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Abstract: As an essential reform of China’s environmental regulatory policy, the environmental
protection tax reform achieves a smooth transition from the emission fee system to the environmental
protection tax system according to the principle of tax burden leveling. With the quasi-natural
experiment of the introduction of the Environmental Protection Tax Law, this paper examines the
effect of environmental protection tax reform on total factor productivity of heavily polluting firms
using a difference-in-difference approach based on empirical evidence of Chinese listed companies
from 2015 to 2020. It is found that environmental tax reform can significantly increase the level
of total factor productivity of heavily polluting firms, and the results remain robust to robustness
tests using the OP method, the GMM method to re-measure the total factor productivity of heavily
polluting enterprises and the use of different industry classification criteria, with the mechanism of
action mainly coming from the technological innovation effect and capital allocation optimization. In
addition, the effect of environmental tax reform on total factor productivity of heavily polluting firms
is heterogeneous across regions and industries, with the total factor productivity of firms in heavily
polluting industries in the eastern region being least affected by environmental tax policies and
state-owned enterprises with heavy property rights structures being most affected by environmental
tax reform.

Keywords: environmental tax reform; total factor productivity; heavy-polluting enterprises; difference-
in-differences; quasi-natural experiment

1. Introduction

China’s extensive economic growth mode with high energy consumption and high pol-
lution has led to increasingly serious environmental pollution problems, and environmental
protection has lagged behind economic and social development. The trend of ecological de-
terioration has not been fundamentally reversed, and environmental pollution is a serious
problem in some areas. To this end, the reports of the 18th CPC National Congress and the
19th National Congress of CPC promote ecological civilization construction and firmly im-
plement the strategy of sustainable development. In addition, in the Fourteenth Five-Year
Plan, “We plan to deepen the battle against pollution and promote the comprehensive green
transformation of economic and social development”. However, different from Western
developed countries, China does not have a real environmental protection tax system. We
tend to replace the environmental protection tax system with a sewage charge system. In
1982, the State Council published and implemented the Interim Measures for Collecting and
Discharging Fees. This law had a far-reaching impact on environmental pollution control,
but the shortcomings of the modern environmental control system are also increasingly
exposed [1]. On 25 December 2016, the 25th Standing Committee of the National People’s
Congress of the 12th National People’s Congress published the Environmental Protection
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Tax Law of the People’s Republic of China (hereinafter referred to as the Environmental
Protection Tax) to protect and improve the environment, reduce the emission of pollutants
and promote the construction of ecological civilization, thus realizing a smooth transition
of environmental tax reform. This tax law embodies the basic principle of “who votes, who
pays, who treats” for the sake of internalizing the social cost of environmental pollution,
which is bound to have an important impact on the production and operation activities, in-
vestment decisions, environmental information disclosure and other aspects of enterprises.
In addition, total factor productivity (TFP) has become an important index to measure
and evaluate the quality of economic development. Enterprises are the micro subjects
of a market economy, and the improvement of enterprise TFP at the micro level has an
important impact on the improvement of overall TFP [2]. Nonetheless, as the main object
of an environmental protection tax, can the implementation of a policy of environmental
tax reform promote the total factor productivity of heavy-polluting enterprises? It is an
urgent issue to discuss at present.

Hence, taking the enactment of the Environmental Protection Tax Law as an exoge-
nous event shock and using the panel data of Shanghai and Shenzhen A-share listed
industrial enterprises from 2015 to 2020, the difference-in-difference (DID) method is used
to test the impact of environmental tax reform on the total factor productivity of heavily
polluting enterprises.

2. Literature Review and System Background
2.1. Literature Review

TFP, as an indicator to measure production efficiency, is rooted in the output contribu-
tion brought by technological progress, efficiency improvement and non-constant returns
of scale [3]. The existing literature about TFP falls into two categories: the measurement of
TFP and the influencing factors of TFP.

Regarding the calculation of TFP, the semi-parametric method, the OP method and
the LP method, as proposed by Olley et al. [4] and Levinsohn et al. [5], are widely used
to measure the TFP. Wang et al. [6] and Xu et al. [7] have both adopted the OP method
and the LP method to measure TFP of Chinese industrial and manufacturing enterprises,
respectively. In addition, some scholars have estimated TFP with the GMM method
proposed by Blundell et al. [8]. The proposed method effectively addresses the endogeneity
problem in the regression by adding instrumental variables. Ren et al. [9] adopted this
method to comprehensively calculate TFP of Chinese listed enterprises. It is worth noting
that the Malmquist productivity index is also widely used in measuring TFP. Its core idea is
mainly to measure the change of TFP by constructing the Malmquist–Luenberger index [10].
The Malmquist productivity index was first proposed by Caves et al. [11] and was extended
by Färe et al. [12], considering the technical inefficiency of productivity measurements in a
non-parametric framework. However, this non-parametric method has the drawback of
not considering the sample random factors.

On the influencing factors of TFP, the existing literature mainly focuses on technologi-
cal innovation, economic growth, environmental regulation and other aspects. In terms of
technological innovation, the green technology innovation can not only have an impact on
energy TFP [13] through industrial structure upgrading, but also promote the improvement
of enterprise TFP [14] by improving unit labor productivity. The improvement effect of
green technology innovation on improving TFP has significant regional heterogeneity,
especially in eastern China [15]. In terms of economic growth, studies have found that
an economic recession will lead to significant reductions in TFP [16]. Some studies have
also shown that the digital economy is an effective way to cope with the reduction of TFP.
Despite the significant regional differences, it is confirmed that the digital economy can pro-
mote enterprise factor productivity [17]. In addition, the increased level of opening up [18]
and the development of green finance [19] are also favorable factors for the improvement
of enterprise factor productivity. In the field of environmental regulation, the study of
TFP has always been a hot topic of academic discussion. In particular, the influence of
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environmental regulation on TFP can be divided into two categories: the first view holds
that the environmental regulation can promote TFP. For example, the implementation
of the air pollution prevention and control plan can promote the green TFP of China’s
chemical industry [20]; the capacity reduction policy can promote TFP growth of coal
enterprises [21]; the emission trading system [22] and the low-carbon city pilot policy [23]
have both effectively and directly promote China’s TFP. The second view holds that envi-
ronmental regulation has an inhibitory effect on TFP. In particular, the command-controlled
environmental regulation will significantly hinder the growth of TFP of enterprises [24].
In China, the inverted “U” relationship is presented between the sewage fee system [7],
environmental legal system [25] and enterprise TFP.

The introduction of an environmental tax is an important institutional reform of
environmental regulation policy in China. It is unclear how Chinese corporate TFP has
changed since the policy implementation. This also provides an opportunity to study and
test the policy effect of China’s environmental protection tax. At present, the research
on the policy effect of environmental protection tax reform mostly focuses on enterprise
performance, environmental protection investment, air pollution and other aspects. In this
regard, the Environmental Protection Tax Law issued in 2016 was taken as an exogenous
policy impact event, and A-share listed companies in Shanghai and Shenzhen from 2015 to
2020 were used as research samples to study the impact of environmental protection tax on
enterprise TFP and explore the environmental and economic effects of the environmental
protection tax, thus promoting the coordinated development of economic growth and
ecological protection. Compared with the existing literature, the marginal contribution of
this paper is: first, it expands the research perspective of China’s environmental protection
tax. Based on the two perspectives of technological innovation and capital allocation,
the economic effect of environmental protection tax reform is tested. It is found that the
environmental protection tax reform has a significant positive effect on the total factor
productivity of heavily polluting enterprises. The internal mechanism was deeply analyzed.
Secondly, the heterogeneity of the economic effect of the environmental protection tax in
China was investigated to discuss the different influences of environmental protection tax
reform on the total factor productivity of heavy-polluting enterprises from the regional
level and property right level.

2.2. System Background

The environmental protection tax system in China has undergone 38 years of evolution
(refer to Table 1 for evolution process). Before 2016, there was no real environmental
protection tax system in China. Instead, the pollutant discharge fee system replaced
the environmental protection tax system and played a regulatory role in environmental
governance. The sewage fee system can be traced back to the Environmental Protection
Law (Trial) published in September 1979. In February 1982 and July 1988, the State Council
published the Interim Measures for Collecting Pollutant Discharge Fees and the Interim
Measures for Paid Use of the Special Fund for Pollution Source Control, respectively, thus
formally establishing the system of pollutant discharge fees. Since then, the State Council
has raised the collection standard of pollutant discharge fees in 1998, 2003, 2007 and 2014,
respectively, to further regulate the production behavior of enterprises and improve China’s
ecological environment. The extensive economic growth with high energy consumption
and high pollution, significantly impacted sustainable development of ecology and the
economy. Hence, the contradiction between the ecological environment and economic
development has been increasingly prominent [26]. In this regard, according to the report of
the 18th CPC National Congress, China is going to give high priority to ecological progress
and accelerate the formation of a spatial pattern, industrial structure, mode of production
and way of life that conserve resources and protect the environment. In November 2013,
the Third Plenary Session of the 18th CPC Central Committee decided to reform the
environmental protection tax system. In November 2014, the Ministry of Finance, the
Ministry of Environmental Protection and the State Taxation Administration submitted the
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Environmental Protection Tax Law of the People’s Republic of China (draft) to the State
Council. The Office of Legislative Affairs of the State Council announced the draft of the
Environmental Protection Tax Law of the People’s Republic of China for public comment. In
August 2016, the 20th session of the 12th NPC Standing Committee of the National People’s
Congress carried out the first deliberation on the Environmental Protection Tax Law of
People’s Republic of China (Draft) In the same year in December, the 25th meeting of the
12th Standing Committee of the National People’s Congress approved the Environmental
Protection Tax Law of People’s Republic of China. In addition, the report to the 19th
National Congress of CPC stressed the need to “raise pollution emission standards and
improve the system of severe punishment”. In January 2018, the Environmental Protection
Tax Law of the People’s Republic of China and Enforcement Regulations of Environmental
Protection Tax Law of the People’s Republic of China took effect synchronously, which
marked the environmental protection tax system replacing the sewage fee system.

Table 1. Related developments in China’s environmental protection tax.

Time Related Courses

13 September 1979 The 11th Session of the Standing Committee of the Fifth National People’s Congress
deliberated and adopted the Environmental Protection Law (Trial Implementation)

5 February 1982 The State Council issued Interim Measures of Collection of Sewage Charges

28 July 1988 The State Council issued Interim Measures of Paid Use of Special Fund for Pollution
Source Control

15 August 1993 The State Planning Commission (SPC) and Ministry of Finance printed and distributed Notice
of Collection of Sewage Charges

2 January 2003 The State Council issued Management Ordinance of Collection and Use of Sewage Charges

1 September 2014
National Development and Reform Commission, Ministry of Finance and Ministry of

Environmental Protection printed Notice on Adjustment of the Standards for Collection of
Pollutant Discharge Fees and Other Relevant Issues

13 November 2014
The Ministry of Finance, the Ministry of Environmental Protection and the State Taxation
Administration jointly submitted the Environmental Protection Tax Law of the People’s

Republic of China (draft) to the State Council

10 June 2015 Office of Legislative Affairs of the State Council issued Notice on Soliciting Public Opinions
on the Environmental Protection Tax Law of the People’s Republic of China (Draft)

5 August 2015 The Environmental Protection Tax Law was to the legislative plan of the Standing Committee
of the 12th Standing Committee of the National People’s Congress

29 August 2016–3 September 2016 The 20th Meeting of 12th Standing Committee of the National People’s Congress reviewed the
Environmental Protection Tax Law of the People’s Republic of China (draft) for the first time

25 December 2016 The 25th meeting of the 12th Standing Committee of the National People’s Congress
approved the Environmental Protection Tax Law of the People’s Republic of China

1 January 2018
The Environmental Protection Tax Law of the People’s Republic of China and Enforcement

Regulations of the Environmental Protection Tax Law of the People’s Republic of China take
effect synchronously

The Environmental Protection Tax Law, an important system designed for regulating
and improving the ecological environment in a variety of ways, including administrative
and economic integration in China, is the first special embodiment of a “green tax sys-
tem” that vigorously promotes the construction of ecological civilization. The government
changed from passive management to active management by levying environmental pro-
tection taxes on enterprises and forcing enterprises to discharge and reduce emissions,
thereby curbing the spread of environmental pollution.

3. Research Design
3.1. Model Specification

The environmental protection tax, as an exogenous policy, provides a suitable quasi-
natural experiment. Hence, a DID method is adopted in the present study to analyze the
impact of the tax on enterprise total factor productivity. The research framework of the
present paper is shown in Figure 1.
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The difference-in-difference method is a critical way of assessing the effects of policies.
If the implementation of a policy affects only one part of the economy but not others, it can
be viewed as a sort of scientific experiment to assess whether the policy impacts different
parts of the economy. The difference in the final evaluation results is the implementation
effect of the policy. In this regard, this section uses the difference–indifference method to
test the impact of the environmental tax on the total factor productivity of enterprises.

Since the Environmental Protection Tax Law of the People’s Republic of China was
unveiled, the change of enterprise total factor productivity mainly stems from three aspects:
(1) time effect, the total factor productivity of enterprises may also change with time
without the introduction of the policy; (2) grouping effect, heterogeneity exists in different
industries, which will have different effects on the total factor productivity of enterprises;
and (3) policy treatment effect, the introduction of the environmental tax policy has caused
an enterprise total factor productivity change. The difference–indifference method can be
used to effectively identify the policy treatment effect (policy net effect). It also effectively
controls the endogenous correlation between environmental tax policy and the change
of enterprise total factor productivity. Based on the theoretical model and the existing
research, the benchmark regression model constructed in this present study is:

TFPit = β0 + β1 × didit + γZit + ωt + ui + εit (1)

where didjt indicates the intersection term of the grouping dummy variable and the time
dummy variable, which indicates whether heavily polluting industries will be hit by envi-
ronmental tax policies in year t. The grouping dummy variable uses whether the industry
is a heavily polluting industry (set up with a value of one) and whether the time dummy
variable is used after the introduction of the policy (namely, the value was in 2017–2020 and
zero in 2015–2016). The subscripts i and t denote industry and year, respectively, and denote
unobserved factors associated with year; ui represents unobserved individual factors that do
not change over time; Zit represents the introduced control variable; and TFPit represents
that total factor productivity is the explained variable.

3.2. Data Source

The Environmental Protection Tax Law of the People’s Republic of China was adopted
at the 25th session of the Standing Committee of the 12th Standing Committee of the
National People’s Congress on 25 December 2016. From the historical evolution process,
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the environmental tax system is the smooth transition from the pollutant discharge fee
system. Compared with the pollution fee, the system rigidity of the environmental tax
is significantly increased, which requires more responsibility for pollution control and
emission reduction of enterprises. The purpose of the empirical study in this part is to
explore the economic effects of environmental tax reform by taking this exogenous event as
a quasi-natural experiment, thus further determining the action mechanism of this shock
on the total factor productivity of enterprises.

This paper selects the data of A-share listed industrial enterprises in Shanghai and Shen-
zhen during 2015–2020 as research samples to avoid the impact of similar policies. Enterprises
affected by the environmental tax are mainly concentrated in heavily polluting industries,
so the industries to which sample enterprises belong are classified. The specific steps are as
follows. Detailed procedures of sample selection: (1) identify heavy polluting industries. By
referring to the Listed Companies Environmental Protection Verification Industry Classifica-
tion Management Catalog issued by the Ministry of Ecology and Environment, PRC in 2008,
and the practice of Liu et al. [27] and Liu et al. [28], the present study analyzed the coal mining
and washing industry; the oil and gas mining industry; the ferrous metal mining industry; the
non-ferrous metal mining industry the textile industry the leather, fur, feathers and products
and footwear industry; the papermaking and paper products industry; the manufacturing
of chemical raw materials and chemical products; the manufacturing of chemical fibers; the
manufacturing of rubber and plastic products; the manufacturing of non-metallic minerals;
the smelting and rolling of ferrous metals; the smelting and rolling of non-ferrous metals
and the production and supply of electricity and heat. (2) To ensure the stability and validity
of the sample, the following enterprise data were excluded in the present study: ST and
ST* enterprises (businesses suffering serial losses are referred to as ST and ST* enterprises),
enterprises that have been de-listed and listed companies that issue both A and B shares.
(3) The financial data of the sample enterprises selected in the present study are all from the
GTA database. In addition, the continuous variables are reduced by 1% in order to alleviate
the influence of outliers on the empirical results.

3.3. Variable Selection

(1) Explained variable: Total factor productivity (TFP)

According to the research purpose and data availability, the present study adopts
enterprise TFP as the explained variable. The estimation method of enterprise TFP mainly
includes three methods: parametric, nonparametric and semi-parametric. In this paper,
the measurement of TFP mainly involves parametric and semi-parametric methods. Since
non-parametric methods do not consider sample random factors, they are not adopted in
this paper to avoid inconsistency of the estimates.

Parametric method: This paper mainly estimates the parameters of the production
function by using the GMM method proposed by Blundell et al. [8]. A natural instrumental
variable for the estimation of the production functions is the lag value of the explained
variable. As it is determined in a t-1 period, it will not be related to the current technical
impact. Its basic idea is to take the residuals as a measure of total factor productivity and
solve the endogenous problems in the model by adding instrumental variables.

Semi-parametric method: Different from the parametric method of the GMM method
to measure TFP, the OP method and the LP method adopted in this paper belong to the
semi-parametric method. The OP method was first proposed by Olley et al. [4]. Its core idea
is to take the investment level of the company as the proxy variable of productivity, which
solves the problem of simultaneous selection bias and sample selection deviation very well.
For the problem of simultaneous selection bias, the OP method assumes that the enterprise
will make investment decisions based on the current productivity status. Therefore, the
simultaneous bias problem can be solved with the proxy variable representing the unob-
servable productivity. For the problem of sample selection bias, the OP method obtains an
unbiased estimate of labor output elasticity by constructing a polynomial that contains the
logarithms of enterprise investment and enterprise capital stock and then establishes an
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enterprise survival probability model to estimate the enterprise’s entry and exit decisions,
thus effectively solving the problem of sample selection bias and obtaining a consistent
estimate of capital output elasticity. However, the OP method has some limitations, that
is, the need to meet the monotonous increase between investment and productivity. This
means that those samples with zero investment levels will not be estimated. Levinsohn
et al. [5] improved on this problem by developing a new TFP estimation method, namely,
the LP method. The core ideas that instead of using the investment amount as a proxy
variable, intermediate product input indicators are used. The LP method allows researchers
to flexibly select proxy variables based on the available data.

Therefore, in this paper, we use the LP method in the benchmark regression, select
the OP method and GMM methods to re-measure the enterprise TFP and substitute the
measurement equation to check whether the regression results are robust.

(2) Core independent variable: Dummy variable of environmental tax policy

Independent variables include group dummy variables, time dummy variables and
their interaction terms. When estimating the impact of the reform of an environmental fee
and tax, a dummy variable treatedit was set for whether it belongs to a heavily polluting
industry, and the value was assigned to each industry, respectively. If an industry belongs
to a heavily polluting industry, then treatedit = 1, otherwise treatedit = 0. When estimating
the time change trend of the impact of environment on the level of the profit margin of
enterprises, the dummy variable T of time effect is set. T represents the 0–1 dummy variable,
and T = 1 indicates the year after the Environmental Protection Tax Law was issued for
an industry. T = 0 represents the year before the Environmental Protection Tax Law. The
interaction term treatedit × Tit is the core independent variable.

(3) Control variable

TFP is affected by many factors. Hence, a series of control variables were introduced by
referring to the existing studies on the determinants of enterprise total factor productivity to
improve the accuracy of the regression results. Among them, the basis for the selection of
control variables is as follows: the size and age of the enterprise are mainly selected to control
the individual characteristics of the enterprise. The asset–liability ratio and liquidity ratio are
mainly selected to control the financial and asset operation level of the enterprise, and the
administration cost is mainly selected to control the internal management level of the enterprise.
The main purpose of the Herfindahl index is to control the level of market competition in the
region of the enterprise. The specific measurement method is enterprise size (size) which is the
total assets of the enterprise calculated using the natural logarithm. The asset–liability ratio (lev)
reflects the solvency of the enterprise. The enterprise debt is compared to the enterprise total
assets. Enterprise age (life) reflects the life of the enterprise, using the logarithm of life. The
liquidity ratio (liquid) reflects the financial security of the enterprise and the ability to resist risks.
It is expressed as the ratio of the difference between total liquid assets and liquid liabilities to
the total assets of the enterprise. Administration cost (manage), expressed by the logarithm of
management expenses, reflects the internal management level of the enterprise. The Herfindahl
index (hhi) is used to control the influence of the overall degree of urban industry competition
on enterprises. Table 2 shows the descriptive statistics of each variable.

Table 2. Descriptive statistics of variables.

Sign Variables Mean Standard Deviation Min Max

TFP Total factor productivity 15.4240 1.0242 6.9078 19.9872
DID Interaction item 0.1527 0.3597 0.0000 1.0000
size Enterprise scale 22.2606 1.3305 15.9792 28.6365
lev Asset-liability ratio 0.4164 0.2340 0.0084 10.4953
life Enterprise age 3.1048 0.2524 1.7918 4.1589

liquid Liquidity ratio 2.5609 2.9808 0.0642 80.6637
manage Management cost 18.8503 1.1853 15.0646 25.1682

hhi Industry competitiveness 0.2060 0.0077 0.2003 0.3054
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4. Empirical Analysis
4.1. Benchmark Regression

Formula (1) of the test model is used for regression analysis, and the specific results
of the basic regression are shown in Table 3 to test the impact of environmental tax policy
on the total factor rate of enterprises. All regressions are performed at the firm level in
different industries to allow for possible serial correlation. In Column (1), only DID, the
DID interaction term of environmental tax policy, is added, controlling for year fixed
effects and firm fixed effects. The regression result was the estimated result without
adding control variables. It is the direct effect of environmental tax policy on the total
factor productivity level of enterprises in heavily polluting industries. The regression
coefficient of the interaction term is positive and significant at the 1% level. It shows that
the environmental tax policy significantly improves the level of total factor productivity
of enterprises. In Column (2) and Column (3), the influencing factors of enterprise level
(enterprise size, solvency, enterprise age, liquidity ratio, management cost) and industry
level (industry competition) are further controlled separately. The coefficients of the
interaction terms were significantly positive in turn. All the control variables were added
in Column (4), which is the most robust result. The coefficient of the interaction term
DID is still significantly positive at the 1% level, and the empirical results have been
further verified.

Table 3. Basic regression results.

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

DID 0.0739 ***
(0.0135)

0.0910 ***
(0.0118)

0.0844 ***
(0.0138)

0.0912 ***
(0.0118)

Control variable No Yes Yes Yes
Fixed effect of the year Yes Yes Yes Yes

Fixed effect of enterprise Yes Yes Yes Yes
R2 0.1832 0.4049 0.1842 0.4051

Notes: *** indicate the significance levels of 1%.

In four columns of the benchmark regression in Table 3, the coefficients of the DID
interaction term are significantly positive, ranging from 0.0739 to 0.0912. Hence, the
introduction of environmental tax policy can significantly improve the level of total factor
productivity of enterprises, and the direction of this effect does not change significantly
with the continuous addition of co-variates, showing a certain robustness.

4.2. Robustness Test
4.2.1. Parallel Trend Test

An important prerequisite of using DID for analysis is that the assumption of parallel
trends between the treatment and control groups must be satisfied. In short, if the policy
shock does not exist, then the time trends of the control group and the experimental group
should not be systematically different and should be consistent. Therefore, in this part,
different methods can be used to test the parallel trend.

Moreover, this present study draws on the idea of the Event Study Approach to further
verify the dynamic effects of parallel trends and environmental tax policies on enterprise
total factor productivity to avoid the subjectivity of intuitive judgment. The interaction
term between the dummy year variable and the dummy variable of the treatment group
was generated first, and then the interaction term was added to the model for regression.
In this regard, the coefficient of the interaction term could better measure the difference
between the treatment group and the control group. The equation is as follows:

Yit = β0 + ∑N
j=−M δjtreati × yearj + λi + νt + εit (2)
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where M and N represent the number of periods before and after the policy respectively, and
the coefficient δj of the interaction term treatedi × yearj measures the difference between
the treatment group and the control group in the JTH period and the benchmark group.
In the event that the coefficient of the interaction term between the dummy variable and
the treatment group before the policy time point is not significant, there will be no time
trend of heterogeneity between the treatment group and the control group before the policy
time point.

Based on the existing theory, the results of the parallel trend test (Table 4) are obtained,
where Column (1) represents the parallel trend test without control variables, and Column
(2) represents the parallel trend test with control variables. Figure 2 shows the significance
of the regression coefficients for each year within the 95% confidence interval. Taking
2016, the first period before the policy, as the base period, it can be seen that in the two
periods before the introduction of the environmental tax policy, the regression coefficients
were not significantly different from 0, indicating that there was no systematic difference
between the treatment group and the control group before the policy impact. The regression
coefficients of the policy time point in the current period (2017) and the subsequent lagged
three periods are significantly different from 0, indicating that the policy effect is obvious
in the current period and after the policy impact. The parallel trend has been proved.

Table 4. Basic regression results.

(1) (2)

2015 0.0119
(0.0231)

0.0206
(0.0192)

2017 0.0626 ***
(0.0183)

0.0820 ***
(0.0149)

2018 0.0974 ***
(0.0216)

0.0952 ***
(0.0178)

2019 0.0830 ***
(0.0246)

0.0667 ***
(0.0211)

2020 0.0737 **
(0.0287)

0.0531 **
(0.0245)

Control variable No Yes
Fixed effect of the year Yes Yes

Fixed effect of enterprise Yes Yes
R2 0.1834 0.4051

Notes: *** and ** indicate the significance levels of 1% and 5%, respectively.
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4.2.2. Replace Dependent Variable

The TFP measured by the previous benchmark regression is mainly based on the LP
method. The OP method can solve the problem of simultaneous selection bias, sample
selection bias, and the GMM method can solve the endogeneity problem in the model by
adding instrumental variables. In this part, the OP method and the GMM method are used
to remeasure the TFP of enterprises and substitute it into the measurement equation to
check whether the regression results are robust. Results of the regression are shown in
Table 5. In Table 5, Columns (1), (2) and (3) are the regression results of TFP of heavily
polluted enterprises calculated based on the LP method, the OP method and the GMM
method, respectively. The results show that whether the semi-parametric method or the
parametric method is used to calculate TFP of heavy-polluting enterprises, the impact of
environmental tax reform on TFP of heavy-polluting enterprises is significantly positive
under the 1% statistical level, and the results are robust.

Table 5. Fictitious policy processing items.

DID LP OP GMM

0.0912 ***
(0.0118)

0.1222 ***
(0.0105)

0.1008 ***
(0.0152)

Control variable Yes Yes Yes
Fixed effect of the year Yes Yes Yes

Fixed effect of enterprise Yes Yes Yes
R2 0.4051 0.1288 0.1011

Notes: *** indicates the significance levels of 1%.

4.2.3. Replacement Industry Classification Standard

Most of the current literature does not have a unified and clear classification standard for
the definition of heavy-polluting industries, and the classification standards of different articles
will be partially different. The present study adopts the Environmental Protection Verification
Industry Classification and Management Catalog of Listed Companies issued by the Ministry
of Ecology and Environment, PRC in 2008 and draws on the practices of Liu et al. [27] and
Liu [28]. Here, 15 heavily polluting industries were defined. In order to avoid the accidental
existence of the results, two other classification criteria were selected for robustness testing:
The first is based on the classification standards of heavy-polluting industries proposed by Li
et al. [29], that is, heavy-polluting industries defined by the Industry Classification Standards for
Listed Companies revised by China Securities Regulatory Commission in 2012 and the Listed
Companies Environmental Protection Verification Industry Classification and Management
Catalog issued by the Ministry of Environmental Protection. There are 18 categories in total.
The second method is to match the 14 heavily polluting industries announced by the Ministry
of Environmental Protection to listed companies according to the practice of Guo et al. [30].
This is the definition standard of heavy pollution industries. According to regression results
in Table 6, Column (1) is the classification method of the benchmark regression in the present
study, Column (2) is the classification method of Li et al. [29], and Column (3) is the classification
method of Guo et al. [30]. The result shows that environmental tax policies improve the total
factor productivity of heavily polluting enterprises at the significance level of 1% no matter how
they are classified. The results show strong robustness.

Table 6. Replacement industry classification standard.

(1) (2) (3)

DID 0.0912 ***
(0.0118)

0.0558 ***
(0.0109)

0.0687 ***
(0.0105)

Other control variables Yes Yes Yes
Fixed effect of the year Yes Yes Yes

Fixed effect of enterprise Yes Yes Yes
R2 0.4051 0.4040 0.4044

Notes: *** indicates the significance levels of 1%.
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4.3. Mechanism Analysis

Empirical research results show that environmental tax policies can promote the total
factor productivity of heavily polluting enterprises. So, what is the transmission mechanism
of this policy affecting the total factor productivity of heavily polluting enterprises? Based
on the research ideas of Ren et al. [9], it can be understood from the essential characteristics
of total factor productivity, that is, because total factor productivity is a comprehensive
Solow residual value it has into two aspects: technological progress effect and capital
allocation effect. Environmental tax policy may improve total factor productivity through
stimulating technological innovation and optimizing resource allocation.

(1) Technological innovation effect

To confirm whether the environmental tax policy promotes the total factor productivity
of enterprises by stimulating technological innovation, in this section we verify whether
this mechanism was established. The number of patent applications was selected as the
proxy variable of technological innovation. Patent application is an important indicator of
enterprise innovation, which can effectively reflect the output of enterprises under the input
of scientific research personnel and funds. It can directly measure the independent innova-
tion ability of enterprises. In addition, as a kind of green tax system, environment tax is
more rigid than the sewage fee system. Hence, the emission standards of taxable pollutants
have been raised, and higher requirements have been put forward for enterprises. In this
regard, when an enterprise wants to maintain operation and reduce long-term taxable costs,
it may improve the production process from the source and reduce the emission of taxable
pollutants from the end. The source control undoubtedly requires the participation of clean
energy and biomass energy, which requires higher requirements for general enterprises.
Enterprises may choose more end management under conventional energy use, that is, to
carry out green innovation to improve energy utilization efficiency [31]. Hence, in addi-
tion to the general significance of enterprise innovation, the proxy variable data of green
innovation, namely the number of green patents, was screened to conduct empirical tests
to investigate whether environmental tax policies force enterprises to make green transfor-
mation. The detailed results of the regression can be seen in Table 7. Column (1) shows the
test result of independent innovation ability, and Column (2) is the test result of the green
transition trend. The results show that when controlling for time, individual and other
factors, the environmental tax policy promotes technological innovation. The theoretical
hypothesis that environmental taxes affect the total factor productivity of heavily polluting
enterprises through technological innovation has been effectively verified. The results in
Column (2) show that the environmental tax policy has a significant incentive effect on
green innovation in polluting industries whose taxable pollutant collection standards have
been raised, indicating that the environmental tax policy can effectively promote the trend
of green transformation of enterprises.

Table 7. Mechanism analysis.

Technological Innovation Effect Capital Allocation Effect

Explained variables (1) (2) (3) (4)

DID 0.1661 *
(0.0914)

0.0405 **
(0.0193)

0.0506 ***
(0.0140)

0.0901 *
(0.0460)

Fixed effect of the year Yes Yes Yes Yes
Fixed effect of enterprise Yes Yes Yes Yes

Control variable Yes Yes Yes Yes
R2 0.0116 0.0187 0.4751 0.3069

Notes: ***, ** and * indicate the significance levels of 1%, 5% and 10%, respectively.

(2) Capital allocation effect

The main verification is that the environmental tax policy enhances the total factor
productivity of heavily polluting industries by improving the efficiency of capital allocation.
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Referring to the research ideas of Xu et al. [32], two variables, namely enterprise innovation
output (logarithm of patent applications) and R&D investment (logarithm), were intro-
duced as control variables and added to the econometric model equation of the benchmark
regression for regression to see if the regression results are still significant for the sake of
testing whether this conduction mechanism is valid. The main purpose of this research is
to eliminate the technological progress effect of total factor productivity. After removing
the factors of technological progress, whether the environmental tax policy will promote
the total factor productivity by improving the efficiency of capital allocation should be
determined. Detailed regression results can be seen in Table 7, where Column (3) is the
regression result of adding the innovation output of enterprises as the control variable,
and Column (4) is the regression result of adding the R&D investment as the control vari-
able. The result showed that the two regression results are still significant, indicating that
compared with the control group, the environmental tax policy significantly improves the
capital allocation efficiency of enterprises in heavily polluting industries, thus improving
the total factor productivity.

4.4. Analysis of Heterogeneity

Since the implementation of reform and the opening-up policy, the central government
and the local governments at all levels have objectively implemented differentiated policies
for enterprises. Enterprises in different regions and with different property rights directly
or indirectly obtain different preferential policies, such as government subsidies, land
transfers and bank loans. The same policy has different effects in each region due to the
enforcement of regulations and industrial layout. In addition, state-owned enterprises
have special resource advantages in China [33], with relatively stable capital sources and
market occupancy rate. Nonetheless, in contrast, most state-owned enterprises are related
to the national economy and people’s livelihoods. Most of them are concentrated in the
heavy chemical industry, and the overall industrial structure is too heavy, which may be
more affected by environmental protection tax policies. According to the above theory
in terms of the protection tax policy, although enterprises in different regions and types
are treated equally, enterprises in different regions and types bear different burdens of
institutional costs. It is concluded that the introduction of environmental tax policies shows
heterogeneous effects on the total factor productivity of heavily polluting enterprises in
different regions on that score. The following shows two steps of empirical analysis

(1) Regression analysis conducted according to different regions

All provinces are classified as eastern region, central region, western region and
northeast region according to their geographical location. The regression equations in this
part are consistent with the benchmark regression, and two-way fixed effects are used, but
sub-sample regression is performed. According to regression results in Table 8, all regions
are significantly positive at the 1% level, consistent with the baseline regression. There are
some differences in the specific coefficient size. Nevertheless, the total factor production
of enterprises in heavily polluting industries in the eastern region is the least affected by
environmental tax policies, followed by the central region, the northeast region, and the
western region. The western region was the most affected one which is consistent with the
reality in Table 9 that the number of enterprises in heavy-polluting industries in the central
and western regions accounts for the highest proportion.
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Table 8. Heterogeneity analysis.

Region Heterogeneity Equity Heterogeneity

Explained Variables Eastern
Region

Central
Region

Western
Region

Northeast
Region

State-Owned
Enterprise

Non-State-
Owned

Enterprise

DID
0.0621 *** 0.1089 ** 0.1468 *** 0.1209 * 0.1236 *** 0.1209 *
(0.0146) (0.0193) (0.0345) (0.0460) (0.0176) (0.0460)

Fixed effect of the year Yes Yes Yes Yes Yes Yes
Fixed effect of enterprise Yes Yes Yes Yes Yes Yes

Control variable Yes Yes Yes Yes Yes Yes
R2 0.3795 0.3765 0.4936 0.3069 0.3765 0.3987

Notes: ***, ** and * indicate the significance levels of 1%, 5% and 10%, respectively.

Table 9. Heterogeneity analysis.

Heavy Pollution Industry Eastern
Region

Central
Region

Western
Region

Northeast
Region

Quantity 2498 746 715 171
Ratio to the total quantity 18.45% 30.88% 31.10% 23.75%

(2) Regression analysis conducted according to different nature of property rights

Similar to the previous article, according to the existing literature, the enterprises
are divided into state-owned enterprises and non-state-owned enterprises to conduct
two-way fixed-effect regression, and the control variables are consistent with the bench-
mark regression. Table 8 shows that state-owned enterprises with a heavy property right
structure are more affected by environmental tax policies, consistent with the theoretical
assumptions above.

5. Discussion

The improvement of enterprise total factor productivity is the top priority of accel-
erating China’s supply-side structural reform. In this regard, it is necessary to study
the relationship between environmental regulation and total factor productivity of enter-
prises under the background of increasingly severe environmental pollution situations and
increasing resource and environment constraints. Taking the implementation of the Envi-
ronmental Protection Tax Law as a quasi-natural experiment, the DID method was used to
test the impact and mechanism of environmental protection fee change on the total factor
productivity of heavily polluting enterprises based on the data of Shanghai and Shenzhen
A-share listed industrial enterprises from 2015 to 2020. In addition, out-robustness tests
were conducted. The main three valuable findings are as follows:

The first main finding is that the introduction of the environmental tax reform had a
significant positive impact on the total factor productivity of heavily polluting enterprises.
The contradiction between economic development and environmental protection has been
increasingly intense. Hence, the government has adopted a series of ways to regulate
the production mode of enterprises and alleviate environmental pollution. In essence,
environmental regulation provides necessary external conditions for enterprises to improve
production efficiency. The intensity of environmental regulation can promote productivity
growth and improve enterprise competitiveness [34]. The environmental protection tax
reform has increased the intensity of the government’s environmental regulation, as well as
enhanced regulation and penalties on firms, which has forced firms to make adjustments
to their production to meet environmental requirements and drive up their total factor
productivity, thus remaining consistent with the findings of Porter’s hypothesis [35].

The second major finding of this present study: the promotion effect of environmental
tax reform on the total factor productivity of heavily polluting enterprises is mainly through
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improving the level of technological innovation and optimizing the capital allocation of
enterprises. As a green tax system, environmental protection tax raised the emission stan-
dards of taxable pollutants, and higher requirements have been put forward for enterprises.
To maintain operation and reduce long-term taxable costs, enterprises will choose to carry
out green innovation to enhance energy utilization efficiency and reduce taxable pollutant
emissions. Enterprises will also optimize their capital allocation by increasing innovation
output and R&D investment, thus improving total factor productivity.

The third major finding of this present study is that the effect of environmental
tax reform on total factor productivity of heavy-polluting enterprises is heterogeneous.
At the regional level, the (TFP) of enterprises in heavily polluting industries in eastern
China is least affected by environmental tax policies. As for the nature of property rights,
state-owned enterprises with heavy property rights structure have been impacted by
environmental protection tax policies to the maximum. There are great differences in
environmental carrying capacity, economic development degree and industrial distribution
among various regions in China. In this regard, the implementation of environmental
protection policies produces different policy effects in different regions [36]. In addition,
the nature of property rights will lead to the differentiation of R&D investment among
enterprises. In the high intensity environmental regulation, some enterprises tend to
passively pay the environmental protection tax, while other enterprises tend to upgrade
the technology [37]. State-owned enterprises are superior to non-state-owned enterprises
in management, supervision and control and technological innovation. In this case, the
implementation of the environmental protection tax provides strong external conditions
for state-owned enterprises to enhance total factor productivity.

6. Conclusions

In this present study, we found the environmental protection tax reform has a signifi-
cant positive impact on the total factor productivity of heavy-polluting enterprises. The
study found that the environmental protection tax reform has a significant positive impact
on the total factor productivity of heavy-polluting enterprises, and the total factor produc-
tivity of heavy-polluting enterprises increased by 7.39% under the policy. The OP method
and the GMM method were used to re-measure the total factor productivity of heavily
polluting enterprises considering the endogenous problem, and different industry classifica-
tion standards were used to re-test the relationship between them. The result is still robust.
All environmental protection taxes increase the total factor productivity of heavily polluting
enterprises at the significant level of 1%. The promotion effect of environmental protection
tax reform on the total factor productivity of heavily polluting enterprises improves the
level of technological innovation and optimizes the capital allocation of enterprises. In
addition, the impact of environmental protection tax reform on total factor productivity of
heavy-polluting enterprises shows certain heterogeneity. Regional heterogeneity analysis
demonstrates that the total factor productivity of enterprises in heavily polluting industries
in the eastern region was the least affected by environmental tax policies, followed by the
central region, northeast China, and western China. The western region of China has been
most affected. Heterogeneity of the nature of property rights showed that state-owned
enterprises with heavy property rights structure have been impacted by environmental
protection tax policies to the maximum. The most affected western region is 8.47% higher
than the least affected eastern region; Moreover, study on the heterogeneity of property
rights showed that state-owned enterprises with heavy property rights structure were the
most affected by the environmental tax policy, and the influence on state-owned enterprises
was 0.27% higher than that on non-state-owned enterprises.

Still, this research has some limitations. Only the effect of environmental tax reform
on total factor productivity of heavy-polluting enterprises was discussed in the present
study. The development of economy and society is a complex network system. The reform
and promulgation of a policy will have many influences on the development of economy
and society. In this case, future research can be carried out in the following directions:
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First, the impact of environmental tax reform on enterprises’ investment in environmental
protection, energy structure, energy efficiency and employment will be investigated for
the sake of exploring other effects of environmental tax reform enterprises. Second, the
formulation of emission quotas is a vital system design of environmental protection tax
and a crucial factor affecting the implementation effect of the policy. Future studies may
consider the quota aspect in order to develop a more effective and perfect environmental
protection tax system.

7. Implications

The views of the present study are of great significance to better understand the rela-
tionship between the environmental protection tax reform and the total factor productivity
of heavy-polluting enterprises and to deeply understand the influence mechanism of the
environmental protection tax reform on the total factor productivity of heavy-polluting
enterprises. The policy recommendations of the present study are as follows: first, differ-
entiated environmental protection tax system. Environmental protection tax has different
effects on enterprises in different regions and with different natures of property rights. In
order to maximize the policy effect of environmental protection tax, tax policies should
also be different. According to enterprises regional location, policy support and natural
differences in factor endowments, we consider their ability to bear tax burden and give con-
sideration to both efficiency and equity. Plus, the tax system structure should be adjusted
in order to fully explore the innovation ability of enterprises and stimulate their enthu-
siasm for innovation. Second, it is important to enhance enforcement of environmental
protection taxes. Environmental administrative supervision is an important guarantee for
the effective implementation of the environmental protection tax system. The government
should increase the monitoring frequency and intensity of pollution sources for the sake of
ensuring the accurate collection of pollutant discharge information by these enterprises,
expose enterprises that do not comply with trading rules through the media and impose
administrative penalties. The implementation of environmental protection taxes will be
included in the performance evaluation of government officials, and local governments
will be prevented from protecting polluting enterprises. The government should also
optimize and improve the environmental protection tax system, formulate more reason-
able standards for environmental protection tax rates, strengthen coordination between
the environmental protection tax and other environmental protection systems and spark
technological innovation and green transformation of enterprises through government and
enterprise cooperation.
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