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Abstract

The environmental protection tax (EPT) is an important environmental policy in China. However, it remains unclear whether
the EPT has reduced environmental pollution effectively since its implementation in 2018. Based on the panel data of 229
prefecture-level cities in China during 2015-2019 and the difference-in-differences (DID) model, this study empirically
assesses the causal effect of the EPT on environmental pollution. It is found that the EPT has a significantly negative effect
on industrial sulfur dioxide (SO,) and industrial soot (dust) emissions but has no significant impact on industrial wastewater
emissions. The mechanism analysis reveals that the EPT has the tax enforcement effect and energy efficiency effect, that is,
the EPT reduces pollution emissions through increasing actual tax burden and improving the efficiency of energy utilization.
However, the innovation effect is weak, which is only effective in reducing industrial SO, emissions. Finally, we compare
how different types of cities responded to the EPT. The results show that the EPT has limited effect on environmental pol-
lution in large cities and southern China.
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Introduction

Developing countries, including China, have long faced
the dilemma of how to balance economic growth and envi-
ronmental protection. Due to the advantages of labor and
resources, China has created a great economic growth mira-
cle over the past 40 years of reform and opening up (Wu
et al. 2019). However, rapid economic growth has also led
to serious environmental pollution issues (Zhu et al. 2019).
According to the Environmental Performance Index 2022
(EPI) jointly released by Columbia University and Yale
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University, China’s EPI ranked 160 out of 180 countries
in the world.! The excessive environmental pollution has
been a growing threat to China’s sustainable development
(Yang et al. 2019). The average value of welfare loss from
air pollution in China accounts for 5.765% of GDP during
1990-2017.2

To effectively address the environmental problems, the
Chinese government has launched a series of environmen-
tal regulation, including the environmental protection tax
(EPT). The EPT is levied on producers who directly emits
pollutants into the environment. Four categories of pollut-
ants are taxable, including air pollutants, water pollutants,
solid waste, and noise, with a total of 117 pollution factors.
Actually, the EPT originate from the pollutant discharge
fee, which began to implemented in the 1980s. However,
due to the low charging standards and a lack of compulsory
enforcement, the pollutant discharge fee did poorly in alle-
viating the deterioration of environment (Li et al. 2021).
Therefore, the Chinese government actively promotes con-
version of the pollutant discharge fee to the EPT, attempt-
ing to stimulate companies to reduce pollution emissions

! Data source: https:/epi.yale.edu/downloads/epi2022report06062022.pdf

2 Data source: https://stats.oecd.org/
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and protect the environment through strict taxation. Finally,
the Chinese government levy the EPT in 2018, replacing
the pollutant discharge fee that had been in place for nearly
40 years. Compared to the pollutant discharge fee, the EPT
has stricter tax enforcement and higher tax rates, which
could increase the motivation for enterprises to reduce pol-
lution emissions. However, as a market-based environmental
regulation, the EPT only charges a price on the pollutants
emitted by polluters and cannot impose restriction on the
amount of emission. If the marginal benefits of pollutant
emissions are higher than the marginal costs, companies
would rather pay the EPT than reduce pollution emissions.
Hence, whether the EPT could realize the goal of controlling
environmental pollution is still controversial.

Actually, the impact of environmental regulation on
environmental pollution is not a new topic, but there is a
great divergence in conclusions (Shi et al. 2019; Lai et al.
2020; Wu and Gao 2021; Alola and Nwulu 2022). Scholars
generally believe that environmental regulation could play
an important role in controlling environmental pollution
(Wang et al. 2018; Orset 2019; Mardones and Mena 2020;
Wang and Li 2021), as environment regulation could stimu-
late enterprises to increase environmental investment and
conduct technological innovation (He et al. 2021; Prest and
Krupnick 2021). However, some scholars argue that environ-
mental regulation could not control environmental pollution
effectively (Yuan et al. 2017; Hao et al. 2018), owing to the
existence of institutional defects (Wu and Tal 2018) and the
conflict between environment protection targets and fiscal
targets (Tobin and Cho 2010). In a more complicated result,
some literature even finds that the impact of environmental
regulation on pollution emissions varies across pollutants
and regions (Lin and Li 2011; Mardones and Cabello 2019;
Zhang et al. 2019).

As for the EPT, a market-based environmental regula-
tion, a growing number of studies have investigated its
impact, such as its impact on enterprises’ environmental
investments (Liu et al. 2022), enterprises’ technological
innovation (Wang and Yu 2021; Jiang et al. 2023), the
green transformation of heavy polluters (Liang et al. 2022),
and corporate performance (Long et al. 2022). Only a few
studies attempt to evaluate the tax’s impact on environmen-
tal pollution (Li et al. 2021; Li 2022), and there is room for
improvement. On the one hand, lack the assessment of the
impact of the EPT on water pollution. The EPT is levied
on both air pollutant and water pollutants. Curbing severe
water pollution is also the goal of the EPT. But existing
studies only discuss its impact from the perspective of air
pollutants. Its impact on water pollution has been ignored.
On the other hand, probably due to the lack of relevant
data, the underlying mechanisms and heterogeneity have
rarely been analyzed (Li et al. 2021).

To narrow the aforementioned research gaps, this study
utilizes the implementation of the EPT law as a quasi-natural
experiment and employs a DID model to identify the causal
effect of the EPT on environmental pollution. Based on the
panel data of 229 prefecture-level cities in China during
2015-2019, we find that the EPT has a significantly negative
effect on industrial sulfur dioxide (SO,) and industrial soot
(dust) emissions but has no significant impact on industrial
wastewater emissions. The mechanism analysis indicates
that the EPT could reduce environmental pollution through
enhancing tax enforcement and energy efficiency. The medi-
ating effect of technological innovation is only effective in
controlling industrial SO, emissions. Finally, the heteroge-
neity analysis shows that the EPT has a significantly nega-
tive impact on environmental pollution in small cities and
northern China but exerts little impact in large cities and
southern China.

Our study contributes to the existing literature in several
aspects. First, we empirically investigate the environmental
effect of the EPT, a market-based environmental regulation.
The empirical results verify the effectiveness of the EPT in
controlling environmental pollution, which not only provides
empirical evidence from the largest developing countries for
related studies, but also highlights the importance of carry-
ing out stringent environmental regulation to improve the
environmental welfare for population in developing coun-
tries. Second, we enrich the study of the EPT. Unlike exist-
ing studies that focus only on the impact of the EPT on air
pollution, our study focuses on both its impact on air pol-
lution and water pollution, which is of great importance for
Chinese government to comprehensively evaluate the EPT’s
impact on environment and further improve the EPT in the
future. In addition, we analyze the mechanisms through
which the EPT affect environmental pollution and its het-
erogeneous effects on environmental pollution in cities with
different sizes and locations, which is rarely studied in exist-
ing studies (Li et al. 2021). Third, the results of this study
could contribute to understanding the mechanisms by which
environmental regulation achieves economic dividends.
The mechanism analysis reveals that the EPT has a signifi-
cantly positive impact on regional technology innovation
and energy efficiency. Although the EPT may lead to higher
production costs and lower profits for firms in the short time,
the positive effect on facilitating technology innovation and
energy efficiency may bring about additional productivity
gains in the long run.

The rest of this study is arranged as follows. The
“Research hypothesis” section discusses the research
hypothesis. The “Methodology and data” section introduces
the methodology and data. The empirical results and rel-
evant discussion are shown in the “Results and discussion”
section. The “Heterogeneity analysis” section contains the
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heterogeneity analysis. The final section is the “Conclusion
and policy implications”.

Research hypothesis
The EPT and environmental pollution

Pigou (1932) proposed that levying environmental taxes on
polluters is an effective measure to solve the problem of neg-
ative externalities caused by environmental pollution. The
essence of environmental taxes is to internalize the external
costs of environmental pollution into the costs of polluters’
production, so as to stimulate enterprises to reduce pollution
emissions and protect environment (Liu et al. 2022). How-
ever, due to the non-exclusive nature of the environment as
a public good, companies would not be motivated to reduce
pollution emissions unless the tax rate is higher than their
marginal abatement cost (Arwin and Daigee 2011). Other-
wise, companies prefer to pay environmental taxes instead
of taking measures to reduce pollution emissions.

The Chinese government implemented the pollutant dis-
charge fee in 1982, which is the predecessor of the EPT.
However, the pollutant discharge fee was not effective in
promoting pollution reduction due to low fees, corruption
issues, and loose regulations (Maung et al. 2016; Li et al.
2021). To deal with these issues, the government issued the
EPT law in 2016 and began to levy the EPT on January 1,
2018, changing the pollutant discharge fee into the EPT.
Compared to the pollutant discharge fee, the EPT has been
incorporated into the national legal system, which is stricter
and mandatory. The problems of fee negotiation, interest
exchanges, and missing payments are effectively eliminated,
which will increase the actual tax burden of pollution emis-
sions. In addition, 12 provinces® have set the tax rate of the
EPT exceeding the pollutant discharge fee, which will also
put extra pressure on enterprises to reduce pollution emis-
sions. Thus, we propose the following hypothesis.

H1. The EPT has a significantly negative effect on envi-
ronmental pollution.

Tax enforcement effect

Tax enforcement is an important external force that
supervises companies and influences corporate behav-
ior (Wang et al. 2023). For example, the tax authorities
could audit companies’ accounting books, and super-
vise the company to prevent any actions that harms tax

312 provinces include Beijing, Hebei, Henan, Shandong, Shanxi,
Hunan, Jiangsu, Chongqing, Sichuan, Guizhou, Guangxi, and Hainan
provinces.

@ Springer

revenue. Stricter tax enforcement will raise the actual tax
burden on enterprises (Sun 2022).

The EPT could reduce environmental pollution by stricter
tax enforcement. For one thing, the implementation of the
EPT will discourage enterprises’ tax avoidance activities.
Compared to the pollutant discharge fee, the EPT is incor-
porated into the national legal system. Polluters who refuse
to pay or avoid paying the EPT will be fined up to five times
the amount payable, and even be prosecuted for criminal
responsibility in serious cases. In such a situation, the ben-
efit—cost ratio of tax avoidance activities becomes lower and
enterprises’ incentive to avoid taxation decreases (Tang and
Yang 2023). For another thing, with the strengthening of
environmental authorities’ supervision of pollution emis-
sions, data falsification will gradually decrease. The data
on pollution emissions reported by enterprises will be more
accurate. As a result, the actual levy rate of the EPT will be
higher than that of the pollutant discharge fee, which to some
extent will raise the tax burden on enterprises. In a word,
stricter tax enforcement brought by the EPT could effec-
tively reduce tax avoidance activities and the falsification of
pollution emissions data, leading to an increase in the actual
cost of pollution emissions and stimulating enterprises to
reduce pollution emissions. Accordingly, we propose the
hypothesis as follows.

H2. The EPT reduces environmental pollution through
the mediating effect of tax enforcement.

Innovation effect

According to the Porter hypothesis, environmental regula-
tion could stimulate firms to develop technological innova-
tion, resulting in an innovation compensation effect (Porter
1991; Porter and van der Linde 1995). In other words, the
benefits brought by technological innovation could offset the
environmental compliance costs.

As a market-based environmental regulation, the EPT
may promote pollution reduction by technological innova-
tion. On the one hand, compared to the pollutant discharge
fee, the EPT has higher tax rates, which will increase enter-
prises’ environmental compliance costs and put external
pressure on enterprises to reduce emissions. The theory of
enterprise competitiveness indicates that the external pres-
sure could motivate firms to conquer organizational slug-
gishness and exert a considerable impact in driving firms to
engage in technological innovation (Ambec and Barla 2002).
On the other hand, the implementation of the EPT could
reduce the risk of environmental investment and influence
enterprises’ expectations. The EPT law is the first tax law
in the history of China aimed at environmental protection
(Yang and Tang 2023), which indicates that the government
has placed a high priority on environmental protection. It
will make enterprises realize the fact that environmental
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protection is a long-term task that enterprises have to face.
Therefore, enterprises have to enhance their environmental
investment and carry out technological innovation to reduce
pollution emissions for long-term benefits. Moreover, enter-
prises with pollutant emission concentrations below the
legal limit will receive tax breaks, which will also motivate
enterprises to conduct technological innovation to reduce
pollution emissions. Based on the analysis, we propose the
hypothesis as follows.

H3. The EPT reduces environmental pollution through
the mediating effect of technological innovation.

Energy efficiency effect

Improving energy efficiency has become an important meas-
ure for enterprises to reduce environmental pollution with
the constant increase in energy demand (de Miguel et al.
2015). The higher the energy efficiency, the less amount of
pollutant would be emitted per unit of output.

The EPT could stimulate enterprises to improve energy
efficiency, thereby reducing pollution emissions. On the one
hand, the EPT could help optimize the energy structure (Gao
et al. 2022). It is notable that the standardization and strict-
ness of the EPT could restrict companies, especially those
in high-polluting industries, from over-investing in expand-
ing production capacity (Yu et al. 2021). As a result, the
energy consumption of companies will be declined, espe-
cially coal, leading to the optimization of energy structure
and a reduction of pollution emissions. On the other hand,
the EPT could stimulate enterprises to reduce energy waste.
The implementation of the EPT brings higher cost pres-
sure to enterprises. Under such pressure, enterprises have
the motivation to strengthen the supervision of production
process, taking full use of energy to save costs (Cao et al.
2022). Hence, the EPT could stimulate enterprises to opti-
mize the energy structure and reduce energy waste, leading
to improved energy efficiency and reduced pollution emis-
sions. According to the analysis, we propose the hypothesis
as follows.

H4. The EPT reduces environmental pollution through
the mediating effect of energy efficiency.

Methodology and data

Model

The DID model

This paper adopts the DID model to investigate the impact
of the EPT on environmental pollution. The EPT law was

initiated nationwide in 2018, so we cannot classify the treat-
ment group and control group by whether a city has enforced

the EPT. As an alternative identification strategy, we note
that although all cities have enforced the EPT in 2018, the
effect of the EPT varies across cities due to the differences
in tax rates. As we mentioned earlier, cities in 12 provinces
such as Beijing, Hebei, and Henan have set the tax rate of the
EPT higher than the pollutant discharge fee. The increased
tax rate made them largely affected by the EPT. While cit-
ies in the other provinces set the tax rate of the EPT equal
to the pollutant discharge fee, the unchanged tax rate made
them experience less change when implementing the EPT
(Long et al. 2022). Based on this judgement, we refer to
previous studies (Gao et al. 2022; Long et al. 2022; Yang
and Tang 2023), treating the implementation of the EPT
law as a quasi-natural experiment, with cities with increased
tax rate as the treatment group and cities with unchanged
tax rate as the control group. Accordingly, we construct the
DID model as follows to investigate the impact of the EPT
on environmental pollution:

Pollute;, = a + fTreat; X Time, + 0X;, + n; + 6, +&;, (1)

where ¢ and i represent the year and the city, respectively.
Pollute;, is the environmental pollution of city i in year ¢.
Treat; is a city dummy variable and Time, is a time dummy
variable. The interaction term, Treat; X Time,, is the key
explanatory variable, meaning that whether the city
increased its environmental tax rate after the implementa-
tion of the EPT law. g captures the effect of the EPT on
environmental pollution. Xj, is a set of control variables that
may influence cities’ environmental pollution. #; is the city
fixed effect and ¢, is the year fixed effect. ¢;, represents the
random error term.

The mediating effect model

To identify the mechanism through which the EPT influ-
ences environmental pollution, we utilize the mediating
effect model proposed by Baron and Kenny (1986) for test-
ing. Specifically, the following models are constructed.
Equation (3) is utilized to evaluate the impact of the EPT on
the mediating variables (including tax enforcement, techno-
logical innovation, and energy efficiency). Furthermore, we
employ Eq. (4) to evaluate the impact of mediating variables
on environmental pollution.

Pollute;, = a + fTreat; X Time, + 0X;, +n; + 6, + &,  (2)
M, = ay+ a Treat; X Time, + 0X,, + n; + 6, + ¢, 3)
Pollute;, = yy + y,Treat; X Time, + y,M;, + 6X;, + n; + 6, + €,

“)

where M, is the mediating variable, including tax enforce-
ment (TE), technological innovation (Rd), and energy

@ Springer
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Table 1 Descriptive statistics of variables

Variable Definition and unit Obs  Mean Std. Dev.  Min Max

S0, The industrial SO, emissions per unit of GDP (ton/10,000 yuan) 1145 0.0014 0.0017 0.0000 0.0101
Dust The industrial soot (dust) emissions per unit of GDP (ton/10,000 yuan) 1145 0.0013 0.0019 0.0000 0.0127
Water The industrial wastewater emissions per unit of GDP (ton/yuan) 1145 0.0002 0.0002 0.0000 0.0012
PGDP  The real GDP per capita (yuan/person) 1145 64518.77 48731.43 14557.75 238250.7
FDI The share of foreign direct investment in GDP (%) 1145 1.6300 1.6335 0.0083 7.2055
Indus The share of secondary industry value added in GDP (%) 1145 44.1829 9.4914  18.6700  65.0500
Popden  The population density (person/square kilometer) 1145 462.1234 351.8778  38.7847 2275.6190
TE The actual tax burden minus the expected tax burden (—) 1145 —0.0002 0.0478 —0.0847 0.1579
Rd The ratio of R&D input to GDP (%) 1145 0.3229 0.2770 0.0274 1.5618
El The energy consumption per unit of GDP (ton coal equivalent/10,000 yuan) 1145 0.7576 0.5448 0.1715 2.7594

efficiency (EI). The meaning of the other symbols is the
same as those in Eq. (1). In the first stage, estimate the sig-
nificance of f in Eq. (2). If § is insignificant, it means that
the EPT has no significant effect on environmental pollution,
and stop the test for mediating effect. In the second stage,
estimate the statistical significance of @, in Eq. (3) and y,
in Eq. (4), respectively. If @, and y, are both significant, it
suggests that a mediating effect exists. On this basis, if y; in
Eq. (4) is statistically insignificant, a complete mediating
effect exists; if y, is significant and larger than § in Eq. (2),
a partial mediating effect exists. Finally, if either a, or y, is
statistically insignificant, we should conduct the Sobel test
to judge whether a mediating effect exists.

Variable

Dependent variable

Environmental pollution (Pollute;) Existing studies gener-
ally use the emissions of specific pollutants as a proxy for
environmental pollution. In this study, we use industrial
SO, emissions per unit GDP (SO,) and industrial soot (dust)
emissions per unit GDP (Dust) to measure air pollution and
industrial wastewater emissions per unit GDP (Water) to
measure water pollution (Yu et al. 2019).

Key independent variable

The EPT policy variable (Treat;xTime,) Treat,is a city dummy
variable that is equal to 1 if city i raised the environmental
tax rate in 2018; otherwise, it equals to 0. Time, is a time
dummy variable that is equal to 1 during 2018-2019 and
0 during 2015-2017. The interaction term, Treat; X Time,,
is the explanatory variable that tests whether the EPT will
affect environmental pollution.

@ Springer

Control variables

With reference to previous studies (Yu et al. 2019; Song
et al. 2020), this study also controls a series of variables that
affect cities’ environmental pollution, including the level of
economic development (PGDP), industrial structure (Indus),
population density (Popden), and foreign direct investment
(FDI). The definitions and units of variables are shown in
Table 1. The Environmental Kuznets Curve hypothesis indi-
cates that an inverted U-shaped relationship exists between
environmental pollution and the level of economic devel-
opment (Dinda 2004). Therefore, the squared term of the
level of economic development (PGDP?) is also taken into
account. Regional real GDP is deflated by the regional GDP
index, and we take 2015 as the base year.

Mediating variables

Tax enforcement (TE) Strict tax enforcement will increase
the cost of production and guide firms to control pollution
emissions (Liu et al. 2023). Referring to Yang and Tang
(2023), tax enforcement is expressed as the difference
between the actual tax burden minus the expected tax bur-
den. We construct the following model to estimate TE.

T.
GD’; = fy + B;LnGDP;, + p,Ind1, + p5Ind2, + time, + city; + €,
i
®)
Tit Tit
TE = — Pre 6)
GDP GDP

it

where T}, is the tax revenue of city i in year t. GDP;, repre-
sents the gross regional product of city i in year ¢. The mean-
ings of Indl and Ind2 are the proportions of first and second-
ary industry value added to GDP, respectively. Pre#
represents the expected tax burden. Frist, regress Eq. (5) to

estimate the expected tax burden, which is the residual of
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Table2 The resu]F of the impact Variables LnSO, LnDust LnWater
of the EPT on environmental
pollution 1) 2) 3) ) ) ©6)
Treat X Time —0.164%**  —0.171%**  —0.175%%*  —(.172%* —0.046 —-0.027
(0.061) (0.061) (0.066) (0.067) (0.052) (0.050)
LnPGDP 2.883 —4.181 —14.838*%%*
(3.124) (3.488) (2.553)
LnPGDP? -0.171 0.133 0.635%**
(0.145) (0.160) 0.114)
LnFDI -0.016 —-0.019 —0.030%*
(0.016) 0.017) (0.015)
Lnindus —0.518%** —0.612%** —0.413%**
(0.145) (0.161) 0.151)
LnPopden —0.667 —0.658 0.240
(0.618) (0.619) (0.627)
Constant —6.211***  —11.470 —6.595*%**  29.099 —8.232%%* 77 825%**
(0.029) (17.455) (0.033) (19.830) (0.025) (16.023)
Year FE Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Observations 1145 1145 1145 1145 1145 1145
R-squared 0.780 0.788 0.616 0.634 0.529 0.582

Figures in parentheses are robust standard errors; *** ** and * represent 1%, 5%, and 10% significant

levels, respectively

Eq. (5). Then, calculate tax enforcement using Eq. (6). A
higher value of TE means stricter tax enforcement.

Technological innovation (Rd) Technological innovation is
a key driving force in reducing pollution emissions. In this
study, R&D intensity, the ratio of R&D input to GDP, is
employed to measure technological innovation (Cheng et al.
2017).

Energy efficiency (E/) Energy intensity could accurately
reflect the energy consumed to obtain unit GDP. Energy
intensity, the energy consumption per unit of GDP, is used
to measure energy efficiency (Cirone and Urpelainen 2013;
Pan et al. 2021). Referring to Shi and Li (2020) and Gao
et al. (2022), the energy consumption of cities is obtained
by decomposing provincial energy consumption data based
on prefecture-level cities’ nighttime lighting data.

Date description

Constrained by data availability, we drop the cities with seri-
ous data missing. Finally, this study obtains a balanced panel
data of 229 prefecture-level cities in China during the period
of 2015-2019. The data of provincial energy consumption
is collected from the China Energy Statistical Yearbook
(2016-2020). The nighttime lighting data is gained from
the National Oceanic and Atmospheric Administration
(NOAA), which is widely used in the field of economics

to simulate variables (Shi and Li 2020). Other variables
are collected from the China City Statistical Yearbook
(2016-2020) and the statistical yearbooks of prefecture-level
cities (2016-2020). To address the heteroscedasticity of the
model, variables are in logarithmic form. The definitions and
descriptive statistics of the variables are shown in Table 1.

Results and discussion
Analysis of baseline regression results

We employ the DID model to assess the net effect of the
EPT on environmental pollution by Eq. (1). According
to Columns (1)—(4) of Table 2, the impact of the EPT on
industrial SO, and soot (dust) emissions is significant and
negative no matter whether the control variables are added.
The industrial SO, and soot (dust) emissions of cities in the
treatment group decrease by 17.1% and 17.2%, respectively,
compared to those in the control group. This suggests that
the EPT has raised the tax burden on enterprises in the
short term, which stimulates them to reduce pollution emis-
sions. The possible reasons are as follows. The EPT has
more strict supervision and enforcement than the pollutant
discharge fee, which will reduce the issues of fee nego-
tiation, interest exchanges, and missing payments during
the collection and management process, and thus increase

@ Springer
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Fig. 1 Parallel trend test. a Time trends in LrnSO,. b Time trends in LnDust. ¢ Time trends in LnWater

enterprises’ actual tax burden and result in the significant
decrease in pollution emissions.

The results in Columns (5) and (6) indicate that the EPT
has no significant impact on industrial wastewater emissions
and could not impel cities to reduce industrial wastewater
emissions. Two possible reasons are as follows. First, the
taxable object of industrial wastewater is not comprehensive.
Wastewater pollutants such as total nitrogen, dimethyl amide
and dioxin, which are discharged in high quantities, are not
included in the scope of the EPT. Second, the environmental
tax rate for water pollutants is low. According to the EPT
law, the range of the tax rate for water pollutants is between
1.4 and 14 yuan per pollution equivalent. The lowest tax rate
is implemented in 14 provinces. Therefore, the EPT could
reduce industrial SO, and soot (dust) emissions, but exerts
no significant impact on industrial wastewater emissions.

Parallel trend test

Satisfying the hypothesis of parallel trend is a precondition
for utilizing the DID model, which means that the explained

@ Springer

variable of the treatment group and the control group should
have the same time trend before the implementation of the
policy (Acemoglu and Angrist 2001; Zhang et al. 2021). Oth-
erwise, the conclusion we obtain from the DID model will be
biased. Referring to Du et al. (2022), we construct the model
as follows to test whether the hypothesis of parallel trend is
satisfied.

2019
Pollute;, = p, + Z P, Treat; X Time, + p, X;, + n; + 6, + €,

1=2015
(7

where Time, is the indicator variable. Time, equals 1 if it is in
year t; otherwise, it equals 0. The meaning of the other sym-
bols is the same as those in Eq. (1). We take 2015 as the base
year. Figure 1 shows the time trend of the regression coef-
ficients of Treat; X Time, under the 95% confidence interval.
The coefficients of Treat; X Time, do not significantly differ
from O before the implementation of the EPT, indicating
that there is no significant difference in the change trend of
environmental pollution between the treatment group and
the control group before the implementation of the EPT.
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Table 3 Mechanisms tests
Variables TE LnSO, LnDust LnRd LnSO, LnDust LnEI LnSO, LnDust
(D ) 3) G} (5) (6) ) 3) )
Treatx Time  0.004%** —0.147%* —0.147** 0.132%%* —0.159%**  —(.170%* —0.058%**  —(.155%* —0.148%%*
(0.001) (0.061) (0.067) (0.051) (0.047) (0.067) (0.019) (0.062) (0.067)
TE —5.785%**  —6.175%*
(2.204) (2.439)
LnRd —0.088%*%* -0.014
(0.040) (0.058)
LnEI 0.2727% 0.412%%%
(0.130) (0.149)
LnPGDP 0.031 3.062 —3.990 —5.174%% 2426 —4.251 1.287 2.533 —-4.712
(0.060) (3.070) (3.430) (2.391) (2.167) (3.479) (1.151) (3.051) (3.442)
LnPGDP? —0.002 -0.182 0.121 0.261%%* —0.148 0.136 —0.083 —-0.149 0.167
(0.003) (0.144) (0.158) (0.110) (0.101) (0.160) (0.057) (0.141) 0.157)
LnFDI 0.001 % —0.011 -0.014 0.029%* -0.014 -0.019 —0.005 —0.015 -0.017
(0.000) (0.016) (0.018) 0.017) (0.016) 0.017) (0.006) (0.016) (0.016)
Lnindus 0.003 —0.500%**  —0.594%**  —(.253% —0.540%**  —0.616%**%  —0.408%*%*  —0.407***  —(.444%%%*
(0.004) (0.145) (0.159) (0.145) (0.145) (0.163) (0.080) (0.148) (0.165)
LnPopden —0.019%*  —0.778 -0.776 1.004#%* —-0.578 —0.644 —0.679* —0.482 —-0.378
(0.009) (0.622) (0.627) (0.507) 0.447) (0.632) (0.354) (0.591) (0.615)
Constant —-0.010 —11.528 29.037 18.906 —-9.798 29.357 0.915 —-11.719 28.722
(0.348) (17.105) (19.565) (14.139) (12.329) (19.745) (7.152) (17.228) (19.809)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1145 1145 1145 1145 1145 1145 1145 1145 1145
R-squared 0.044 0.790 0.638 0.110 0.789 0.634 0.288 0.789 0.639

Figures in parentheses are robust standard errors; ***, ** and * represent 1%, 5%, and 10% significant levels, respectively

Indeed, the coefficients of Treat; X Time, are significant for
LnSO, from 2018 and for LnDust from 2019, which means
the hypothesis of parallel trend is satisfied and again veri-
fies that the EPT could significantly reduce environmental
pollution.

Mechanism analysis

In this part, we try to verify whether the EPT reduces envi-
ronmental pollution through tax enforcement, technological
innovation and energy efficiency. Based on Egs. (2)—(4), the
mediating effect of these three variables are tested, and the
regression results are presented in Table 3.

Mediating effect of tax enforcement

The result in Column (1) of Table 3 shows that the coeffi-
cient of Treat X Time is significantly positive, indicating that
the EPT is conducive to enhancing tax enforcement. Accord-
ing to Columns (2) and (3), the increase in tax enforce-
ment will lead to a significant decrease in environmental
pollution, with 1% increase in tax enforcement decreasing

cities’ industrial SO, and soot (dust) emissions by 5.785%
and 6.175%, respectively. Moreover, the coefficients of
Treat X Time are significantly negative and slightly larger
than those in Table 2, indicating that a partial mediating
effect exists and H2 is verified.

The results indicate that the EPT could make the tax
enforcement stricter, reducing tax avoidance activities and
the falsification of pollution emissions data. The stricter tax
enforcement could effectively enhance enterprises’ actual
tax burden and stimulate them to reduce pollution emissions.
Therefore, tax enforcement plays a mediating role in the
effect of the EPT on environmental pollution.

Mediating effect of technological innovation

As shown in Column (4) of Table 3, the EPT is conducive
to technological innovation, suggesting that cities with
increased tax rates have raised their R&D intensity by 13.2%
after the implementation of the EPT compared to cities with
unchanged tax rates. The results in Columns (5) and (6)
show that only the coefficient of Treat X Time in Column (5)
is significantly negative, indicating that the mediating effect
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is only significant for reducing industrial SO, emissions. In
summary, the EPT could reduce industrial SO, emissions
by stimulating enterprises to increase their R&D invest-
ments, but it could not affect industrial soot (dust) emissions
through this mechanism.

Possible explanations are as follows. First, technologi-
cal innovation has the characteristic of lagging (Long et al.
2022), which makes it unable to take effect in a short time.
Second, the environmental tax rate for SO, is 1.2-12 yuan
per 0.95 kg, while that for soot (dust) is 1.2-12 yuan per
2.18 (4) kg. A higher tax rate per kilogram for SO, may lead
to more R&D investment for SO, emission reduction.

Mediating effect of energy efficiency

The result in Column (7) of Table 3 shows that the EPT is
conducive to enhancing energy efficiency; indeed, energy
efficiency in the treatment group increased by 5.8% after
the implementation of the EPT compared to that in the con-
trol group. According to Columns (8) and (9), the increase
in energy efficiency will lead to a significant decrease in
environmental pollution, with 1% increase in energy effi-
ciency decreasing industrial SO, and soot (dust) emissions
by 0.272% and 0.412%, respectively. Moreover, the coeffi-
cients of Treat X Time are significantly negative and slightly
larger than those in Table 2, indicating that a partial mediat-
ing effect exists and H4 is verified.

The results indicate that the EPT could stimulate enter-
prises to optimize the energy consumption structure and
reduce energy waste, significantly improving the efficiency
of energy utilization. The increased energy efficiency will
lead to a significant decrease in pollution emissions. The
mediating effect of energy efficiency is verified.

Robustness test

To ensure the robustness of the aforementioned findings, we
employ four methods to perform robustness tests: test for
expectation effect, placebo test, excluding the effects of other
environmental policies and using alternative measurements
of environmental pollution.

Test for expectation effect

The EPT law was issued in 2016. Before the EPT officially
takes effect in 2018, enterprises may take action in advance
based on expectations, such as increasing environmental
investment and improving production processes, to mitigate
its effect. Those actions taken by enterprises may make the
treatment and control groups not comparable ex ante and
bias our estimates. However, Fig. 1 shows that the coeffi-
cients of Treat X Time are not significant before the imple-
mentation of the EPT, which excludes the expectation effect

@ Springer

Table 4 Robustness test: test for expectation effect

Variables LnSO, LnDust LnWater
M @) 3
Treat X Time —0.202%* —0.193* —0.047
(0.092) (0.103) (0.072)
Treat X Time ;6 —0.021 —0.054 0.020
(0.065) (0.082) (0.055)
Treat X Time,;, 0.117 0.121 0.041
(0.085) (0.088) (0.066)
LnPGDP 2.998 —-4.056 —14.803***
(3.121) (3.499) (2.570)
LnPGDP? -0.175 0.128 0.634%%*
(0.145) (0.161) (0.115)
LnFDI -0.017 —0.020 —0.030*
(0.016) (0.017) (0.015)
LnIndus —0.483%** —0.574%** —0.403%**
(0.143) (0.162) (0.154)
LnPopden —0.652 —0.649 0.252
(0.613) (0.618) (0.627)
Constant —12.491 28.091 77.429%**
(17.416) (19.902) (16.156)
Year FE Yes Yes Yes
City FE Yes Yes Yes
Observations 1145 1145 1145
R-squared 0.789 0.636 0.582

Figures in parentheses are robust standard errors; ***, ** and * rep-
resent 1%, 5%, and 10% significant levels, respectively

to some extent. Nevertheless, to ensure the robustness of the
results, we refer to Lu and Yu (2015) and Yao et al. (2023)
to further test whether the expectation effect exists. Spe-
cifically, control Treat X Time,;s and Treat X Time,,;, on the
basis of Eq. (1), where Time,,,s and Time,,;, are dummy
variables for 2016 and 2017, respectively.

The results are shown in Table 4. The coefficients of
Treat X Time,;s and Treat X Time,,;, are found to be statis-
tically insignificant, indicating that there is no expectation
effect. Moreover, the coefficients of Treat X Time are still
negative and statistically significant in Columns (1) and (2),
indicating that environmental pollution reduction is indeed
brought by the implementation of the EPT.

Placebo test

To exclude the influence of other unobservable and omitted
factors, we conduct a placebo test by assigning the treatment
group and the control group artificially (Cai et al. 2016).
With such an artificial shock, since the cities in the placebo
treatment group did not raise their environmental tax rates
in reality, environmental pollution in these cities should
theoretically not be reduced significantly. In other words,
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Fig.2 Robustness test: placebo test. a Estimates of LnSO,. b Estimates of LnDust. Notes: The vertical dashed line represents the true coefficient
of the DID model, while the horizontal dashed line represents a p-value equal to 0.1

the coefficient of Treat X Time should be insignificant and
close to zero.

Specifically, 91 cities were randomly selected from
229 cities as the placebo treatment group, which were
assumed to increase their environmental tax rates in
2018, and the other cities were selected as the placebo
control group. Subsequently, use Eq. (1) to regress.
Repeat the above random sampling and regression 500
times, and we can obtain 500 placebo regression coef-
ficients and their p-values. According to Fig. 2, we can
find that the coefficients are clustered around 0 and most
of p-values exceed 0.1, indicating that the above regres-
sion results are scarcely obtained by coincidence. Hence,
there is no placebo effect, which further confirms the
robustness of the results.

Excluding the effects of other environmental policies

When assessing the effect of the EPT on environmen-
tal pollution, it will unavoidably be influenced by other
environmental policies. To ensure the robustness of the
results, we need to exclude the effects of the environ-
mental policies implemented during the sample period.
First of all, the government launched the Three-year
Action Plan for Winning the Blue Sky Defense Bat-
tle (BSDB) in July 2018. The BSDB policy aimed at
reducing air pollution and cities such as Beijing, Tianjin,
and Tangshan were selected as key governance area. To
exclude its impact, we refer to Liu and Wang (2023) and
add the dummy variable, BSDB,,, to Eq. (1). Specifically,
the BSDB,, is equal to 1 when city i is the key govern-
ance area and the time 7 is after 2018; otherwise, the
BSDB;, is 0. Secondly, we attempt to exclude the impact

of the low-carbon city pilot (LCCP) policy and the car-
bon emission trading (CET) policy, which have been
implemented since 2010 and 2011, respectively. Refer-
ring to Liu and Xiao (2022), we drop low-carbon pilot
cities and CET pilot cities from the sample, respectively.
Then, use Eq. (1) to regress.

Table 5 exhibits the regression results. The coefficients
of Treat X Time in Columns (1), (2), (4), (5), (7), and (8)
are still negative and significant, but those in Columns
(3), (6), and (9) are negative and not significant. The
results suggest that the EPT could reduce industrial SO,
and soot (dust) emissions but exerts no significant influ-
ence on industrial wastewater emissions, which is consist-
ent with the benchmark regression results and verifies the
robustness of the results.

Alternative measurement of environmental pollution

In addition to the emissions of specific pollutants per unit
GDP we used in this paper, the total emissions of specific
pollutants (Cheng et al. 2019) and the emissions of specific
pollutants per capita (Ayamba et al. 2019) are also measure-
ments of environmental pollution. To verify the robustness
of the benchmark regression results, we introduce these two
alternative indicators as proxies for environmental pollu-
tion. The total emissions of specific pollutants are denoted
as LnTSO,, LnTDust, and LnTWater, and the emissions of
specific pollutants per capita are denoted as LnPSO,, LnP-
Dust, and LnPWater.

The regression results in Table 6 show that the EPT could
significantly reduce the emissions of industrial SO, and soot
(dust) but has no significant impact on industrial wastewater
emissions. Therefore, the results are robust even when alter-
ing the measurement of environmental pollution.
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Table 5 Robustness test: excluding the effects of other environmental policies

Variables BSDB policy LCCP policy CET policy
LnSO, LnDust LnWater LnSO, LnDust LnWater LnSO, LnDust LnWater
ey 2) 3 C)) 5 (6) N ®) )
Treatx Time — —0.162%** —0.152**  —0.023 —0.294%**  —(0.204**  —0.031 —0.197***  —0.145*** —0.011
(0.062) (0.066) (0.050) (0.076) (0.085) (0.065) (0.064) (0.055) (0.054)
BSDB —0.112% —0.265%**  —0.054
(0.062) (0.074) (0.050)
LnPGDP 2.390 —5.348 —15.077***% —1.415 —5.041 —18.535%** (0.982 -3.616 —15.845%*
(3.122) (3.384) (2.561) (4.101) (4.532) (3.382) (3.250) (2.533) (2.793)
LnPGDP? —0.149 0.186 0.646%** 0.046 0.193 0.823%#%* -0.076 0.116 0.681%#%*
(0.145) (0.155) (0.114) (0.187) (0.206) (0.151) (0.150) 0.117) (0.125)
LnFDI -0.015 -0.015 —0.029%* -0.011 -0.027 —0.075%**  —0.021 -0.027 —0.026
(0.016) (0.017) (0.015) (0.024) (0.028) (0.021) (0.017) (0.019) (0.017)
LnIndus —0.489%**  —(.545%**%  —(.399%%* —0.628%**  —(.820%**%  —(0.426%* —0.548%*%  —(.579%**  —(.44]%**
(0.145) (0.160) (0.155) (0.183) (0.194) (0.169) (0.155) (0.168) 0.167)
LnPopden —0.707 —-0.753 0.220 —0.604 —1.744**  0.685 -0.329 —0.939%* 0.408
0.611) (0.602) (0.626) (0.497) (0.824) 0.811) (0.518) (0.533) (0.710)
Constant —8.646 35.783* 79.194%*% 9.719 38.495 93.24 1 %% —3.851 26.596* 82.394 %%
(17.441) (19.266) (16.080) (23.091) (26.299) (20.420) (17.864) (14.192) (17.052)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
Observations 1145 1145 1145 585 585 585 940 940 940
R-squared 0.788 0.641 0.583 0.782 0.677 0.586 0.780 0.640 0.579
Figures in parentheses are robust standard errors; ***, ** and * represent 1%, 5%, and 10% significant levels, respectively
Table6 Robustness test: Variables LaTSO,  LuTDust  LnTWater LnPSO, LnPDust  LnPWater
alternative measurement of
environmental pollution O @ G S ®) (©)
Treat X Time —0.163%* —0.141%* —0.026 —0.172%%* —0.030%** —0.006
(0.063) (0.069) (0.048) (0.061) (0.009) (0.009)
LnPGDP 6.781%%* —-1.734 —12.063***  6.618%* 0.073 — 1.385%**
(3.088) (3.418) (2.410) (3.008) (0.505) (0.487)
LnPGDP? —0.307**  0.059 0.540%** —0.275%%* 0.021 0.084%**
(0.141) (0.156) (0.110) (0.138) (0.026) (0.022)
LnFDI —0.008 —-0.012 —0.018 -0.012 —0.005°%* —0.006%**
(0.016) (0.016) (0.014) (0.016) (0.003) (0.003)
LnIndus —0.103 —0.183 —0.007 —0.141 —0.068%** —0.035
(0.148) (0.165) (0.153) (0.145) (0.023) (0.027)
LnPopden —-0.372 —0.207 1.162%* —0.703 —0.384%%* —0.205
(0.513) (0.545) (0.483) (0.500) (0.157) (0.191)
Year FE Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Observations 1145 1145 1145 1145 1145 1145
R-squared 0.737 0.534 0.432 0.747 0.579 0.418
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Figures in parentheses are robust standard errors; ***, ** and * represent 1%, 5%, and 10% significant
levels, respectively
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Table 7 Heterogeneity in city

size Variables LnSO, LnDust LnWater
Large cities ~ Small cities ~ Large cities ~ Small cities  Large cities Small cities
ey (@) 3 (C)) (&) ©)
Treat x Time —0.036 —0.347#**  —0.081 —0.309***  0.015 —0.070
(0.069) (0.126) (0.079) (0.091) (0.050) (0.081)
LnPGDP 5.843 —-4.316 —5.660 -2.359 —13.780%**  —16.406%**
(3.629) (6.419) (4.506) (4.617) (2.466) (4.127)
LnPGDP? —0.326% 0.169 0.205 0.048 0.577#%* 0.708%**
(0.172) (0.292) (0.210) (0.211) (0.117) (0.189)
LnFDI —0.053** 0.009 -0.024 —-0.015 -0.029 —0.031
(0.025) (0.020) (0.027) (0.023) (0.018) (0.021)
LnIndus -0.256 —0.672%**  —0.611%* —0.647%**  —0.397%* —0.380%*
(0.243) (0.192) (0.254) (0.215) (0.173) (0.193)
LnPopden —0.886 0.095 —0.306 —-0.763 0.858 -0.816
(0.858) (0.993) (0.740) (0.800) (0.850) (0.715)
Constant —24.810 22.821 34.536 19.903 69.259%#* 91.742%%%*
(20.747) (35.754) (25.645) (25.893) (15.752) (23.142)
Year FE Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Observations 665 480 665 480 665 480
R-squared 0.821 0.749 0.654 0.613 0.644 0.538

Figures in parentheses are robust standard errors; *** *¥ and * represent 1%, 5%, and 10% significant

levels, respectively

Heterogeneity analysis
Heterogeneity in city size

Cities of different sizes vary greatly in terms of population
size, economic conditions, and technological innovation
capabilities. Large cities tend to have good economic con-
ditions and massive innovative companies, which make
them the leaders in the field of technology (Yang et al.
2021). These endowment conditions may affect pollution
reduction. Therefore, the effect of the EPT on environ-
mental pollution may vary in cities of different sizes. In
view of this, we divide the sample into large cities and
small cities. Specifically, a city whose residents exceeds
one million is a large city; if not, it is a small city (Chen
et al. 2022).

Table 7 exhibits the regression results. The coefficients
of Treat X Time in Columns (2) and (4) are both significantly
negative, while those in Columns (1) and (3) are negative but
not significant, indicating that the EPT has promoted small
cities to reduce air pollution emissions but has no significant
effect on large cities’ air pollution emissions. A possible
explanation is that large cities have achieved higher stand-
ards of pollution reduction. Owing to the good economic
conditions and the agglomeration of enterprises, large cities
have more advanced technology in reducing pollution emis-
sions. The cost pressure brought by the EPT is not sufficient

enough to stimulate enterprises in large cities to reduce pol-
lution emissions. As for industrial wastewater emissions,
the coefficients of the Treat X Time in Columns (5) and (6)
are insignificant, indicating that the EPT could not reduce
industrial wastewater emissions in either large cities or small
cities, which is consistent with the results of the benchmark
regression.

Heterogeneity in city location

Cities in different regions have huge differences in natural
conditions and industrial structure. Northern China relays
on the coal-based heating system in winter, which will con-
sume a large amount of coal and cause severe air pollution
(Almond et al. 2009). In addition, the industrial system in
northern China characterizes a heavy chemical industry with
high pollution emissions (Huang et al. 2021). Therefore,
the role of the EPT in environmental pollution in different
regions may be different. This study divides the sample into
two sub-samples for testing: northern China and southern
China. The division is according to the geographical bound-
ary of Qinling Mountain and Huaihe River. Table 8 exhibits
the regression results.

It is found that the coefficients of the Treat X Time in Col-
umns (1) and (3) are significantly negative, but those in Col-
umns (2) and (4) are not significant, indicating that the EPT
is effective in reducing industrial SO, and industrial soot
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Table 8 Heterogeneity in city location

Variables LnSO, LnDust LnWater
Northern China Southern China Northern China Southern China Northern China Southern China
H 2 ©) G} &) (6)
Treat X Time —0.225%* —0.083 —0.309%** 0.030 —0.109 0.052
(0.104) (0.085) (0.101) (0.066) (0.076) (0.050)
LnPGDP —3.058 6.425% —9.922%* —1.786 —16.860%**%* —13.610%**
(5.389) (3.683) (5.933) 2.777) (4.416) (2.108)
LnPGDP? 0.055 —0.319% 0.348 0.018 0.716%%* 0.582%**
(0.245) 0.171) 0.272) (0.129) (0.200) (0.098)
LnFDI -0.017 0.002 -0.029 0.012 —0.030 —0.019
(0.025) (0.021) (0.027) (0.026) (0.019) (0.019)
Lnilndus —0.467** —-0.330 —0.731%*%* -0.217 —0.387 —0.318%%*
(0.220) (0.216) (0.259) (0.209) (0.281) (0.158)
LnPopden —1.969%* 0.283 —2.334%%% 0.187 —-0.124 0.672
(0.891) (1.034) (0.788) (0.678) 0.917) (0.515)
Constant 33.489 —38.926* 76.083%* 9.868 92.188%** 67.669%**
(31.493) (21.518) (33.956) (16.438) (27.296) (12.482)
Year FE Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes
Observations 475 670 475 670 475 670
R-squared 0.780 0.802 0.699 0.614 0.537 0.620

Figures in parentheses are robust standard errors; ***, ** and * represent 1%, 5%, and 10% significant levels, respectively

(dust) emissions in northern China and has weak impact on
industrial SO, and industrial soot (dust) emissions in south-
ern China. Meanwhile, the insignificant coefficients of the
Treat X Time in Columns (5) and (6) indicate that the EPT
has no impact on industrial wastewater emissions in either
northern or southern China, which is consistent with the
results of the baseline regression. Industrial structure may
be the main reason for the difference in the effect of the EPT
on air pollutant emissions in northern China and southern
China. Secondary industry with high pollution emission
intensity in northern China takes a relatively high share
compared to that in southern China (Zhang et al. 2021). The
implementation of the EPT will put higher cost pressure
on enterprises in northern China and thus has a significant
marginal effect.

Conclusions and policy implication

Developing countries, including China, face a trade-off
between economic growth and environmental protection.
Based on the panel data of 229 prefecture-level cities in
China during 2015-2019 and the DID model, this study
empirically evaluate the effect and mechanism of the EPT,
a market-based environmental regulation, on environmen-
tal pollution. Heterogeneity analysis is also performed to
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explore whether the impact of environmental regulation on
environmental pollution varies across city types.

The main findings are as follows: (1) the EPT has a signif-
icantly negative effect on industrial SO, and industrial soot
(dust) emissions but has no significant impact on industrial
wastewater emissions. This finding still holds after a series
of robustness tests. (2) The mechanism analysis suggests that
the EPT promotes environmental pollution reduction by tax
enforcement effect and energy efficiency effect, increasing
enterprises’ actual tax burden and stimulating enterprises to
enhancing energy efficiency. However, the innovation effect
is weak, which is only effective in reducing industrial SO,
emissions. (3) The heterogeneity analysis indicates that the
EPT exerts a significantly negative effect on environmental
pollution in small cities and northern China, while the effect
is weak in large cities and southern China.

According to the aforementioned results, the policy
implications are as follow. First, the provisions of the EPT
law on taxable water pollutants needs urgent improvement.
On the one hand, water pollutants such as total nitrogen,
dimethyl amide, and dioxin should be included in the
scope of the EPT. On the other hand, the tax rate for water
pollutants should be raised. Second, strengthen support for
enterprises’ technological innovation. Technological inno-
vation is a mediating mechanism for the EPT to promote
industrial SO, reduction. The governments should pay
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more attention to motivating companies to carry out tech-
nological innovation, such as providing subsidies and spe-
cial funding support for corporate R&D activities. Third,
implement the EPT flexibly according to local conditions.
The effect of the EPT varies across cities with different
sizes and location. Currently, the impact of the EPT is
limited in large cities and southern China. Governments
in these cities could implement the EPT strictly and raise
the environmental tax rate appropriately to make the EPT
work. Fourth, implement the EPT strictly and improve it
continuously to promote it to play a greater role in pol-
lution control. The EPT is an important environmental
policy in China and our paper confirm its effectiveness in
controlling environmental pollution. We should implement
the EPT strictly and improve it continuously in the future.
For example, lower the criterion for tax relief from pollut-
ant concentration 30% below the emission standard to 10%
below the emission standard. Strengthen the collaboration
between taxation department and ecological environment
department, and promote the construction of pollution
emission data sharing platform.

There are still some limitations that may be the direc-
tions for future research. On the one hand, based on city-
level data, this study empirically evaluates the impact of
the EPT on cities’ pollution emission. However, the EPT
is levied on enterprises that directly discharge pollutants
into the environment, and the impact of the EPT on cor-
porate pollution emission is also worth studying. On the
other hand, the long-term impact of the EPT on pollution
emissions may also be the direction for future research.
Due to the availability of data, this study only evaluates
the short-term impact of the EPT. However, the long-term
impact of the EPT is also worth studying, as in the long
run firms could adjust production scale and structure, and
the investment in research and development may start to
take effect, which may lead to changes in the magnitude
and mechanism of the impact of the EPT on environmental
pollution.
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