increases the expenditure pressure for energy saving and
emission reduction as well. If the fiscal capacity increases, the policy’s target for emission
reduction of policy is achieved.

In Table 8, we examine the second mechanism of fiscal capacity. The results in column
(1) and column (2) show that this policy has a positive impact on both the fiscal expenditure
and fiscal revenue, and the coefficient of the effect on the fiscal revenue is slightly higher.
This means that the local government has more financial resources for energy conservation
and emission reduction due to the comprehensive demonstration policy. Furthermore,
we consider the fiscal gap, which is usually used to measure the fiscal pressure of the
government [47]. The method of measuring the fiscal gap is as follows: gaprate = (fiscal
expenditure-fiscal revenue)/fiscal revenue. The result of regression on the fiscal gap is
presented in the column (3) of Table 8. The coefficient of policy is negative, indicating that
this policy might reduce the fiscal gap, but it is not statistically significant. In conclusion,
the second channel is that this policy could achieve the effect of emission reduction through
the enhancement of fiscal capacity, especially the capacity of fiscal revenue.

Table 8. Mechanism analysis—fiscal capacity.

Variable
(1) (2) (3)

ln (Exp) ln (Rev) Gaprate

policy 0.0950 ** 0.108 *** −0.0671
(0.0394) (0.0396) (0.0758)

Control variables YES YES YES
No. of observations 1863 1863 1863

R-squared 0.925 0.924 0.516
City fixed effect YES YES YES
Year fixed effect YES YES YES

Note: The robust standard errors are reported in parentheses. All regressions control for the city fixed effects and
the year fixed effects. Superscripts ***, ** denotes significances at the 1%, 5% levels, respectively.

5. Conclusions and Policy Implications

Pollution control has been one of the three critical challenges of Chinese government
in recent years, and pollution issues have become a major concern throughout society. This
paper focuses on the effect of the government emission reduction policy, and estimates
the impact of comprehensive demonstration of fiscal policy for ECER on the pollution
emissions. Base the data of Chinese cities from 2003 to 2016, we find that this policy reduces
the industrial SO2 emission by 23.8% on average and the industrial wastewater emission
by 17.5% on average; that is, the emission reduction policy implemented by Chinese
government has achieved its target for pollution control. Some robustness checks are
conducted to verify the baseline results. The test on the parallel trend assumption, variable
substitutions, changing the sample period and placebo test all support the conclusion that
this policy significantly reduce pollution emissions. As for the mechanism analysis, we
find that the underlying channels are industry structure and fiscal capacity. Specifically,
the implementation of this policy could reduce the pollution emissions by decreasing
the proportion of the secondary industry and increasing the proportion of the tertiary
industry. The target for emission reduction could be achieved by another channel, namely
the enhancement of fiscal capacity, especially the capacity of fiscal revenue. These findings
could be explained by the effectiveness of the targeted-based comprehensive policy and
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performance evaluation system. Our study also provides a useful reference for promoting
green development and sustainable development in Chinese cities. Based on these valuable
results presented above, we suggest the following policy implications:

(1) Emphasis should be placed on the policy integration, and the systematic and com-
prehensive promotion of pollution prevention and control. The results show that the
comprehensive demonstration reduced pollution emissions significantly. Government
should comprehensively consider fiscal policy, urban planning and spatial layout
and further integrate the pollution control, energy structure adjustment and green
development mode in a deeper degree.

(2) The financial resources of governments should be integrated, effectively avoiding
the overlap or blind spots in policies. Based on the platform of the city, the fiscal
funds of the central and local government should be integrated and used, effectively
avoiding overlapping of funds. At the same time, the central government should
provide comprehensive funds for emission reduction, and the cities should use them
in a coordinated manner, which enables the existing policies to be fully connected
and benefit from the synergy of funds.

(3) The demonstration effect should be expanded, and the effective practices and mea-
sures should be promoted in the non-demonstration cities. The demonstration cities
should continue to implement and improve this policy, and summarize its success
during the process of policy implementation. The non-demonstration cities should
attach importance to the effectiveness of this policy and actively explore additional
new policy tools by taking the demonstration cities as a benchmark.
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Appendix A

Table A1. Effect of the policy on other pollution emissions.

Variable
(1) (2) (3)

ln (NH) ln (COD) ln (PM2.5)

policy −0.248 ** −0.194 ** −0.0036
(0.118) (0.0945) (0.0145)

ln (grp) 0.613 ** 0.443 ** −0.0240
(0.293) (0.213) (0.0317)

ln (patent) −0.232 *** −0.0198 −0.0421 ***
(0.0888) (0.0603) (0.0077)

ln (open) −0.0316 −0.0849 ** 0.00154
(0.0485) (0.0334) (0.0046)

ln (pop) 1.898 *** 0.916 ** −0.0428
(0.538) (0.446) (0.0519)

https://www.cnrds.com/
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Table A1. Cont.

Variable
(1) (2) (3)

ln (NH) ln (COD) ln (PM2.5)

indus −1.269 −0.147 0.0266
(0.842) (0.572) (0.085)

greenrate 0.244 0.0613 0.0079
(0.592) (0.485) (0.0188)

No. of observations 1661 1663 1862
R-squared 0.786 0.851 0.954

City fixed effect YES YES YES
Year fixed effect YES YES YES

Note: NH represents industrial ammonia nitrogen emission, COD represents industrial chemical oxygen demand
emission, and PM2.5 represents fine particles with a diameter of 2.5 µm or less. The robust standard errors are
reported in parentheses. All regressions control for the city fixed effects and the year fixed effects. Superscripts
***, ** denotes significances at the 1%, 5% levels, respectively.
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9. Wątróbski, J.; Ziemba, P.; Jankowski, J.; Zioło, M. Green Energy for a Green City—A Multi-Perspective Model Approach.

Sustainability 2016, 8, 702. [CrossRef]
10. Cai, H.; Chen, Y.; Gong, Q. Polluting thy Neighbor: Unintended Consequences of China’s Pollution Reduction Mandates. J.

Environ. Econ. Manag. 2016, 76, 86–104. [CrossRef]
11. Sigman, H. Decentralization and Environmental Quality: An International Analysis of Water Pollution Levels and Variation.

Land Econ. 2014, 90, 114–130. [CrossRef]
12. Chen, Y.J.; Li, P.; Lu, Y. Career Concerns and Multitasking Local Bureaucrats: Evidence of a Target-Based Performance Evaluation

System in China. J. Dev. Econ. 2018, 133, 84–101. [CrossRef]
13. Chen, B.; Cheng, Y.-S. The Impacts of Environmental Regulation on Industrial Activities: Evidence from a Quasi-Natural

Experiment in Chinese Prefectures. Sustainability 2017, 9, 571. [CrossRef]
14. Barreca, A.; Neidell, M.; Sanders, N. Long-Run Pollution Exposure and Adult Mortality: Evidence from the Acid Rain Program.

In Long-Run Pollution Exposure and Adult Mortality: Evidence from the Acid Rain Program; National Bureau of Economic Research:
Cambridge, MA, USA, 2017. [CrossRef]

15. Wang, K.; Yan, M.; Wang, Y.; Chang, C.-P. The Impact of Environmental Policy Stringency on Air Quality. Atmos. Environ. 2020,
231, 117522. [CrossRef]

16. Edwards, V. A Review of the Court of Justice’s Case Law in Relation to Waste and Environmental Impact Assessment: 1992–2011.
J. Environ. Law 2013, 25, 515–530. [CrossRef]

17. Harrison, J. Reflections on the Role of International Courts and Tribunals in the Settlement of Environmental Disputes and the
Development of International Environmental Law. J. Environ. Law 2013, 25, 501–514. [CrossRef]

18. Zhang, Q.; Yu, Z.; Kong, D. The Real Effect of Legal Institutions: Environmental Courts and Firm Environmental Protection
Expenditure. J. Environ. Econ. Manag. 2019, 98, 102254. [CrossRef]

19. Auffhammer, M.; Kellogg, R. Clearing the Air? The Effects of Gasoline Content Regulation on Air Quality. Am. Econ. Rev. 2011,
101, 2687–2722. [CrossRef]

20. Li, P.; Lu, Y.; Wang, J. The Effects of Fuel Standards on Air Pollution: Evidence from China. J. Dev. Econ. 2020, 146, 102488.
[CrossRef]

21. Li, S.; Liu, Y.; Purevjav, A.-O.; Yang, L. Does Subway Expansion Improve Air Quality? J. Environ. Econ. Manag. 2019, 96, 213–235.
[CrossRef]

http://doi.org/10.1016/S0921-8009(00)00173-7
http://doi.org/10.1016/j.jedc.2007.06.010
http://doi.org/10.1016/j.landurbplan.2016.06.010
http://www.gov.cn/xinwen/2018-12/19/content_5350128.htm
http://doi.org/10.1016/j.ecolecon.2016.10.019
http://doi.org/10.1016/j.jclepro.2016.08.113
http://doi.org/10.1016/j.ecolecon.2006.11.013
http://doi.org/10.3390/su9020218
http://doi.org/10.3390/su8080702
http://doi.org/10.1016/j.jeem.2015.01.002
http://doi.org/10.3368/le.90.1.114
http://doi.org/10.1016/j.jdeveco.2018.02.001
http://doi.org/10.3390/su9040571
http://doi.org/10.3386/w23524
http://doi.org/10.1016/j.atmosenv.2020.117522
http://doi.org/10.1093/jel/eqt026
http://doi.org/10.1093/jel/eqt018
http://doi.org/10.1016/j.jeem.2019.102254
http://doi.org/10.1257/aer.101.6.2687
http://doi.org/10.1016/j.jdeveco.2020.102488
http://doi.org/10.1016/j.jeem.2019.05.005


Int. J. Environ. Res. Public Health 2021, 18, 4649 16 of 16

22. Lu, H.; Zhu, Y.; Qi, Y.; Yu, J. Do Urban Subway Openings Reduce PM2.5 Concentrations? Evidence from China. Sustainability
2018, 10, 4147. [CrossRef]

23. Davis, L.W. The Effect of Driving Restrictions on Air Quality in Mexico City. J. Polit. Econ. 2008, 116, 38–81. [CrossRef]
24. Viard, V.B.; Fu, S. The Effect of Beijing’s Driving Restrictions on Pollution and Economic Activity. J. Public Econ. 2015, 125, 98–115.

[CrossRef]
25. Zhang, W.; Lawell, C.-Y.C.L.; Umanskaya, V.I. The Effects of License Plate-Based Driving Restrictions on Air Quality: Theory and

Empirical Evidence. J. Environ. Econ. Manag. 2017, 82, 181–220. [CrossRef]
26. Two Departments Claimed to Carry Out the Comprehensive Demonstration Work on Fiscal Policy for Energy Conservation and

Emission Reduction. Available online: http://www.gov.cn/gzdt/2011-06/28/content_1895327.htm (accessed on 20 September
2020). (in Chinese).

27. Policy for Energy Conservation and Emission Reduction are Transformed from Single to Integrated. Available online: http:
//www.nea.gov.cn/2013-11/07/c_132866542.htm (accessed on 20 September 2020). (in Chinese).

28. List of Comprehensive Demonstration Cities of Fiscal Policy for Energy Conservation and Emission Reduc-tion. Available online:
http://www.gov.cn/xinwen/2014-10/28/content_2771481.htm (accessed on 20 September 2020). (in Chinese).

29. Tan, R.; Tang, D.; Lin, B. Policy Impact of New Energy Vehicles Promotion on Air Quality in Chinese Cities. Energy Policy 2018,
118, 33–40. [CrossRef]

30. Shi, D.; Ding, H.; Wei, P.; Liu, J. Can Smart City Construction Reduce Environmental Pollution. China Ind. Econ. 2018, 6, 117–135.
(in Chinese) [CrossRef]

31. Selden, T.M.; Song, D. Environmental Quality and Development: Is There a Kuznets Curve for Air Pollution Emissions? J. Environ.
Econ. Manag. 1994, 27, 147–162. [CrossRef]

32. Brajer, V.; Mead, R.W.; Xiao, F. Searching for an Environmental Kuznets Curve in China’s air pollution. China Econ. Rev. 2011, 22,
383–397. [CrossRef]

33. Song, M.; Song, Y.; An, Q.; Yu, H. Review of Environmental Efficiency and its Influencing Factors in China: 1998–2009. Renew.
Sustain. Energy Rev. 2013, 20, 8–14. [CrossRef]

34. Levinson, A. Technology, International Trade, and Pollution from US Manufacturing. Am. Econ. Rev. 2009, 99, 2177–2192.
[CrossRef]

35. Cole, M.; Trade, A. The Pollution Haven Hypothesis and the Environmental Kuznets Curve: Examining the Linkages. Ecol. Econ.
2004, 48, 71–81. [CrossRef]

36. Xu, C.; Zhao, W.; Zhang, M.; Cheng, B. Pollution Haven or Halo? The Role of the Energy Transition in the Impact of FDI on SO2
Emissions. Sci. Total. Environ. 2021, 763, 143002. [CrossRef]

37. Our Country has become the Largest Trading Country and the Second Largest Consumer Market in the World. Available online:
https://www.sohu.com/a/345569360_483683 (accessed on 13 October 2020).

38. Li, K.; Fang, L.; He, L. How Population and Energy Price Affect China’s Environmental Pollution? Energy Policy 2019, 129,
386–396. [CrossRef]

39. Li, X.; Zhang, D.; Zhang, T.; Ji, Q.; Lucey, B. Awareness, Energy Consumption and Pro-Environmental Choices of Chinese
Households. J. Clean. Prod. 2021, 279, 123734. [CrossRef]

40. Wei, D.; Liu, Y.; Zhang, N. Does Industry Upgrade Transfer Pollution: Evidence from a Natural Experiment of Guangdong
Province in China. J. Clean. Prod. 2019, 229, 902–910. [CrossRef]

41. Wu, H.; Guo, H.; Zhang, B.; Bu, M. Westward Movement of New Polluting Firms in China: Pollution Reduction Mandates and
Location Choice. J. Comp. Econ. 2017, 45, 119–138. [CrossRef]

42. Friedl, B.; Getzner, M. Determinants of CO2 Emissions in a Small Open Economy. Ecol. Econ. 2003, 45, 133–148. [CrossRef]
43. Nowak, D.J.; Crane, D.E.; Stevens, J.C. Air Pollution Removal by Urban Trees and Shrubs in the United States. Urban For. Urban

Green. 2006, 4, 115–123. [CrossRef]
44. Beck, T.; Levine, R.; Levkov, A. Big Bad Banks? The Winners and Losers from Bank Deregulation in the United States. J. Financ.

2010, 65, 1637–1667. [CrossRef]
45. Lu, Y.; Wang, J.; Zhu, L. Place-Based Policies, Creation, and Agglomeration Economies: Evidence from China’s Economic Zone

Program. Am. Econ. J. Econ. Policy 2019, 11, 325–360. [CrossRef]
46. Li, P.; Lu, Y.; Wang, J. Does Flattening Government Improve Economic Performance? Evidence from China. J. Dev. Econ. 2016,

123, 18–37. [CrossRef]
47. Jia, J.; Liu, Y.; Martinez-Vazquez, J.; Zhang, K. Vertical Fiscal Imbalance and Local Fiscal Indiscipline: Empirical Evidence from

China. Eur. J. Polit. Econ. 2020, 101992, 101992. [CrossRef]

http://doi.org/10.3390/su10114147
http://doi.org/10.1086/529398
http://doi.org/10.1016/j.jpubeco.2015.02.003
http://doi.org/10.1016/j.jeem.2016.12.002
http://www.gov.cn/gzdt/2011-06/28/content_1895327.htm
http://www.nea.gov.cn/2013-11/07/c_132866542.htm
http://www.nea.gov.cn/2013-11/07/c_132866542.htm
http://www.gov.cn/xinwen/2014-10/28/content_2771481.htm
http://doi.org/10.1016/j.enpol.2018.03.018
http://doi.org/10.19581/j.cnki.ciejournal.2018.06.008
http://doi.org/10.1006/jeem.1994.1031
http://doi.org/10.1016/j.chieco.2011.05.001
http://doi.org/10.1016/j.rser.2012.11.075
http://doi.org/10.1257/aer.99.5.2177
http://doi.org/10.1016/j.ecolecon.2003.09.007
http://doi.org/10.1016/j.scitotenv.2020.143002
https://www.sohu.com/a/345569360_483683
http://doi.org/10.1016/j.enpol.2019.02.020
http://doi.org/10.1016/j.jclepro.2020.123734
http://doi.org/10.1016/j.jclepro.2019.04.294
http://doi.org/10.1016/j.jce.2016.01.001
http://doi.org/10.1016/S0921-8009(03)00008-9
http://doi.org/10.1016/j.ufug.2006.01.007
http://doi.org/10.1111/j.1540-6261.2010.01589.x
http://doi.org/10.1257/pol.20160272
http://doi.org/10.1016/j.jdeveco.2016.07.002
http://doi.org/10.1016/j.ejpoleco.2020.101992

	Introduction 
	China’s Comprehensive Demonstration of Fiscal Policy for ECER 
	Estimation Strategy 
	Estimation Framework 
	Data 

	Results and Discussion 
	Baseline Estimates 
	Robustness Checks 
	Test on the Parallel Trend Assumption 
	Variable Substitution 
	Sample Adjustment 
	Placebo Test 

	Mechanism Interpretation 
	Industry Structure 
	Fiscal Capacity 


	Conclusions and Policy Implications 
	
	References

