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Abstract 
This paper reflects the actual effect of China’s environmental protection tax 
by empirically analyzing the environmental effect of the emission fee, in order 
to provide reference for China’s environmental tax reform. Based on the tra-
ditional environmental “Kuznets” model, the factor of environmental tax is 
added to verify the effect of environmental governance of environmental tax. 
The results show that: 1) the improvement of sulfur dioxide emission charge 
standard can effectively inhibit industrial sulfur dioxide emission, which veri-
fies the existence of environmental effect of pollution levy policies. 2) The 
improvement of sewage charge standard has better inhibitory effect on sulfur 
dioxide emission per unit GDP than on sulfur dioxide emission. 3) There is 
regional heterogeneity in the “emission reduction” effect of sulfur dioxide 
emission charges in the eastern, central and western regions of China. Pollu-
tants should be taxed differently according to regional differences. 4) Eco-
nomic growth and sulfur dioxide emission show an inverted “U” shape, Chi-
na is still in the stage before the inflection point of EKC. Economic growth 
still takes environmental damage as the cost, and the “emission reduction” 
effect of technological progress is not ideal, which reveals the urgency of in-
creasing technological development in the field of green environmental pro-
tection under the current situation. 
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1. Introduction 

According to the World Health Organization (WHO), 137 million deaths per 
year in 2016 were due to environmental pollution, accounting for 24% of global 
deaths, meaning that a quarter of all global deaths are linked to environmental 
risks. A clean and healthy environment can reduce the global burden of disease 
by nearly a quarter (WHO). In particular, the COVID-19 pandemic is a further 
reminder of the delicate relationship between humans and the planet. China’s 
economic development has shifted from a speed-based efficiency to a quali-
ty-based one, and our traditional “high energy consumption and high emission” 
economic development model will eventually bring about environmental prob-
lems that will not only cause huge socio-economic losses, but also endanger pub-
lic health and may aggravate social inequality (Qi & Lu, 2015). 

Theoretically environmental taxes can shift the tax burden from labor and 
capital elements to pollution emissions and natural resource use (Li & Xiong, 
2017). Since China’s environmental protection tax only started to be collected in 
2018, it is not yet possible to directly use data from China’s environmental pro-
tection tax to conduct empirical studies to verify the environmental effects of the 
environmental protection tax. Existing studies on the environmental effects of en-
vironmental protection tax mainly simulate and predict the effects of environ-
mental tax reform on economy and environment by constructing general equili-
brium analysis models and other methods (He & Li, 2009; Liu & Lv, 2009), for 
example, (Qin et al., 2015) used environmental economic general equilibrium 
analysis system to simulate the effects of environmental tax reform on macroe-
conomy, and pollution emission reduction, and found that environmental tax has 
a positive effect on pollution emission reduction. Most of the previous studies af-
firmed the environmental effects of environmental protection tax, but these simu-
lations and prediction studies could only theoretically explain the environmental 
effects of environmental tax, but could not consider the influence of complex rea-
listic factors on the effect of environmental protection tax, and could not accurate-
ly reflect the actual effect of environmental protection tax in China. Whether the 
environmental tax, as one of the important economic control tools in environ-
mental regulation, can force enterprises to reduce their emissions through price 
means needs to be studied in depth. Considering that China’s environmental 
protection tax is derived from the “tax burden shifting” of the sewage charge, 
and that the sewage charge system has been in place for more than ten years, this 
paper reflects the actual effect of the environmental protection tax in China by 
empirically analyzing the environmental effects of the sewage charge. 

In addition, most of the existing literature discusses the environmental effects 
of the sewage charging system in China by using the total amount of in-
ter-provincial sewage charges as the measurement index ignoring the endogen-
ous problems that may be caused by the “quantity-based” characteristics of the 
sewage charges in China (Cui & Liu, 2010), and therefore, it is concluded that 
the inhibition effect of sewage charge on pollution emission is not obvious. The 
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result is that the disincentive effect of sewage charges on environmental pollu-
tion is not obvious. In order to avoid the endogeneity problem between the total 
amount of sewage charges levied and the amount of pollution emissions, this 
paper takes the three times of national policies to increase the sewage charges 
(July 1, 2003 “Regulations on the Administration of Sewage Charges”; 2007 “No-
tice of the State Council on the Issuance of a Comprehensive Work Plan for 
Energy Conservation and Emission Reduction” and 2014 “Notice on the Ad-
justment of Sewage Charges Levy and Other Related Issues”) and The differenc-
es in the timing of the implementation of the policy and the differences in the 
provincial emission fee charges in each province are used as a basis to verify the 
environmental effects of environmental protection tax in China from the pers-
pective of exploring the study of the environmental effects of changes in the 
emission fee levy standards. 

2. Study Design 
2.1. Model Design 

In order to provide a preliminary understanding of the relationship between 
economic growth, emission levy standards and sulfur dioxide emissions, the 
changes in emission levy standards and sulfur dioxide emissions, and GDP per 
capita and sulfur dioxide emissions are depicted as scatter plots respectively. The 
scatter plot shows that the higher the standard of sewage charges, the lower the 
sulfur dioxide emissions (Figure 1), and the relationship between sulfur dioxide 
emissions and China’s GDP per capita is inverted “U” (Figure 2), which coin-
cides with the shape of the Environmental Kuznets Curves (EKC). Environmental  
 

 
Figure 1. Relationship between emission fee collection standards and SO2 emissions in 
China, 2004-2017. 
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Figure 2. Relationship between GDP per capita and sulfur dioxide emissions in China, 
1999-2017. 
 
Kuznets theory considers that economic development inevitably destroys the 
environment ignoring the dynamics of technology, preferences and environ-
mental investments, while over time, environmental degradation decouples from 
economic development (Panayotou, 1993). At higher levels of economic devel-
opment, structural economic changes toward information and services indus-
tries, more efficient technologies and increased demand for environmental qual-
ity lead to a trend toward a steady decline in the extent and rate of environmen-
tal degradation (Stern, 2015). 

Based on the above empirical facts, this paper adds the factor of environmen-
tal taxation to the traditional environmental “Kuznets” model to verify the effect 
of environmental taxation on environmental governance.  

The form of the EKC model traditionally used for panel data analysis includes 
factors other than economic development that affect environmental quality.  

( ) ( )2 3
0 1 2 3ln ln ln lnit it it it it itEn Ec Ec Ec Y= β +β +β +β + + γ        (1) 

In the equation above, Ent is the environmental pollution situation of a region 
at time t, which is generally expressed by pollution emission or environmental 
quality index. 0β  is a specific parameter related to the region; Ect is the eco-
nomic output of the region at time t, which is often measured by GDP or GDP 
per capita. 1β , 2β  is the parameter. 

According to the relevant theoretical and empirical analysis, the model of en-
vironmental tax’s environmental governance effect is as follows. 

2
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In which, i, t represents province and time, iα , itγ  represent unobservable 
individual effects, random error terms, respectively. enq represents environ-
mental pollution level; ent represents environmental tax intensity; gdp, ind, rd 
are control variables, which represent economic development level, industrial 
structure, and technological innovation level, respectively. gdp squared term is 
added to test whether the environmental Kuznets hypothesis holds. 

2.2. Description of Data Sources and Variables 
2.2.1. Data Sources 
In this paper, panel data of 30 provinces, cities and autonomous regions (ex-
cluding Hong Kong, Macao and Taiwan; Tibet Autonomous Region is excluded 
due to some missing data) from 2004 to 2017 are selected for empirical testing, 
spanning a period of 14 years. All raw data were obtained from the China Statis-
tical Yearbook of Industrial Economy, China Statistical Yearbook, China Statis-
tical Yearbook of Environment, China Statistical Yearbook of Science and 
Technology, the website of China Statistics Bureau (http://data.stats.gov.cn/) and 
provincial government websites. The sample is representative and the data sources 
are reliable. 

2.2.2. Variable Description 
Explanatory variables. Environmental pollution level (enq): industrial sulfur 

dioxide emissions and sulfur dioxide emissions per unit of GDP were selected as 
the explanatory variables to make an empirical test of the environmental effects 
of environmental taxes in China. The reason for choosing industrial SO2 emis-
sions as an indicator of environmental quality is that SO2 emissions are mainly 
from industrial production, and China’s environmental regulatory system has 
only just been completed, which has a limited role in regulating polluting con-
sumption behavior. The inclusion of sulfur dioxide per unit of GDP is to explore 
the impact of the levy rate on the green efficiency of production activities. 

Main explanatory variables. Environmental tax (ent): At present, there are 
different definitions of environmental tax in a broad sense and in a narrow 
sense. The environmental tax in a narrow sense is mainly based on the theory of 
environmental externality and the theory of Pigou tax, which refers to the tax le-
vied specifically on certain environmental pollution behaviors; the environmen-
tal tax in a broad sense also includes other taxes related to the environment oth-
er than those levied on specific pollution behaviors. China’s environmental tax is 
based on the policy of “sewage charge” and the principle of “tax burden shift-
ing”, so before the Environmental Protection Tax Law, the sewage charge ac-
tually played the role of environmental tax in China. Therefore, the environ-
mental effect of environmental tax is investigated by using the emission fee rate 
as the main explanatory variable. 

Control variables. Level of economic development (gdp): higher levels of 
economic activity (production and consumption) require more energy and ma-
terial inputs and produce more waste by-products. Environmental quality is in-
fluenced by economic activities, and economic development affects environ-
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mental quality mainly through scale, technological and structural effects (Gross-
man & Krueger, 1992). Therefore, this chapter uses the level of economic devel-
opment as one of the control variables and the real GDP after price deflating as a 
measure of the level of economic development. 

Industrial structure (industry): As the economic level increases, the industrial 
structure will also change. There is a strong dependency between the environ-
ment and industry in China (Si & Cao, 2021) and the impact on environmental 
quality in the process of industrial structure change is the structural effect of 
economic growth on environmental quality. In general, the greater the share of 
industrial output in the economy, the more serious the pollution caused to the 
environment (Cai & Li, 2009). Therefore, in this paper, the ratio of the output 
value of secondary industry divided by GDP is used as an indicator of industrial 
structure. 

Level of technological innovation (rd): the speed and direction of technologi-
cal change is one of the important factors affecting environmental problems 
(Jaffe, Newell, & Stavins, 2000), and the number of patents for technological 
R&D reflects the level of technological innovation, but since it is difficult to ob-
tain data on patent grants in the field of energy conservation and emission re-
duction, this paper measures the level of technological innovation by the num-
ber of granted patent applications per capita (Yu & Li, 2018; Xue & Wu, 2014). 

3. Analysis of Empirical Results 
3.1. Descriptive Statistics 

This paper studies the relationship between environmental taxes and environ-
mental pollution. Since the panel data have corresponding cross-sectional data at 
the time series level at the same time, problems such as non-linearity and 
non-smoothness are likely to exist, so this paper uses the natural logarithm me-
thod to process the data, ln denotes the previous scale of the data variables, and 
the descriptive statistics of the processed variables are shown in Table 1, and the 
data show that there are large differences between the relevant indicators in var-
ious provinces and cities across the country. 

3.2. Analysis of Regression Results 

According to existing studies, the environmental protection tax effect may have  
 

Table 1. Results of descriptive statistics of variables. 

Variables Mean Median Minimum Maximum Standard deviation Skewness Kurtosis Sample size 

lnenq 3.899 4.045 −0.755 5.299 0.975 −1.530 5.949 420 

lngdp 10.302 10.402 8.366 11.767 0.673 −0.224 2.481 420 

lnent −0.312 −0.511 −1.609 2.251 0.609 1.021 6.731 420 

lnrd 0.568 0.583 −2.358 3.748 1.315 0.138 2.343 420 

lnindu −0.789 −0.740 −1.660 −0.527 0.206 −1.954 7.100 420 
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regional heterogeneity (Ciaschini et al., 2012; Zheng, 2019). Therefore, in order 
to investigate whether there is regional heterogeneity in the environmental ef-
fects of sewage charges, after regressing 30 provinces and cities across China, 
this paper will follow the classification criteria of the National Bureau of Statis-
tics for the three major economic zones in China, and divide 30 provinces and 
cities (excluding Hong Kong, Macao and Taiwan; Tibet Autonomous Region is 
excluded due to some missing data) into After regressing the 30 provinces and 
cities (excluding Hong Kong, Macau and Taiwan; Tibet Autonomous Region is 
excluded due to some missing data), this paper will divide them into East, Cen-
tral and West regions to further investigate the heterogeneity of the environ-
mental effects of environmental taxes in the three major economic zones in 
China. 

Table 2 shows the regression results of the fixed effects model, where columns 
(1)-(4) show the regression results for the national level and the east, central and 
western regions respectively under the explanatory variable of sulfur dioxide 
emissions. It can be found that the estimated results of the variable lnent are sig-
nificantly negative, indicating that the increase in the sulfur dioxide emission fee 
levy effectively suppresses the sulfur dioxide emissions. At the national level, the 
estimated coefficient of the variable lnent is −0.192 and passes the 1% signific-
ance test, indicating that for each percentage point increase in sulfur dioxide 
emission fee, sulfur dioxide emissions will be reduced by 0.192 percentage points. 
Columns (2)-(4) show the regression results for the East, Central and West re-
gions, respectively, and it is found that the regression results of the variable lnent 
are significantly negative in the East, Central and West regions, but not in the 
West region. The increase of emission fee standard in the western region fails to  
 

Table 2. Regression results. 

Explanatory variables Sulfur Dioxide sulfur dioxide per unit of GDP 

 (1) (2) (3) (4) (5) (6) (7) (8) 

lnent 
−0.210*** 

(−4.30) 
−0.186*** 

(−2.95) 
−0.464*** 

(−5.20) 
−0.048 
(−0.51) 

−0.218*** 
(−4.94) 

−0.208*** 
(−3.35) 

−0.455*** 
(−5.01) 

−0.075 
(−0.81) 

(lngdp)2 
−0.195*** 

(−4.72) 
−0.428*** 

(−4.37) 
−0.659*** 

(−6.31) 
−0.130 
(−1.94) 

−0.243*** 
(−5.93) 

−0.488*** 
(−5.08) 

−0.669*** 
(−6.30) 

−0.162** 
(−2.49) 

lngdp 
3.855*** 

(4.71) 
8.442*** 

(4.23) 
13.437*** 

(6.28) 
2.751** 
(2.09) 

3.794*** 
(4.69) 

8.667*** 
(4.42) 

12.605*** 
(5.79) 

2.38* 
(1.87) 

lnrd 
−0.087 
(−1.22) 

0.250* 
(1.74) 

−0.198** 
(−2.31) 

−0.303** 
(−2.33) 

−0.096 
(−1.36) 

0.235* 
(1.67) 

−0.195*** 
(−2.24) 

−0.313* 
(−2.48) 

lnindustry 
1.282*** 

(6.03) 
2.464*** 

(5.09) 
0.121 
(0.51) 

1.186*** 
(2.94) 

1.308*** 
(6.23) 

2.533*** 
(5.32) 

0.144** 
(0.59) 

1.227*** 
(3.13) 

Prob > F: 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

F-test: 49.94 39.65 33.23 58.02 31.17 19.29 23.81 32.92 

R-squared: 0.5151 0.6753 0.6226 0.4176 0.8709 0.8897 0.9178 0.8809 
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significantly reduce SO2 emissions, which indicates that regional differences 
should be taken into account when setting environmental tax standards in order 
to achieve the expected “green effect”. 

4. Further Discussion 

In order to further investigate the environmental effects of environmental taxes, 
the regression results are shown in columns (5)-(8) of Table 2, with the “green 
efficiency” of production activities as the explanatory variable again for the 
whole country and the East, Central and West regions. The regression results, it 
can be found that the estimation of the variable lnent is significantly negative, 
indicating that the increase of sulfur dioxide emission fee levy standard has ef-
fectively suppressed the sulfur dioxide emission. At the national level, the esti-
mated coefficient of the variable lnent is −0.218 and passes the 1% significance 
test, indicating that for each percentage point increase in sulfur dioxide emission 
charges, sulfur dioxide emissions per unit of GDP will be reduced by 0.218 per-
centage points. Comparing the results in columns (1) and (5), it can be found 
that the effect of the increase in the emission fee standard on reducing sulfur 
dioxide per unit of GDP is better than the effect of reducing total sulfur dioxide 
emissions, which indicates that the increase in the emission fee levy standard is 
conducive to improving the green efficiency of China’s economic growth, but 
because China’s economy is still in a period of rapid growth, the emission reduc-
tion effect of the increase in the emission fee standard on total sulfur dioxide 
emissions However, since China’s economy is still in a period of rapid growth, 
the emission reduction effect of the increase in emission charges on total SO2 
emissions is partly offset by the expansion of economic production scale, result-
ing in the emission reduction effect of emission charges on total SO2 emissions is 
slightly weaker than that on SO2 emissions per unit of GDP. 

Columns (6)-(8) show the regression results for the east, central and western 
regions, respectively, and it can be found that similar results are presented when 
the explanatory variable is sulfur dioxide emissions per unit of GDP, i.e., the in-
crease in emission charges in the east and central regions significantly reduces 
sulfur dioxide emissions per unit of GDP, while this effect is not obvious in the 
western region, which once again verifies that the environmental effect of emis-
sion charges “ regional heterogeneity” of the environmental effects of emission 
charges. The analysis of the control variables shows that the squared GDP of 
each region is correlated with the level of environmental pollution at the 1% sig-
nificance level, both with sulfur dioxide emissions as the explanatory variable 
and with sulfur dioxide emissions per unit of GDP as the explanatory variable, 
and the correlation coefficient is negative, this result indicates that the relation-
ship between economic growth and the level of environmental pollution in Chi-
na is This result indicates that the relationship between economic growth and 
environmental pollution levels in China is of “inverted U” shape, and this result 
is consistent with the hypothesis of environmental Kuznets hypothesis. This re-
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sult indicates that China is still in the stage before the inflection point of the en-
vironmental Kuznets curve, and the economic growth is still at the cost of envi-
ronmental damage. The regression results for the east, central and west regions 
also confirm this conclusion. 

Industrial structure is correlated with environmental pollution level at 1% sig-
nificance level and shows a positive correlation. The same results were obtained 
for sulfur dioxide emissions per unit of GDP as the explanatory variable. The re-
gression results for the level of technological innovation and environmental 
pollution level at the national level are negative but not significant, indicating 
that the emission reduction effect brought by technological progress is not sig-
nificant at present, while in the regression results for the central and western re-
gions, technological progress and environmental pollution level are both signifi-
cantly negatively correlated, i.e., technological progress is conducive to green 
economic development and helps to reduce the pollution level in the central and 
western regions. In the regression results for the eastern region, the explanatory 
variable of technological progress is positive and significantly correlated at the 
10% significance level, which means that technological progress in China also 
completes the transformation from pollution-based to technology-based (Xie, 
2021). According to the Annual Report on Environmental Statistics 2016-2019, 
“China’s sulfur dioxide emissions decreased by 46.5% from 8.549 million tons in 
2016 to 4.573 million tons in 2019. While sulfur dioxide emissions in the eastern 
region have increased with technological progress, the impact of technological 
progress on sulfur dioxide emissions in the eastern region has increased rather 
than decreased, probably due to the diminishing marginal utility of technologi-
cal progress on the effect of sulfur dioxide emission reduction, and the current 
technological progress in the field of environmental protection is close to the 
peak in terms of sulfur dioxide emission reduction in the eastern polluting en-
terprises, so at this time the eastern polluting industries may experience an in-
crease in pollution emissions of the increase, which urgently requires the East to 
continue to accelerate the pace of technological innovation, higher technology to 
further reduce the emissions of polluting industries. 

5. Research Conclusion and Implications 

This paper analyzes the impact of the sewage charge levy standard on the emis-
sion of environmental pollution pollutants based on the three national policies 
to raise the sewage charge standard and the differences in the time of imple-
menting the policy and the provincial sewage charge standard in each province, 
so as to verify the environmental effects of environmental protection tax in Chi-
na. The results found that: 

First, the increase of the emission fee standard can effectively reduce the level 
of sulfur dioxide emissions and sulfur dioxide emissions per unit of GDP in 
China, which indicates that the increase of the emission fee standard not only 
helps to reduce the level of pollution in China, but also helps to improve the 
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“green efficiency” per unit of GDP, and the effect of the increase of the sulfur 
dioxide emission fee standard on improving the “green efficiency” per unit of 
GDP is better than the effect of reducing sulfur dioxide emissions. 

Secondly, the regressions on the east, middle and west regions of China show 
that there is “regional heterogeneity” in the effect of sulfur dioxide emission re-
duction, both in terms of sulfur dioxide emissions as the explanatory variable 
and sulfur dioxide emissions per unit of GDP as the explanatory variable, sug-
gesting that the environmental tax reform needs to be “tailored to local condi-
tions”, in other words, the tax standards for pollutant emissions should be set 
differently according to the environmental carrying capacity, industrial structure 
and economic development level. 

Third, the square of GDP is negatively correlated with the level of environ-
mental pollution. The level of economic development is positively correlated 
with the level of environmental pollution. This result indicates that the relation-
ship between economic growth and environmental pollution level in China is in 
the shape of “inverted U”, which is consistent with the hypothesis of environ-
mental Kuznets hypothesis. China is still at the stage before the inflection point 
of the environmental “Kuznets” curve, and the technological progress is not 
ideal for reducing sulfur dioxide emissions, and the growth of economic scale 
still brings a lot of pollutions, which indicates that the current technology level 
of green environmental protection is not effective in reducing pollutant emis-
sions. In order to realize the “double dividend” of environmental protection tax, 
we should increase the support for “green” technology to reduce the pollution 
emission level by technological progress. 
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