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Abstract
The deteriorating global environment has attracted wide attention in various countries. How to curb environmental pollution 
and achieve sustainable economic growth has become an urgent problem that we must face. As an effective tool for pollution 
control, environmental tax has been implemented in many developed countries and has achieved good results. As the largest 
developing country in the world, China introduced the first environmental tax law in its history in December 2016, which 
is regarded as a major reform of the green tax system. To explore the implementation effect of environmental tax in China, 
this paper takes 3867 Chinese listed enterprises (2015–2020) in Shanghai and Shenzhen A shares as the research sample 
and explores the microeconomic effect of environmental tax reform using the difference in difference (DID) method. It is 
concluded that the environmental tax reform can produce a positive impact on the corporate profit margins while curbing 
the enterprise pollution behavior. This positive effect comes from the investment improvement effect and the cost-saving 
effect, and this effect is heterogeneous between different regions and property rights enterprises. Therefore, the design of 
the tax system must be implemented with different measures. Environmental taxes have achieved positive policy results in 
China, contributing to sustainable economic growth. This tax reform has an important reference value for the developing 
countries in the industrialization stage.

Keywords  Environmental tax reform · Corporate profit margin · Difference in difference method · Investment improvement 
effect · Cost-saving effect

Introduction

Sustainable development is the common goal of mankind 
and an inevitable requirement for realizing human well-
being. However, the 2021 UN report states that the growing 

global population and unsustainable production patterns are 
having a devastating impact on the human living environ-
ment. Global per capita resource consumption increased 
by 40% between 2000 and 2017. The per capita consump-
tion of natural resources has increased substantially in all 
countries except Europe, North America, and Australia and 
New Zealand. High consumption is usually accompanied 
by high emissions and high pollution. If no measures are 
taken, the rapid growth of natural resource consumption will 
have a negative impact on the global ecological environ-
ment. It is worth noting that the characteristics of natural 
resource consumption in developed countries and develop-
ing countries are different at the current stage. Developed 
countries account for a large proportion of global resource 
consumption, but the consumption rate has slowed down. 
Due to the development demand of industrialization, devel-
oping countries always consume at a faster speed, as they 
are in the stage of industrialization, and need to undertake 
the more resource-consuming part in the production chain 
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of developed countries. Therefore, at the current stage, how 
to reduce resource consumption, curb environmental dam-
age, and achieve sustainable and green economic growth 
has become a key issue for the whole world. To cope with 
environment-related problems caused by human activities, 
countries have taken a number of measures, such as taxes, 
green subsidies, administrative charges, emission permits, 
and emission trading (Tan et al. 2022). Compared with other 
tools, tax has become an effective tool for governing envi-
ronmental problems because of its unique characteristics of 
compulsion and rule of law. This idea of internalization of 
environmental externalities can be traced back to the envi-
ronmental tax theory proposed by Pigou (1920). In addition, 
the Organization for Economic Cooperation and Develop-
ment (OECD) also proposed in 1972 that the polluter pay-
ment principle is an effective means to solve environmental 
problems, which also provides a theoretical and practical 
basis for developing countries to levy environmental taxes 
at the current stage.

As the largest developing country in the world, China 
has achieved considerable economic growth with high pol-
lution, high emissions, and high energy consumption after 
the reform and opening up. However, this development 
mode has brought serious environmental problems and 
cannot adapt to the concept of green development practiced 
in China. Therefore, China has introduced a series of envi-
ronmental governance policies for green and sustainable 
economic growth by exploring more effective environmen-
tal governance methods. Among the many environmental 
policies, the most concerned is the Environmental Protec-
tion Tax Law of the People’s Republic of China issued on 
December 15, 2016. This is the first environmental tax law 
in China’s history. It is the first time to raise pollution con-
trol to a strict legal level, which is of historic significance 
for China’s sustainable economic growth. Because China’s 
environmental tax has experienced a long reform process, 
China has established the administrative charge system for 
environmental pollution discharge as early as in 1979. How-
ever, this administrative charge system has the obvious dis-
advantages of the rigidity of law enforcement and lacks the 
ability to restrain the pollution behavior of enterprises. It is 
unable to drive sustainable economic growth at this stage. 
Therefore, China’s environmental tax is essentially a major 
reform of the traditional sewage fee system, aiming to use a 
stricter legal system to replace the administrative fee system, 
restrain the pollution behavior of enterprises, protect the 
ecological environment, and achieve sustainable economic 
growth. However, the implementation of any environmen-
tal governance policy is a challenging task at the expense 
of economic growth (Yamazaki 2022), especially for many 
developing countries with a heavy industrial structure that 
are in the stage of rapid industrialization. It has been 6 years 
since China’s environmental tax was introduced. Studies 

have shown that this tax reform does bring significant envi-
ronmental benefits (Han and Li 2020), reducing the level of 
environmental pollution to a large extent. While reducing 
environmental pollution, can the environmental tax reform 
produce positive economic effects and promote the realiza-
tion of sustainable economic growth? If so, then China’s 
environmental tax reform will be of important reference 
value for many developing countries living in rapid indus-
trialization to achieve sustainable economic growth.

Literature review and research hypothesis

With the theory of sustainable development being widely 
recognized by the international community, environmental 
protection has been valued by governments of all countries. 
As an important tool and means for the governments to 
adjust social economic life, tax revenue plays an important 
role in environmental protection. It is generally believed 
that the idea of environmental tax originated from the 
book of Welfare Economics by Pigou (1920). In his opin-
ion, the inconsistency between private cost and social cost 
would lead to market failure, while the government could 
effectively correct the private cost of economic parties and 
restrain private behavior through taxation. This idea has 
been widely applied in environmental governance. Collect-
ing the environmental tax has become an effective measure 
to correct the market failure. After a long period of develop-
ment, environmental tax has evolved into a mature legal sys-
tem in the world. In the context of the global environmental 
crisis, environmental tax, as a powerful tool to restrain cor-
porate pollution behavior (Xiao et al. 2022; Wolde-Rufael 
and Mulat-Weldemeskel 2022; Xue et al. 2022), plays an 
important role in protecting the environment and promot-
ing sustainable development. In particular, it can be viewed 
from two aspects: On the one hand, environmental taxes 
curb pollution and protect the ecological environment (Piciu 
and Trică 2012; Esen et al. 2021), which has produced good 
environmental benefits. Studies have found that environ-
mental tax reforms can reduce greenhouse gas emissions by 
reducing primary energy consumption (Niu et al. 2018; Xie 
and Jamaani 2022; Li et al. 2022a, b). Compared with the 
emission administrative charge system, the environmental 
tax system can also have a more positive impact on the emis-
sion reduction of air pollutants (Li et al. 2021; Chien et al. 
2021). This effect also shows some geographical character-
istics (Han and Li 2020); on the other hand, environmental 
taxes have had a not-negligible impact on economic devel-
opment. At the macroeconomic level, existing studies have 
found that the collection of environmental taxes may have a 
negative impact on economic growth in the short term but 
may have a positive impact in the long term (Oueslati 2014; 
Abdullah and Morley 2014; Hassan et al. 2020; Zhang et al. 
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2022). At the micro level, few studies focus on the family 
level (Ekins et al. 2011; Rausch and Schwarz 2016) and the 
individual level (Kallbekken and Sælen 2011; Cherry et al. 
2014; Ercolano and Gaeta 2014). Most studies focus more 
on the enterprise level. Since environmental tax is mainly 
levied on enterprises with pollution behaviors, most studies 
focus on enterprises in heavy pollution industries. A series 
of micro empirical studies have confirmed that any strict 
environmental regulation policy, whether environmental tax 
or environmental administrative charge system, will increase 
the financial costs of enterprises in heavily polluting indus-
tries (Blackman et al. 2010; Filbeck and Gorman 2004; Gray 
and Shadbegian 2003) and have a negative impact on the 
performance of enterprises in heavily polluting industries. 
Many studies have reconfirmed the Porter hypothesis, that 
is, reasonable environmental regulations (especially market-
based environmental taxes, pollution emission licensing 
and trading mechanisms, and other means) can stimulate 
innovation and improve product quality, partially or even 
completely offset the costs caused by complying with envi-
ronmental regulations, making manufacturers more competi-
tive in the international market, which may also improve 
enterprise performance (Porter and Linde 1995; Ramanathan 
et al. 2017; Albrizio et al. 2017; Wang et al. 2019). From 
the practical experience, the environmental tax system has 
achieved a positive microeconomic effect in many developed 
countries (Yamazaki 2022; Doğan et al. 2022). However, 
there are relatively few studies on the reform and effective-
ness of environmental tax system in developing countries. 
As the largest developing country in the world, China’s envi-
ronmental tax reform is not only of great significance to its 
own country but also has an important reference value for 
the green tax system design of other developing countries in 
the world. Studies have found that China’s environmental tax 
reform can promote R&D and innovation of enterprises in 
heavily polluting industries by raising financing constraints 
(Liu et al. 2022a, b). China’s environmental tax is a tax sys-
tem design that combines constraints and incentives. It not 
only puts forward strict constraints on pollution behaviors 
but also provides tax relief and financial subsidies to enter-
prises in heavy pollution industries that are actively carrying 
out green transformation, saving costs for enterprises. This 
tax system design caters to the idea of Porter’s hypothesis. 
Accordingly, the first hypothesis is proposed:

H1: China’s environmental tax reform will have a posi-
tive impact on the performance of enterprises in heavily 
polluting industries.
In the existing studies, there are different choices for 
measuring enterprise performance according to dif-
ferent research purposes. As an important indicator 
of enterprise finance, profit margin includes the cost 

determined by productivity and the price determined 
by market forces. It is a comprehensive reflection of the 
performance of enterprises participating in market com-
petition. It is a widely accepted key indicator to measure 
enterprise performance. The higher the profit margin, 
the better the performance of enterprises (Nguyen et al. 
2020). Existing research holds that the corporate profit 
margin will be affected by both external factors and 
internal factors. From the external factors, the national 
laws and regulations will often have a key impact on the 
level of corporate profit margin (Cherchye and Verriest 
2016). From the perspective of institutional theory and 
resource-based view, the environmental tax system in 
this research, as a strict legal system, will cause exter-
nal legitimacy pressure on its tax object (enterprises 
in heavily polluting industries). This legitimacy pres-
sure often forces the enterprises in the heavy pollution 
industry to adjust investment orientation (Liu et  al. 
2022a, b), inject the money into the green technology 
innovation and green product innovation or application, 
reduce the environmental negative externalities to meet 
the requirement of legitimacy, and balance the profit-
ability of enterprises and environmental responsibility 
(Li et al. 2017) for a sustainable development. We define 
the phenomenon of improving investment orientation 
and application to meet the pressure of legality for green 
innovation and application as the investment improve-
ment effect. From the perspective of internal factors, the 
profit margin level of the enterprise will be constrained 
by the management cost to different degrees. According 
to the changes in the economic situation, managers will 
timely adjust and optimize the internal cost distribu-
tion, which will be of great significance to maintain the 
profitability of enterprises (Maryska and Doucek 2015). 
Therefore, facing the pressure impact of environmental 
tax burden, the polluting enterprises should optimize the 
internal management mode and reduce the management 
cost to hedge the cost increase brought by the tax burden 
and maintain the existing profit margin level. In addi-
tion to the management cost, the reduction of produc-
tion cost caused by the increase of internal productivity 
cannot be ignored. There is a virtuous cycle between 
higher productivity gains and higher profit margins (Yu 
et al. 2017). Generally speaking, the impact of enter-
prise internal factors on the level of profit margin mainly 
comes from the reduction of various costs. We define 
this phenomenon as a cost-saving effect. Accordingly, 
this paper proposed the second research hypothesis:
H2: The positive impact of environmental tax reform 
on the corporate profit margin of the heavy pollution 
industry mainly comes from the investment improve-
ment effect and the cost-saving effect.
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According to the above content, this paper will examine 
whether the research hypothesis is true through empirical 
strategies.

Research design

Data declaration

The sample period studied in this paper ranges from 2015 to 
2020. The research sample is China’s A-share listed indus-
trial enterprises in Shanghai and Shenzhen, with a total 
of 3,867 listed enterprises and a total of 18,972 observed 
values. According to the needs of the empirical research in 
this paper, all the samples are divided into two groups—the 
enterprises in the heavy pollution industry and the enter-
prises in the non-heavy pollution industry. The enterprises 
in the heavy pollution industry are included as the main 
objects of this paper, namely, the experimental group; the 
enterprises in the non-heavy pollution industry are included 
as the control group. Enterprises in heavy pollution indus-
tries are selected as the experimental group because these 
enterprises are the main subject of environmental tax in 
China, and enterprises in non-heavy pollution industries 
without pollution behavior are not taxed. Therefore, enter-
prises in heavy pollution industries are the research objects 
that can most directly reflect the microeconomic effect of 
environmental tax reform. Accordingly, the industries of the 
sample enterprises are classified in the following steps: (1) 
Determine the heavy pollution industries. Referring to the 
Catalogue of Environmental Protection Verification Industry 
Classification Management of Listed Companies issued by 
Ministry of Ecology and Environment, PRC in 2008 and the 
practices of Liu and Liu (2015) and Liu (2016), coal min-
ing and washing, oil and gas mining, ferrous metal mining, 
non-ferrous metal mining, textile, leather, fur, feather and 
products and footwear, paper and paper products, petroleum 
processing, coking and nuclear fuel processing, chemical 
materials and chemical products manufacturing, chemical 
fiber manufacturing, rubber and plastic products, non-metal 
mineral products, ferrous metal smelting and mandering, 
ferrous metal smelting and mandering, and power and heat 
production and supply are the heavy pollution industries. (2) 
To ensure the stability and effectiveness of the sample, the 
following enterprise data are excluded: ST and ST* enter-
prises (enterprises that suffer consecutive losses are known 
as ST and ST* enterprises), delisting enterprises, and listed 
companies that issue both A shares and B shares. (3) The 
financial data of the sample enterprises selected in this paper 
are all from the GTA database. To alleviate the effect of the 
outliers on the empirical results, the continuous variables 
were curtailed by 1%.

Variable measurement

Explained variables: corporate profit margin

Corporate profit margin has a variety of forms, including 
sales profit rate, cost profit rate, output value profit rate, 
and capital profit rate. They all reflect the transformation 
of surplus value. Based on the research purpose and data 
availability, the total asset net profit margin (ROAit) is used 
as the explained variable. It is the ratio of the total net profit 
to the total amount of enterprise assets. It is an index that 
reflects the comprehensive utilization effect of enterprise 
assets and also an important index to measure the profits 
made by enterprises using the total creditors and owners’ 
equity.

Core independent variable: dummy variables 
of environmental tax policy

The independent variables include the group and time 
dummy variables and the interaction terms of the two. When 
estimating the impact of environmental fee-to-tax reform, 
set the dummy variable treatedit for whether it belongs to 
heavy pollution industry, and assign the value to each indus-
try respectively. If a certain industry belongs to heavy pol-
lution industry, treatedit = 1; otherwise, treatedit = 0. When 
estimating the temporal impact of the environment on corpo-
rate profit margins, set the dummy variable of time effect as 
T (T = 0–1 dummy variable). t = 1 indicates the year after the 
promulgation of the Environmental Protection Tax Law for 
an industry, and t = 0 indicates the year before the promulga-
tion of the Environmental Protection Tax Law. The interac-
tion term treatit*tit is the core independent variable.

Control variables

As the corporate profit margin is affected by many factors, 
the paper introduces a series of control variables referring 
to the existing research of the corporate profit margin deter-
minants to improve the accuracy of the regression results.

The enterprise-level factors include the following: enter-
prise size (size): total assets of the enterprise with a natural 
logarithm; asset-liability ratio (lev) reflects the solvency of 
the enterprise, indicated by the proportion of the enterprise 
liabilities to the total assets of the enterprise; average wages 
(wage) reflects the wage level of employees, indicated by the 
natural logarithm of the average wage of employees; enter-
prise age (life) reflects the survival life of the enterprise, 
indicated by the logarithm of the survival life; bank credit 
(loan): the 0–1 dummy variable is used to indicate whether 
the interest expenditure occurs; and liquidity ratio (liquid) 
reflects the financial security situation of enterprises and the 
ability to resist risks, indicated by the ratio of the difference 
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between total liquid assets and liquid liabilities and the total 
assets of the enterprise. Herfindahl–Hirschman Index (hhi) 
is used to control the impact of the overall competition 
degree of the urban industry on enterprises. Table 1 shows 
the descriptive statistics of each variable: the mean is mainly 
meant to reflect the general level of the data; the standard 
deviation reflects the dispersion of the data; the maximum 
and minimum values present the maxima and minimum val-
ues of the data, reflecting the range of the data.

Model setting

The difference in difference method was first introduced 
into economics by Ashenfelter (1978) and has since been 
widely used in empirical studies. This method was chosen 
for two reasons: First, this method has its own advantages. 
Compared with the traditional measurement method, the 
difference in difference method has obvious advantages in 
policy evaluation. It is studied using exogenous events as 
an explanatory variable. Its sample grouping and treatment 
variables are all independent of individual heterogeneity. 
At the same time, it controls the influence of the unobserv-
able factors changing with time and avoids the endogenous 
problems of the explanatory variables to a great extent. 
Therefore, this method can get an unbiased estimation of the 
policy effect as an accurate policy evaluation method. Sec-
ond, this method perfectly fits the problem to be studied in 
this paper. The idea of DID method is to find the appropriate 
control group, that is, the object that has not implemented 
the policy. As a counterfactual reference frame for the treat-
ment group, the change of the control group not affected by 
the policy can be regarded as a pure time effect. Combining 
the difference between groups and the time difference, that 
is, subtracting the changes in the control group from the 
changes in the treatment group, we can get a more reliable 
estimation method for the policy treatment effect. After the 
introduction of the Environmental Protection Tax Law of 
the People’s Republic of China, the environmental tax law 
system has fully replaced the pollution discharge adminis-
trative charge system, putting forward stricter standards and 

requirements for the enterprise pollution behavior, and the 
pollution behavior will pay a higher cost price. Specifically, 
after the environmental tax reform, the change of the cor-
porate profit margin of enterprises in heavy pollution indus-
tries mainly comes from two aspects: For one thing, there 
is the time effect. Even without the introduction of environ-
mental tax policy, the corporate profit margin may change 
with time and there is a time difference before and after the 
reform; for another thing, it is the grouping effect. There 
is heterogeneity in the non-heavy pollution enterprises in 
the control group and the heavy pollution enterprises in the 
experimental group. The difference in difference method can 
effectively identify the policy treatment effect, namely, the 
policy net effect, and can effectively control the endogenous 
correlation between the environmental tax policy impact and 
the change of the corporate profit margin level.

The difference in difference method is a very important 
way to assess the effectiveness of a policy. If the implemen-
tation of the policy works only on one part of the economy 
and has no impact on another part, it can be regarded as 
an approximate scientific experiment to evaluate the impact 
of the policy on different parts of the economies. The dif-
ference in the final evaluation result is the implementation 
effect of the policy. Based on this, this paper intends to use 
the difference in difference method to examine the relation-
ship between environmental tax policy and corporate profit 
margin (the research framework is shown in Fig. 1).

Based on the theoretical model and existing studies, the 
benchmark regression model is as follows:

In the regression formula, didjt is the intersection term 
of the group dummy variable and the time dummy variable, 
indicating whether the heavy pollution industry is impacted 
by the environmental tax policy in the year t, whether the 
industry using the grouping dummy variable is a heavy pol-
lution industry (assign a value of 1), and whether the time 
dummy variable is used after the policy is issued (that is, the 
assigned value in 2017–2020 is 1 and in 2015–2016 is 0). 

(1)ROAit = �
0
+ �

1
× didit + �Zit + �t + �i + �it

Table 1   Descriptive statistics of 
variables

Sign Variables Mean Standard deviation Min Max

ROA Corporate profit margin 0.0414 0.0839  − 1.5792 0.8795
DID Interaction item 0.1527 0.3597 0.0000 1.0000
size Enterprise size 22.2606 1.3305 15.9792 28.6365
lev Solvency 0.4164 0.2340 0.0084 10.4953
wage Average wages 17.3186 1.5794 4.7825 23.3999
life Enterprise age 3.1048 0.2524 1.7918 4.1589
loan Bank credit 0.0059 0.0766 0 1
liquid Liquidity ratio 2.5609 2.9808 0.0642 80.6637
hhi Industry competition 0.0077 0.2003 0.3054 0.2060
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Subscripts i and t refer to the industry and year respectively, 
ωt refers to the unobserved factors related to the year, μi 
refers to the unobserved individual factors that do not change 
over time, Zijt is the introduced control variable, and ROAit 
refers to the enterprise’s total asset net profit rate, i.e., the 
explained variable selected in this paper.

Empirical analysis

Benchmark regression

To examine the impact of environmental tax reform on cor-
porate profit margin, this paper used the test model formula 
(1) for regression analysis, and the specific results of the 
underlying regression are shown in Table 2. All regres-
sions were performed at the enterprise level across different 
industries, allowing for possible sequence correlations. In 
column (1), only DID interaction term did of the environ-
mental tax reform was added, controlling the fixed effect 
of the year and the enterprise fixed effect. The regression 
result is the estimated result without control variables, which 

is the direct effect of the environmental tax reform on the 
corporate profit margin of enterprises in the heavy pollu-
tion industries. The regression coefficient of the interaction 
term was positive and significant at the 1% level, indicating 
that the environmental tax reform has significantly improved 
the corporate profit margin level. In column (2) and column 
(3), the influencing factors of enterprise level (enterprise 
size, solvency, wage, average wage, enterprise age, liquidity 
ratio) and industry level (industry competition degree) were 
further controlled separately, and the interaction item coef-
ficient was significantly positive in order. Column (4) added 
all the control variables, which was the most robust result. 
The coefficient of the interaction term “did” was still sig-
nificantly positive at the 1% level, and the empirical results 
were further validated.

In all the four columns of the benchmark regression in 
Table 2, the coefficient of the DID interaction terms was 
significantly positive, and the coefficient ranged between 
0.0211 and 0.0267, showing that the introduction of envi-
ronmental tax reform can significantly improve the full 
profit margin of enterprises. This effect did not change sig-
nificantly with the continuous addition of the covariates and 
showed some robustness. It shows that the environmental 
tax has a positive impact on the performance represented by 
the corporate profit margin, as demonstrated by hypothesis 
1 (H1).

Robustness test

Parallel trend test

The important premise of DII analysis is that the parallel trend 
assumption must be satisfied between the treatment and con-
trol groups. If the policy shock does not exist, there should 
be no systematic difference in the temporal trend between the 
control and experimental groups and should be consistent. 
Therefore, parallel trends will be tested in this section.

To avoid the subjectivity of intuitive judgment, this paper 
draws on the idea of Event Study Approach and further veri-
fies the dynamic effect of parallel trend and environmental 
tax reform on corporate profit margins. First, the interaction 
term of the year dummy variable and the treatment group 
dummy variable is generated, and then, the interaction term 
is added to the model for regression. Then, the coefficient 
of the interaction term can better measure the difference 
between the treatment group and the control group. The 
equation is as follows:

M and N indicate the pre- and post-policy periods, 
respectively, and the coefficient δj of the interaction term 
treatedi × yearj measures the difference between the phase-j 

(2)Yit = �
0
+
∑N

j−M
�jtreat i × year j + �i + �i + �it

Fig. 1   Research framework

Table 2   Basic regression results

*p < 0.10, **p < 0.05, and ***p < 0.01

(1) (3) (3) (4)

did 0.0267*** 
(0.0030)

0.0211*** 
(0.0026)

0.0267*** 
(0.0030)

0.0211*** 
(0.0026)

Control variables No Yes Yes Yes
Year fixed effect Yes Yes Yes Yes
Enterprise fixed 

effect
Yes Yes Yes Yes

R2 0.0314 0.2224 0.0314 0.2225

36342 Environmental Science and Pollution Research (2023) 30:36337–36349



1 3

processing group, the control group, and the baseline group. 
If the coefficient of the interaction term between the dummy 
variable and the treatment group before the policy point is 
not significant, there is no time trend of heterogeneity in the 
treatment group and the control group before the policy point.

The parallel trend test results are obtained according to 
the existing theory (Table 3). The figure shows the signifi-
cance of the annual regression coefficients within the 95% 
confidence intervals. Based on 2016, it can be seen that in 
the two periods before the introduction of the environmental 
tax reform, the regression coefficient was not significantly 
different from 0, indicating that no systematic difference was 
present between the treatment group and the control group 
before the policy impact. The regression coefficient of the 
current period (2017) and the following lag period is sig-
nificantly different from 0, indicating that the policy effect 
is obvious in the current period, and after the policy impact, 
and the parallel trend is proved.

Replace dependent variable

The rate of return on total assets is selected as the depend-
ent variable in this paper. The profit margin is a relative 
data. To verify the robustness of the conclusion, this paper 
further selects two absolute value indicators, namely, total 
profit (operating profit + non-operating income − non-oper-
ating expenditure) and net profit (total profit − income tax) 

to examine whether the conclusion that corporate profits 
are not reduced but improved under the impact of environ-
mental tax policy is reliable. As shown in Table 4, through 
the investigation, it was found that both net profit and total 
profit were significantly positive at the level of 1%, which 
was consistent with the conclusion of corporate profit mar-
gin. It shows that the index representing the profit level of 
the enterprise, whether the relative value data or the abso-
lute value data, always maintains strongly robust. That is, 
the impact of the environmental tax policy did not decline 
the corporate profit level; on the contrary, the overall profit 
level of enterprises in heavy pollution industries has been 
improved under the impact of the policy.

Replacement industry classification standard

Regarding the definition of heavy pollution industry, the 
existing literature does not have a unified and clear classi-
fication criteria. The classification criteria of different arti-
cles are partially different. Fifteen heavy pollution industries 
are defined in the Catalogue of Environmental Protection 
Verification Industry Classification Management of Listed 
Companies issued by Ministry of Ecology and Environment, 
PRC, in 2008. To avoid the contingency of the results, two 
other classification criteria are selected for the robustness 
test: In the first category, 18 heavy pollution industries are 
defined according to the Industry Classification Standards 
of Listed Companies revised by CSRC in 2012 and the Cat-
alogue of Environmental Protection Verification Industry 
Classification Management of Listed Companies issued by 
Ministry of Ecology and Environment. In the second cat-
egory, 14 heavy pollution industries published by Ministry 
of Ecology and Environment are included in the enterprise 
data of listed companies as the definition standard of heavy 
pollution industries. The results of the regression are shown 
in Table 5. The first column shows the classification method 
of the benchmark regression; the second column shows the 
second category; the third column shows the third classifi-
cation method. The environmental tax reform has improved 
the corporate profit margin in heavy pollution industries at 
the significance level of 1%, and the results have a strong 
robustness.

Table 3   Results of parallel trend test

* p < 0.10, **p < 0.05, and ***p < 0.01

(1) (2)

2015  − 0.0069 (0.0042)  − 0.0058 (0.0037)
2017 0.0153*** (0.0035) 0.0147*** (0.0031)
2018 0.0330*** (0.0041) 0.0275*** (0.0038)
2019 0.0267*** (0.0040) 0.0192*** (0.0036)
2020 0.0251*** (0.0043) 0.0184*** (0.0039)
Control variables No Yes
Year fixed effect Yes Yes
Enterprise fixed effect Yes Yes
R2 0.0325 0.2229

Table 4   Replace dependent 
variables

* p < 0.10, **p < 0.05, and ***p < 0.01

(1) (2) (3)
Corporate profit margin Net profits Total profits

did 0.0211*** (0.0026) 0.3027*** (0.0419) 0.2936*** (0.0400)
Control variables Yes Yes Yes
Year fixed effect Yes Yes Yes
Enterprise fixed effect Yes Yes Yes
R2 0.2225 0.2433 0.2447
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Mechanism analysis

The above empirical research results show that the environ-
mental tax reform can promote the corporate profit margin in 
heavy pollution industries. What mechanism does the envi-
ronmental tax reform implement to affect the profit mar-
gins of enterprises in heavy pollution industries? Generally 
speaking, environmental tax policy, as a rigid new regulatory 
standard, will bring greater cost pressure to enterprises. If 
enterprises want to avoid the long-term pressure of environ-
mental policies, they may improve their investment choices, 
reduce the choice of polluting production departments, and 
turn to choose the production methods with higher invest-
ment cleanliness. At the same time, the enterprise will also 
change the internal organizational structure through manage-
ment innovation, organizational optimization, and person-
nel adjustment, reduce the management costs, and keep the 
overall cost level of the enterprise stable.

Investment improvement effect

This section mainly verifies whether the environmental tax 
reform has improved the corporate profit margin by improv-
ing the investment level of enterprises in heavy pollution 
industries. To verify whether this mechanism is valid, this 
paper draws on the empirical ideas of existing research and 
establishes an investment sensitivity model, as follows:

(3)

invest = �
0
+ �

1
time ∗ treat ∗ roa + �

2
time ∗ treat

+ �
3
time ∗ roa + �

4
treat ∗ roa + �Xit + �i + �t + �ijt

Among them, investit represents the level of enterprise 
investment: enterprise investment level = (cash paid for pur-
chase of fixed assets, intangible assets, and other long-term 
assets − cash recovered from disposal of fixed assets, intangi-
ble assets, and other long-term assets)/total assets at the end of 
the period. roa is the return on equity, which is used to meas-
ure the impact of environmental tax reform on the investment 
level of enterprises. To verify whether enterprises in heavy 
pollution industries have improved their investment strategies 
and turned to choose cleaner production methods, this paper 
further introduces proxy variables that can measure the out-
put of green innovation (green innovation output = number of 
green innovation applications + green innovation authoriza-
tion volume) and counts logarithmic processing to investigate 
whether enterprises in heavy pollution industries carry out 
green transformation under the pressure of environmental 
tax burden. Green production can be achieved by improving 
processes, improving design, and using alternative renewable 
energy sources. As can be seen from the regression results in 
Table 6, the investment level of enterprises in heavy pollution 
industries under the impact of environmental tax policy was 
improved significantly at the level of 5%, and the green inno-
vation level was increased at 5%, indicating that enterprises in 
heavy pollution industries began to trend to green transforma-
tion under the pressure of environmental tax burden.

Cost‑saving effect

Microeconomic theory and empirical evidence show that 
enterprise productivity is an important factor in determin-
ing its profit level. Companies with higher productivity can 

Table 5   Replace the industry 
classification standard

* p < 0.10, **p < 0.05, and ***p < 0.01

(1) (2) (3)

did 0.0211*** (0.0026) 0.0127*** (0.0024) 0.0171*** (0.0023)
Other control variables Yes Yes Yes
Year fixed effect Yes Yes Yes
Enterprise fixed effect Yes Yes Yes
R2 0.2225 0.2200 0.2215

Table 6   Mechanism analysis

* p < 0.10, **p < 0.05, and ***p < 0.01

Investment improvement effect Cost-saving effect

Explained variables Enterprise investment level Green innovation output Management cost Production efficiency

did 0.0002** (0.0914) 0.0405** (0.0193)  − 0.0152*** (0.0040) 0.0912*** (0.0163)
Year fixed effect Yes Yes Yes Yes
Enterprise fixed effect Yes Yes Yes Yes
Control variables Yes Yes Yes Yes
R2 0.0184 0.0187 0.0412 0.4051
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reduce production costs and make higher profits through 
economies of scale. There is a positive correlation between 
the two aspects. As a comprehensive index reflecting the 
economic effect of the whole production and operation 
activities of the enterprise, the corporate profit margin is a 
comprehensive reflection of the enterprise profitability. The 
product cost determined by the productivity and the manage-
ment cost determined by the internal operation level are the 
key elements of whether the enterprise can make a profit. 
Under the impact of environmental tax reform, the profit 
margin of enterprises in heavy polluting industries has not 
been reduced but improved. The section mainly examines 
whether the enterprises in heavy pollution enterprises reduce 
their production cost and management cost under the envi-
ronmental tax burden pressure, so as to obtain higher profit 
space and maintain the market performance, i.e., cost-saving 
effect of the environmental tax. To test whether this trans-
mission mechanism is established, referring to the existing 
literature, this section takes the enterprise management 
fee as the proxy variable (take the logarithm) and replaces 
the dependent variable of type (1) for two-way fixed effect 
regression. Control variables are consistent with the bench-
mark regression, and standards are wrongly clustered to the 
industry level. The results are shown in Table 6. After the 
impact of environmental tax reform, the management cost of 
enterprises in heavy pollution industries is reduced instead, 
showing that under the stronger pressure of environmental 
regulations, enterprises will reduce their management cost 
by adjusting their internal operation methods, so as to offset 
the pressure brought by the environmental tax burden cost as 
far as possible. Further, this paper introduces the enterprise 
total factor productivity (LP method calculation) to replace 
the dependent variable of type (1) and investigates whether 
the environmental tax policy forces enterprises in heavy 
pollution industries to improve their production efficiency, 
so as to reduce the production cost and obtain more profit 
space. As can be seen from the regression results in Table 6, 
under the impact of environmental tax policies, the produc-
tion efficiency of enterprises is significantly improved at 1%, 
and the management cost is significantly reduced at 1%. It 
shows that the environmental tax policy expands the profit 
space of enterprises in heavy pollution industries through 
the cost-saving effect.

According to the above findings, on the one hand, the 
environmental tax reform has improved the investment ori-
entation of enterprises in heavy pollution industries and pro-
moted the green innovation of enterprises; on the other hand, 
it has optimized the internal cost management of enterprises 
in heavy pollution industries and reduced the production 
cost by improving their own production efficiency, confirm-
ing the assumption of investment improvement effect and 
cost-saving effect. Environmental tax reform has boosted the 
peculiar profit margins of heavily polluting industries through 

investment-improvement and cost-saving effects; thus, hypoth-
esis 2 (H2) is demonstrated.

Heterogeneity test

Although this paper has demonstrated the impact of envi-
ronmental tax policies on the profit margins of enterprises 
in heavy pollution industries, the same policy has different 
effects in different regions due to a vast territory in China. 
In addition, for different properties of enterprises, the impact 
of changing institutional costs is not the same. To this end, 
this paper analyzes the heterogeneity of enterprises from 
different regions and with different properties:

Divide different regions for regression analysis: All 
provinces are classified into eastern region, central region, 
western region, and northeast region depending on the geo-
graphic location. It should be noted that this regression equa-
tion is consistent with the benchmark regression, using two-
way fixed effect but sub-sample regression. The regression 
results in Table 7 showed that all regions were significantly 
positive, consistent with the benchmark regression. How-
ever, in the specific coefficient size shows a certain differ-
ence. The results showed that the corporate profit margins 
of heavy pollution industries in central region were most 
affected by the environmental tax reform, followed by north-
east region. The main reason is that the central region is an 
important energy base in China, and the northeast region is 
China’s traditional industrial base. The industrial structure 
of the two regions is biased and sensitive to changes in the 
environmental regulations.

Divide enterprises with different property rights for 
regression analysis: Referring to the existing literature, the 
enterprises are divided into state-owned enterprises and non-
state-owned enterprises for two-way fixed-effect regression, 
and the control variables are consistent with the benchmark 
regression. The results are shown in Table 7. Non-SOEs 
are more affected by the environmental tax reform as they 
need to assume full responsibility for its profits and losses. 
Under the impact of environmental tax burden, non-SOEs 
bear greater institutional costs, so they are highly affected 
by the profit margins.

Discussion and conclusion

With the increasing severity of global environmental pol-
lution, more and more countries adopt environmental taxes 
to maintain the ecological environment. Compulsory taxa-
tion should be imposed on economic entities, especially 
enterprises, to curb environmental pollution and pursue 
sustainable economic growth. This study selected the data 
of 3,867 listed enterprises in China from 2015 to 2020, and 
empirically tested the impact of China’s environmental tax 
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reform on the corporate profit margin of heavily polluting 
enterprises by establishing a difference in difference model 
(DID) and verified three valuable findings.

The first verified study suggested that China’s environ-
mental tax reform has effectively improved the profit mar-
gins of companies in heavily polluting industries. After the 
environmental tax reform, the profit margins of companies 
in heavy polluting industries rose by 2.11%, which remained 
solid after replacing the dependent variables and industry 
standards. Profit margin is the comprehensive performance 
of market competition performance. The rising profit rate 
means the rising enterprise competitiveness. Environmental 
regulations can promote the market competitiveness, which 
is consistent with the Porter hypothesis mentioned above 
(Porter and Linde 1995). In a practical sense, the environ-
mental regulations aim to reduce environmental pollution, 
maximize the sustainable benefits of the economy and soci-
ety, and achieve sustainable economic growth (Ramanathan 
et al. 2017). Therefore, this finding has reference signifi-
cance for the formulation of environmental regulations in 
various countries.

The second verified study indicated that the main 
mechanism of China’s environmental tax reform on 
enterprises in heavy pollution industries comes from the 
investment improvement effect and cost-saving effect: 
First, this paper constructs the investment sensitivity test 
equation and introduces green innovative proxy variables. 
It is found that after the environmental tax reform, the 
investment level of enterprises in heavy pollution indus-
tries has been significantly improved at 5%, and the level 
of green innovation has been significantly improved. It 
suggests that enterprises in heavy pollution industries 
have improved the efficiency of investment allocation 
and their investment strategies, turned to choosing cleaner 
production methods, and improved their market competi-
tiveness and profitability through investment improve-
ment and green innovation. This is in line with previous 
research that environmental tax reforms would increase 
environmental investment (Liu et al. 2022a, b). With the 

changes in the economic situation, the investment strat-
egy is changed and the R&D expenditure is increased, 
allowing the enterprise to gain a long-term development 
(Hirschey et  al. 2012). Second, this paper introduces 
enterprise management cost and uses LP method to meas-
ure total factor productivity. Under the pressure of the 
more stringent environmental tax system, the manage-
ment cost of the enterprises in the heavy pollution indus-
tries is being reduced instead, indicating that the enter-
prises will reduce the management cost by adjusting their 
internal operation methods, so as to offset the pressure 
brought by the environmental tax burden cost as much as 
possible. Under the impact of environmental tax reform, 
the production efficiency of enterprises in heavy pollu-
tion industries has been significantly improved at 1%, 
which also verifies Porter’s hypothesis theory. It shows 
that the environmental tax reform is a relatively moder-
ate environmental regulation policy, which can stimulate 
innovation, improve production efficiency, reduce pro-
duction costs, and expand the profit space of enterprises 
in heavy polluting industries. In the long run, by reducing 
costs and improving cost-effectiveness, it will also help to 
improve the ability of enterprises to create profits (Car-
ratù et al. 2020).

The third validated study concludes that the impact of envi-
ronmental tax reform on the corporate profit margins of heavy 
pollution industries presents a heterogeneity: the corporate 
profit margins of heavy pollution industries in central region 
were most affected by the environmental tax reform, followed 
by northeast region. The main reason is that the central region 
is an important energy base in China, and the northeast region 
is China’s traditional industrial base. The industrial structure 
of the two regions is biased and sensitive to changes in the 
environmental regulations. Non-SOEs are more affected by 
the environmental tax reform as they need to assume full 
responsibility for their profits and losses. Under the impact of 
environmental tax burden, non-SOEs bear greater institutional 
costs, so they are more sensitive to the changes in the profit 
margins and highly affected by the profit margins.

Table 7   Heterogeneity analysis

* p < 0.10, **p < 0.05, and ***p < 0.01

Regional heterogeneity Property rights heterogeneity

Explained variables Eastern region Central region Western region Northeast region State-owned enter-
prise

Non-state-owned 
enterprise

did 0.0178*** (0.0031) 0.0250*** (0.0049) 0.0124* (0.0074) 0.0202** (0.0099) 0.0146*** (0.0034) 0.0193* (0.0034)
Year fixed effect Yes Yes Yes Yes Yes Yes
Enterprise fixed 

effect
Yes Yes Yes Yes Yes Yes

Control variables Yes Yes Yes Yes Yes Yes
R2 0.2168 0.1924 0.2573 0.3645 0.2647 0.2265
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Policy implications

From the literature review and the above research results, 
China’s environmental tax reform can effectively reduce 
environmental pollution (Li et al. 2022a, b) on the one hand; 
on the other hand, it can also produce positive microeco-
nomic effects and promote sustainable economic growth. 
This is of important reference significance for the design of 
green tax revenue in many developing countries with rapid 
industrialization. Specifically speaking, the following policy 
implications can be obtained:

First, in terms of institutional design, we should also 
attach importance to the economic value and environ-
mental protection value of environmental protection tax 
and the role of environmental tax on ecological protec-
tion, but also integrate this tax design into sustainable 
economic growth. In addition, we should pay attention to 
the coordinated implementation of other environmental 
protection measures such as carbon tax, unblock the con-
nection between environmental supervision and adminis-
trative law enforcement units and the corresponding tax 
departments, and maintain the benign policy effect of 
environmental tax reform.

Second, for the purpose of reform, China’s environmental 
tax reform should focus on enterprises in heavy pollution 
industries. The purpose of China’s environmental tax reform 
is to control pollution and protect the ecology. According 
to the research of this paper, the environmental tax reform 
has a positive impact on the enterprise performance in 
heavy pollution industries. Therefore, with the deepening 
of environmental tax reform, environmental protection law 
enforcement departments should strengthen the supervision 
frequency and intensity of enterprises in heavy pollution.

Third, from the influence mechanism, China’s environ-
mental tax reform has a positive impact on the enterprise 
performance in the heavy pollution enterprises, as the gov-
ernment encourages tax-paying enterprises to strengthen the 
environmental inputs and gives the financial subsidies and 
financial support. This greatly reduces the cost of enterprise 
innovation. From the empirical results, these measures have 
stimulated the level of green innovation, improved the tra-
ditional investment orientation of heavily polluting enter-
prises, and turned them to choose cleaner production meth-
ods. Therefore, the government departments should further 
improve and build a financial subsidy, financial support, and 
tax reduction policy system oriented by green technology 
innovation, alleviate the cost constraints of enterprises in 
introducing green technology or to carry out green innova-
tion independently, and encourage high-quality green inno-
vation activities.

Fourth, from the perspective of the heterogeneity 
results, the effect of environmental tax reform in different 

regions and among enterprises in heavy polluting indus-
tries with property rights is not feasible. Therefore, the 
policy implementation process should be adjusted accord-
ing to local conditions and differentiated implementation. 
Due to China’s vast territory and abundant resources, dif-
ferent regions have different industrial layout characteris-
tics. More preferential policies and financial support should 
be given to areas with more enterprises in heavy pollution 
industries to accelerate the speed of green transformation 
and upgrading. In addition, we should strengthen the tax 
supervision of state-owned enterprises. In China, compared 
with non-state-owned enterprises, state-owned enterprises 
lack the market competition incentive affected by politi-
cal factors and are less affected by policy implementation. 
Therefore, regulation and administrative intervention must 
be strengthened to urge enterprises in heavy polluting 
industries with different property rights to speed up green 
transformation and upgrading.

Limitations

There are still some deficiencies in the research, mainly 
reflected in: First, the research objects of this paper are Chi-
nese listed enterprises. Due to the lack of corresponding data 
and the insufficient research and attention of unlisted small 
and micro enterprises, it is unable to identify the problems 
of micro-level enterprises. Second, it is the exploration of 
influencing mechanism. This paper mainly excavates the 
mechanism from the investment improvement effect and the 
cost-saving effect. Due to the limitation of research perspec-
tive, there may be other impact mechanisms, thus failing to 
show the impact of environmental tax reform on corporate 
profit margins. This will also be one of the research direc-
tions in the future.
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