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Abstract: Environmental protection is closely related to
high-quality economic developments. Based on the matching
of micro-databases from 2000 to 2008, this study used the
“Regulations on the Collection and Use of Pollution Fees”
policy implemented in China in 2003 as the exogenous impact
to construct the intensity Difference in Differences model in
order to investigate the effects of pollutant discharge fee on
technological innovation of enterprises and the underlying
mechanisms. The results showed that governmental environ-
mental regulations significantly improved the level of tech-
nological innovation of enterprises, and the conclusion was
still valid after a series of robustness tests. The results of
the parallel trend verified the rationality of the differential
setting and the dynamic effects showed that the pollutant
discharge fees had a continuous promoting effect on the tech-
nological innovation of enterprises. The results of the placebo
tests rejected the original hypothesis of the mistaken model.
The mechanism verifications revealed that the strengthening
of environmental regulation by the government acted on the
innovation level of enterprises through the two mechanisms,
i.e., the promotion of enterprises’ fixed asset investments and
government subsidies, and finally improved the enterprises’
technological innovation levels.

Keywords: environmental protection regulation, enterprise
innovation, pollutant discharge fees, differences-in-differences

1 Introduction

The report of the Party’s 20th National Congress proposed
“promoting green development and promoting harmo-
nious coexistence between human and nature,” which
highlighted the need to further promote the prevention
of environmental pollution, to carry out the treatments
of new pollutants, and to promote the improvements of
urban and rural living environments. As we can see, pro-
moting economic development also needs to promote the
green and healthy development of society and the ecolo-
gical environments. As the saying goes, “lucid waters and
lush mountains are invaluable assets.” We should stick to
the path of green development and jointly build a founda-
tion for ecological civilization. In China, the will of the
government plays a major role in environmental regula-
tions. On the one hand, the government as the designer of
environmental regulations restricts the behaviors of market
players. On the other hand, the central government will also
send environmental inspection teams to supervise and
inspect the implementations of central environmental poli-
cies by local governments. As a very important part of
society, the main purpose of enterprises is to make profits.
Environmental regulatory policies can affect their costs and
profits, thus having a significant impact on them. In 2003,
the Chinese government implemented the Regulations on
the Management of the Collection and Use of Pollutant
Discharge Fees. Notably, as the first related policy on the
national level, the environmental regulations provide us
with a good opportunity for quasi-natural experiments to
identify the impact on micro market players and help us to
identify the impact on enterprise technological innovations
by using Difference in Differences (DID) method.

According to traditional economic theories, increasing
investments in environmental protection will increase the
operating costs and social values, and reduce the overall
competitiveness of enterprises, which may hinder their
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further development (Wang & Wan, 2011). However, Porter’s
hypothesis (Porter & van der Linde, 1995) believes that enter-
prises’ compliance with the government’s environmental reg-
ulations not only does not increase their operating costs but
also promotes their technological innovation and brings
greater benefits, thus occupying a competitive position for
enterprises in the international market. Can the environ-
mental regulations formulated by the Chinese government
promote the innovation of enterprise? What is the impact
of environmental regulation on micro-market players? These
are the questions to be answered in this study. We took the
pollutant discharge fee implemented by the Chinese govern-
ment in 2003 as a quasi-natural experiment and used the
relevant data of the industrial enterprise database, the pollu-
tion database, and the enterprise innovation database of
China to study the impact of environmental protection rules
on enterprise technological innovation, which might help to
put forward relevant policy suggestions based on our study.

This study identifies the causal effects of environmental
protection tax from three aspects: research perspective,
research method, and action mechanism. To identify the
causal effects, we took the promulgation of the Regulations
on the Administration of the Collection and Use of Pollutant
Discharge Fee (hereinafter referred to as “Pollutant Discharge
Fee”) in 2003 as a quasi-natural experiment and used policy
evaluations to get the impact on enterprise innovation. In
terms of research methods, we used the DID method to ana-
lyze the enterprise micro database, avoided the endogeneity
and missing variable bias, and thus obtained a robust consis-
tent estimator. In terms of the mechanisms, we explored the
mechanism of enterprise investment and government sub-
sidy, and then explored the impact on innovation from the
perspective of enterprise operation decisions, which are
important marginal contributions of this study.

The following contents of this manuscript are the insti-
tutional background and literature review (Section 2), the
mechanism analysis (Section 3), the data processing and
model setting (Section 4), the basic regression and robust-
ness tests (Section 5), the heterogeneity analysis (Section 6),
the mechanism verifications (Section 7), and the conclu-
sions and policy recommendations (Section 8).

2 Institutional Background and
Literature Review

2.1 Institutional Background

Since the twenty-first century, the awareness of environ-
mental protection has been deeply rooted in various fields

such as economy, culture, and politics. As early as 1979,
China promulgated the “Environmental Protection Law
of the People’s Republic of China (Trial)” for the first
time and began to collect a certain amount of pollution
discharge fees, but this is only implemented in local areas
and regions and has not been really carried out throughout
China. In 1982, the Interim Measures for Collecting Pollutant
Discharge Fees were subsequently promulgated, which were
not well implemented due to various subjective and objective
limitations. Until the party’s 16 national Congress, a new gen-
eration of central leadership proposed “harmonious develop-
ment of human and nature,” and paid great attention to
ecological protection, and implemented the “Regulations on
the collection and use of pollution fees” in 2003, which was a
milestone in the field of environmental protection, marking
the beginning of the nationwide environmental regulation
implementation. As it was issued by the State Council, the
implementation was mandatory and rigid throughout China,
and the punishment for pollution emission of enterprises was
very severe stipulating one–three times fines and forced sus-
pension of production. This is the first time that legislation has
been used to regulate environmental pollution and bring
out remarkable outcomes in China. The JiangSu Provincial
Department of Environmental Protection has formulated
the “Jiangsu Province Measures for the Issuance and
Management of Pollutant Discharge Permits (Trial)” to
standardize the behavior of pollutant discharge permits
and strengthen the management of pollutant discharge
permits. Through the implementation of policies, the
innovation level of enterprises in the region has been
significantly improved.

We collected data related to pollution discharge from
2001 to 2008 from the official website of the Ministry of
Ecological and Environmental Protection of China. Figures 1
and 2 show the content of heavy metals, and the emission of
sulfur dioxide and industrial dust in wastewater discharge,
respectively. It can be seen from the figure that before the
introduction of government environmental regulation in
2003, the emission of pollutants was on the rise. However,
after the government imposed the discharge fee in 2003, the
discharge of pollutants such as wastewater, waste gas, and
industrial dust decreased significantly, indicating that enter-
prises significantly reduced the discharge of pollutants after
the government imposed the discharge fee, and the dis-
charge regulations played a significant role in reducing
pollution and protecting the environment. After the imple-
mentation of the Chinese government’s environmental pro-
tection policies in 2003, the pollutant emissions of enterprises
significantly decreased. However, this undoubtedly increased
the cost burden on enterprises. So what impact does this have
on their technological innovation.

2  Yuxing Wang et al.



2.2 Literature Review

2.2.1 The Impact of Environmental Regulation on the
Performance of Enterprises

Optimizing the business environments of enterprises has a
great impact on enterprise performance, while the impact
of environmental regulation on enterprise performance
remains unclear. Current research results are mainly cate-
gorized into the following two aspects. First, the implemen-
tation of environmental regulations by the government
will increase the production cost of enterprises, which
has a negative impact on the performance of enterprises.

Jie et al. (2014) found that government environmental
regulation would increase the cost of production and opera-
tion of enterprises, thus having a negative impact on enter-
prise performance. Second, government environmental
regulation has a positive impact on enterprise perfor-
mance by promoting technological innovations and increasing
enterprise production efficiencies. Ma et al. (2012) found that
the positive effect of environmental regulation through tech-
nological innovation exceeded the negative effect caused by
increased cost, which finally led to the increase of industrial
performance. Yang and Peng (2021) found that environmental
regulations have a positive impact on corporate performance.
Similarly, Liu Xuezhi et al. (Liu & Duan, 2021) used the DID

Figure 1: Heavy metals in wastewater discharge from 2001 to 2008 in China.

Figure 2: The emission of sulfur dioxide and industrial dust from 2001 to 2008 in China.
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model to verify the positive impact of environmental regula-
tions in the current period on enterprise performance in the
following period. Javeed et al. (2020) studied the manufac-
turing industry in Pakistan and found that after considering
the degree of product market competition, the promoting
effect of environmental regulations on corporate performance
is strengthened; Li et al. (2020) found that after considering the
impact of organizational redundancy, it strengthened the
effect of voluntary regulation on promoting green innovation.

2.2.2 The Impact of Environmental Regulation on the
Innovations of Enterprises

Technological innovations are the major content and the
core driving force of the development of enterprise. Due to
its high investment, long time cycle, etc., enterprise tech-
nology innovation level is greatly influenced by internal
resource allocation, external social financial support, and
local environmental policies. Therefore, the changes in the
intensity of regional environmental regulation will have a
great impact on the production cost and financing constraints
of enterprises, which might further affect the technological
innovation level of enterprises. Reportedly, environmental
regulation might reduce the capital flow and increase the
financing constraints by increasing the production costs of
enterprises, thus inhibiting the technological innovation of
enterprises (Bi & Li, 2020; Liu & Ran, 2016).

Domestic and foreign scholars have made rich achieve-
ments in the research on the impact of environmental reg-
ulation policies on enterprise innovations, but there is no
unified opinion. Some scholars admitted that environmental
regulations such as emission tax and pollution permit have
a positive impact on promoting the technological innovation
of enterprises (Villegas-Palacio & Coria, 2010). Langpap and
Shimshack (2010) took water pollution treatment in the
United States as the research object and found that public
participation regulation tools played a crucial role in pre-
venting water pollution. However, some other scholars hold
opposite views on this issue. On the one hand, the imposi-
tion of pollution tax and the improvement of emission stan-
dards both reduce the expected returns of enterprises’
research and development, which makes enterprises have
to reduce their investment in research and development.
Therefore, strict environmental regulation will reduce enter-
prises’ technological innovations (Antweiler et al., 2001). On
the other hand, environmental regulation is equivalent to
imposing new constraints on the production decision-making
of enterprises, which will hinder the technological progress of
enterprises (Becker, 2011; Lanoie et al., 2011). Other scholars
believe that the impact of environmental regulation on

technological innovation depends on the game of different
forces. According to Porter’s hypothesis, the impact of envir-
onmental regulation on enterprise innovation depends on
the game between “innovation compensation effect” and
“compliance cost effect.” Appropriate environmental regula-
tion policies can reduce the uncertainty of enterprises’
future expectations through strict policies, and force enter-
prises backward to carry out technological innovations. In
this case, the production capacity of enterprises can also be
improved. Specifically, Calel and Dechezlepretre (2011) took
the Emissions Trading System of the European Union as the
research object and found that the technological innovation
level of enterprises regulated by environmental regulations
had been improved.

Some scholars are concerned that the intensity of
environmental regulations will change in stages with dif-
ferent time (Tong & Zhang, 2012). Specifically, although the
cost of enterprises will increase in the short term along
with the increases of the intensity of environmental regu-
lations (Miao & Su, 2019; Zhao et al., 2019), the enterprises
will be forced to improve their industrial structures and
technological innovation levels in the long term (Den &
Wang, 2021; Lv & Huang, 2021). Therefore, scholars have
conducted relevant studies on the nonlinear relationship
between environmental regulation intensity and enter-
prise innovation and found that the relationship shows a
significant U-shaped curve (Feng & Jia, 2021; Fan et al., 2021;
Wang et al., 2021), while other scholars found that the
relationship between environmental regulation and enter-
prise technological innovation presents an inverted “U”
shaped curve and an inverted “N” shaped curve (Wang &
Liu, 2014; Yu et al., 2019; You & Li, 2022). Kesidou et al.
argue that manufacturing enterprises located in regions
with stricter environmental regulations have stronger
technological innovation effects and can generate more
green patents. Sun et al. conducted a study using data
from 132 companies in 16 highly polluting industries in
China and found that environmental regulations have a
promoting effect on green technology progress, and com-
panies pay more attention to research and development
investment in environmental protection; Lanoie et al. stu-
died enterprises in seven OECD countries and found that
strict regulations can promote innovation (Kesidou & Wu,
2020; Lanoie et al., 2011; Sun et al., 2019).

Presently, there are many types of environmental reg-
ulations implemented in China, and different types of
environmental regulations have significant heterogeneity
on the innovation level of enterprises. Among them, the
number of environmental legislation and the amount of
pollutant discharge charges have a significant effect on the
improvement of enterprises’ green technology innovation
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(Hua & Li, 2022; Jin et al., 2022; Zhang et al., 2021). In addition,
the implementation of environmental regulations is greatly
influenced by the government’s financial policies in China.
The financial system in China is a combined system of poli-
tical centralization and economic decentralization, which is
influenced by the pressure of “promotion tournaments” of
various regions. Local governments should not only main-
tain the growth of local economies but also protect local
environments. Therefore, the impact of environmental reg-
ulation on the level of technological innovation of enter-
prises is closely related to the financial policies of local gov-
ernments (Wu & You, 2019).

Collectively, there is no unified conclusion yet about the
relationship between environmental protection regulation
and enterprise technological innovation based on current
studies, and the content of causal inference was not involved
in relevant discussions, which has a strong endogeneity pro-
blem. In terms of the mechanisms, the current studies have
not explored the impact on enterprise technological innova-
tion from the perspective of enterprise operation decisions.
(Griffith & Reenen, 2021; Guo & Liang, 2022).

3 Mechanisms Analysis

In order to pursue more profits, enterprises will constantly
update technologies and improve the level of innovation.
Generally speaking, government environmental regulations
affect the export behaviors of enterprises mainly by encoura-
ging enterprise innovation and promoting the increase of
enterprise intermediate product input, so as to promote
enterprises to increase the added values of export products
and thus improve the quality of export products (Figure 3).

3.1 Enterprise Investment Mechanism

The nationwide environmental regulations are equivalent
to strong constraints on companies, which force companies

to make relative reactions under such conditions. On the
one hand, the overall costs of enterprises will increase
according to government’s strict environmental regula-
tions. Briefly, enterprises have to increase investments in
sewage equipment and improve production efficiencies in
order to reduce production costs, which results in the
increase of the fixed assets of enterprises in the book as
the fixed assets investments. On the other hand, enter-
prises will pay more attention to the efficiencies of capital
use, especially the efficiencies of investments. Briefly, enter-
prises would use limited resources intensively in the pro-
duction fields, reduce the unit energy consumption and
emissions of products, increase the unit investment efficien-
cies of products, and use the least resources to create the
maximum value. In this chain, the government’s environ-
mental regulations will increase the investment in fixed
assets of enterprises. The increase of fixed assets improves
the book value of enterprises and is conducive to promoting
unit product investment efficiencies, improving the innova-
tion degree and technological content of enterprises, and
finally promoting the improvement of enterprise technolo-
gical innovations.

3.2 Government Subsidy Mechanism

Notably, the Interim Measures for Collecting Pollution
Charges issued in China in 2003 provided incentives for
enterprises that complied with environmental protection
emission standards or voluntarily reduced pollution emis-
sions. Moreover, the purchase of energy-saving and emis-
sion-reduction equipment can be deducted from the input
tax. All these have greatly reduced the production costs of
enterprises. On the one hand, the government’s subsidized
policies and subsidies for enterprises’ environmental pro-
tection reduced the cost of enterprises, increased the pro-
portion of factor input, improved the production efficiencies
of enterprises, and promoted the enthusiasm of enterprises
to invest in the field of technological innovations. On the

Figure 3: Mechanisms of environmental regulation on the level of enterprise innovation.
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other hand, the funds available to enterprises have actually
increased, and more funds can be used in the field of tech-
nology investment and research studies. Under such condi-
tions, enterprises can be encouraged to improve the level of
technological innovation.

4 Data Processing and Empirical
Model

4.1 Data Sources

In this study, the China Industrial Enterprise Database,
China Enterprise Pollution Database, and China Enterprise
Innovation Database from 2000 to 2008 were used including
a total of 32,035 observed values. Briefly, the database of
Chinese industrial enterprises contains the basic informa-
tion of state-owned enterprises and private enterprises
above the designated size, including financial indicators,
registration information, year of establishment, sales infor-
mation, and cost information, which provides detailed data
for our study of micro-enterprises. The Chinese Enterprise
Pollution Database contains detailed data on pollution emis-
sion indicators of micro-enterprises, including exhaust gas,
wastewater, industrial dust, and other pollution indicators.
The enterprise innovation database contains the innovation
indicators of micro-enterprises, including the number of
patents granted and the number of patent applications.

4.2 Model of Measurement

In this study, the DID method is adopted to study the
impact of the pollutant discharge fee implemented in
2003 on enterprise innovations, which is conducive to alle-
viating the possible endogeneity and missing variable bias.
Because the pollutant discharge fee in 2003 was rolled out
all at once without a pilot, we could not distinguish the
treatment group and the control group according to the
ordinary DID method. To solve this problem, we grouped
the enterprises according to the median emission intensity
of pollutants and then distinguished the treatment group
and the control group. For this purpose, we established the
DID model of intensity as follows:

= + × + + + + +α α γX δ σ θ εlnnova treat post .ict ict i c t it0 1

Specifically, lnnovaict represents the innovation level
of the ith enterprise of city c in the year t. treat is the

divided intensity based on the median amount of pollution
discharge, i.e., those that are greater than or equal to the
median amount belonged to the treatment group, and
those that are less than the median amount belonged to
the control group. post is the virtual group when the pollu-
tion discharge fee is promulgated, i.e., those that are
greater than or equal to 2003 were marked as 1, and those
that are less than 2003 were marked as 0. Xict represents a
series of control variables at the city level and the enter-
prise level. δi represents the fixed effects of individual
enterprises. σc represents the fixed effects at the city level.
θt represents the fixed effects at the control time level. εit is
the random disturbance term. α1 is the regression coeffi-
cient of DID that we were interested in.

4.3 Explained Variable

In this study, the logarithm of the number of patents and the
logarithm of R&D expenditure were used as the explained
variables. Specifically, the logarithm of the number of
patents was used as the result of baseline regression,
and the logarithm of R&D expenditure was used as the
control index of robustness test.

4.4 Core Explanatory Variable

In this study, the pollution emission intensity of enter-
prises was established as the core explanatory variable.
After the standardization of wastewater, waste gas, solid
pollutants, and sulfur dioxide, the overall pollution emis-
sion index was synthesized by weighting. Then, the data of
pollution emission indexes were arranged, i.e., those that
are greater than or equal to the median amount belonged
to the treatment group, and those that are less than the
median amount belonged to the control group. The rele-
vant variable names and statistical descriptions are shown
in Table 1.

5 Main Results

5.1 Baseline Results

This study adopted the Chinese industrial enterprise data-
base, pollution database, and enterprise innovation data
from 2000 to 2008, including 32,035 observed values to
identify the DID model. The estimated results are shown
in Table 2. Specifically, the explained variable is the

6  Yuxing Wang et al.



innovation level of the enterprise, and (1) is the logarithm
of R&D expense as the regression result of the explained
variable, and (2) is the regression result of control vari-
ables at the enterprise level added on the basis of (1),
and (3) is the regression result of patent logarithm as the
explained variable.

Results of the basic regression showed that the coeffi-
cients were significantly positive, and all passed the 1%
level test. In addition, when controlling variables at the
enterprise level such as asset-liability ratio, enterprise
size, enterprise life, and enterprise profit rate were added,
there was no significant change in the results, and the
coefficient was still significantly positive, indicating the
robustness of the conclusion. Collectively, we concluded
that the environmental regulation of pollutant discharge
fees introduced by the Chinese government in 2003 had
significantly improved the innovation level of enterprises.

5.2 Dynamic Effect and Parallel Trend Test

The premise of applying the DID method is that the treat-
ment group and the control group have the same develop-
ment trend before the policy shock. This study used the
Event Study method reported by Jacobson et al. (1993) to
verify the parallel trend of the DID model and further dis-
cussed the dynamic effects of policy shocks on this basis.
The specific estimation is as follows:

∑= + × + + + +

+
≥−

α β D γX δ σ θ

ε

lnnova treat

.

ict k

k

it t

k

ict i c t

it

0

2

3

Table 1: Variable names and statistical descriptions

Variable name Observations Mean Standard deviation Min Max

lnyf 32,035 0.5963 2.079 0 14.3
lnzl 32,035 0.1949 0.6339 0 7.724
did 32,035 0.29 0.4539 0 1
size 31,995 11.6477 1.498 0 18.96
lnL 27,960 6.185 1.1838 0 11.3122
lev 31,995 0.5737 0.2913 −0.2824 9.844
finance 31,947 0.036636 1.649 −287.25 62.428
age 32,004 16.07 30.598 0 2008
lnwage 25,769 2.616 0.6998 −5.2 7.529
sub 26,237 0.0032 0.0628 −0.18 7.59
lnkl 27,909 4.313 1.26 −3.4 10.9
profit 31,995 0.1977 27.954 −2.37 5,000
kc 28,405 3.3 449.872 0 75,820

Table 2: Regression results of basic variables

Variable (1) (2) (3) (4)
R&D
expenses

Add
control
variable

Number
of patents

Add
control
variable

lnyf lnyf lnzl lnzl

did 0.506*** 1.172*** 0.089*** 0.112***
(0.049) (0.110) (0.014) (0.019)

size 0.698*** 0.113***
(0.089) (0.016)

lnL 0.075 0.037**
(0.091) (0.016)

lev 0.374*** −0.015
(0.134) (0.024)

finance 0.034 0.003
(0.021) (0.004)

age −0.000 −0.000
(0.001) (0.000)

lnwage 0.086* 0.015
(0.047) (0.009)

sub −0.073 0.030*
(0.106) (0.017)

lnkl 0.022 0.006
(0.062) (0.011)

profit 0.189* 0.016
(0.113) (0.021)

kc −0.008 −0.003
(0.012) (0.002)

Constant 0.473*** −8.449*** 0.173*** −1.432***
(0.015) (0.889) (0.004) (0.172)

Observations 30,462 20,145 30,462 20,145
R-squared 0.476 0.592 0.669 0.681

Notes: *, **, and *** indicate statistical significance at the 10, 5, and 1%
levels, respectively.
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Specifically, treatit is the pollution emission of the ith
enterprise in the year t. D

t

k is the virtual event time vari-
able with a value of 0 or 1. When k < 0, D

t

k is taken as 1 in
the kth year before the policy impact; otherwise, it is taken
as 0; when k > 0, take 1 in the kth year after the policy
shock occurs, otherwise take 0; when k = 0, D

t

k is taken as 1
in the year when the policy impact occurs, otherwise, it is
taken as 0. In order to simplify the analysis, the case of k ≤

−2 is considered as k = −2; that is, the corresponding D
t

k of
the 2 years before the policy impact is taken as 1; other-
wise, it is taken as 0. In the regression, k = −1 is taken as the
benchmark group, and the regression coefficient βk repre-
sents the difference between the treatment group and the
control group 1 year before the policy impact.

Figure 4 shows the test results of the parallel trend
from 2001 to 2006. The point in the graph represents the
βk estimate, and the dotted line passing through the point
and perpendicular to the X-axis represents the 95% hori-
zontal confidence interval. The X-axis represents the esti-
mated value of βk from 2001 to 2006, and the policy
occurred at the year 2003. As shown in Figure 4, the esti-
mated value of βk at the year 2001 and 2002 fluctuates
around 0, and the width of the corresponding 95% level
confidence interval is wide and crosses 0, and the difference
between the treatment group and the control group has not
changed significantly. Collectively, the above results indi-
cated that the parallel trend test has been passed.

From 2003 to 2006, the enterprises in the treatment
group and the control group started to open a gap after
the promulgation of the Regulations on the Collection and
Use of Pollution Discharge Fees, indicating that the effects
were brought about by the impact of the policy. In addi-
tion, Figure 4 also reflects the impact of the promulgation
of the Regulations on the Collection and Use of Pollution
Discharge Fees in 2003 on the level of technological inno-
vation of enterprises. Currently, the estimated value of βk
from 2003 to 2006 are all significantly positive, indicating
that the promulgation of the pollution charge policy has
promoted the innovation level of enterprises.

5.3 Robustness Test

Although the previous parallel trend test and DID results
showed that environmental regulations have significantly
improved the level of technological innovation of enterprises,
it is still impossible to completely eliminate the endogenous
problems caused by measurement errors and enterprise self-
selection. In order to determine the reliability of the research
results, we conducted a series of robustness tests.

5.3.1 Placebo Test

All the enterprises in 2003 from the overall panel data were
selected with randomly selected 50% of them and matching
them with the overall panel data. The 50% of the enter-
prises selected were used as the experimental group, and
the rest were used as the control group. On this basis, DID
processing was performed, and the processes were repeated
for 200 times. The final results with the results of 200
random processes are shown in Figure 5. The X-axis repre-
sents the size of the estimated coefficient of the “pseudo
policy dummy variable,” and the Y-axis represents the size
of the density value and p value. The curve is the kernel
density distribution of the estimated coefficient, the dot is
the p value corresponding to the estimated coefficient, the
vertical dotted line indicates the real estimated value (i.e.,
0.112) of the DID model, and the horizontal dotted line is the
significance level (i.e., 0.1). The estimation coefficients are
mostly concentrated near zero, and most of the p statistics
are greater than 0.1. The true estimates of the DID model
belong to obvious outliers, indicating that our regression
results passed the placebo test.

5.3.2 Robustness Test of the Explained Variable

The first method is to shrink the tail of the explained vari-
able. We shrank the tail of the explained variable by 1%.
Column (1) is the result of shrinking the tail of the enter-
prise’s R&D expense data, and Column (2) is the result of
shrinking the number of enterprise patents. Results showed
that the regression results of the explained tail shrinking
treatment were significantly positive, which were consistent

Figure 4: Parallel trend test chart from 2001 to 2006. Notes: The solid line
plots the point estimation coefficient, and the dashed lines denote the
95% confidence interval.
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with the benchmark regression results and further proved
the robustness of the regression results.

5.3.3 Exclude Bankrupt Enterprise Data

The second method is to exclude bankrupt enterprise data.
To further explore the impact of the environmental regula-
tion policies of the National Regulations on the Collection
and Use of Pollution Discharge Fees in 2003 on the level of
enterprise technological innovation, we replaced the sample
with enterprises that only retain sustainable operation and
removed the R&D expenses and enterprise patent data of
bankrupt enterprises from the sample data during the
entire sample period because sustainable developments
are worthwhile goals of enterprises. Columns (3) and (4) of
Table 3 are the regression results after excluding the bank-
rupt enterprises in the sample period. It can be found that
the results are significantly positive and consistent with the
benchmark regression results, further proving the robust-
ness of the regression results.

5.4 Analysis of Heterogeneity

5.4.1 Heterogeneity of Enterprise Ownerships (State-
Owned Enterprises vs Private Enterprises)

In China, whether the effect of environmental regulations
on enterprise technological innovation is different among
enterprises of different ownerships (i.e., state-owned enter-
prises and private enterprises) remains unclear. Generally

speaking, state-owned enterprises are more closely con-
nected with the government with quite different

Figure 5: Placebo test.

Table 3: Robustness tests excluding bankrupt enterprise data

Variable (1) (2) (3) (4)
Robustness test of the
explained variable

Exclude bankrupt
enterprise data

new_lnyf new_lnzl lnyf lnzl

did 1.122*** 0.108*** 1.167*** 0.119***
(0.128) (0.021) (0.132) (0.024)

size 0.641*** 0.094*** 0.662*** 0.100***
(0.103) (0.018) (0.106) (0.019)

lnL 0.002 0.017 0.026 0.027
(0.104) (0.017) (0.109) (0.019)

lev 0.363** −0.026 0.382** −0.027
(0.159) (0.025) (0.162) (0.026)

finance 0.014 0.003 0.015 0.003
(0.020) (0.004) (0.020) (0.004)

age 0.000 −0.000 0.000 −0.000
(0.000) (0.000) (0.000) (0.000)

lnwage 0.101* 0.007 0.114** 0.010
(0.052) (0.009) (0.054) (0.010)

sub −0.038 0.004 -0.033 0.007
(0.116) (0.009) (0.117) (0.008)

lnkl −0.026 0.001 −0.023 0.001
(0.072) (0.012) (0.075) (0.013)

profit 0.076 0.014 0.079 0.014
(0.107) (0.020) (0.109) (0.021)

kc −0.002 −0.001 −0.003 −0.002
(0.007) (0.001) (0.008) (0.002)

Constant −7.194*** −1.054*** −7.644*** −1.187***
(1.045) (0.183) (1.088) (0.198)

Observations 14,748 14,748 14,748 14,748
R-squared 0.611 0.675 0.613 0.705

Notes: *, **, and *** indicate statistical significance at the 10, 5, and 1%
levels, respectively.
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management structures, operation modes and the degrees
of government intervention compared with private enter-
prises. After the implementation of the environmental reg-
ulation policies, state-owned enterprises shoulder greater
social responsibilities, face higher social supervision pressures,
and have to improve R&D investments. Comparatively, private
enterprises will generally adopt the strategy of technology
upgrading to integrate enterprise development with environ-
mental protection and improve their innovation abilities after
the implementation of environmental regulation policies
because private enterprises aremore subject tomarket com-
petition pressures.

In this study, the enterprise samples were divided into
state-owned enterprises and private enterprises, and the
results of the heterogeneity of enterprise characteristics
are shown in Table 4. Briefly, columns (1) and (3) are the
regression results of private enterprises, and columns (2)
and (4) are the regression results of state-owned enter-
prises. Results showed that the regression coefficient of
R&D expenditure of enterprises is significantly positive
regardless of state-owned enterprises or private enterprises.

However, in terms of the number of enterprise patents, only
private enterprises are significantly positive, which indicated
that environmental regulation can increase the number of
patents of private enterprises probably because private enter-
prises face greater pressure from market competition and
need to improve their technological innovation level to gain
market competitive advantages.

5.4.2 Heterogeneity of Different Regions in China
(Coastal Enterprises vs Inland Enterprises)

The regional imbalance of economic and social develop-
ment is obvious in China. Different geographical locations
have different resources and technological elements, and
the role of environmental regulation may also be different.
According to the classification standard of HYT094-2006
Classification and Code of Coastal Administrative Regions
(issued by the State Oceanic Administration in 2006), the
enterprise samples were categorized into coastal enter-
prises and inland enterprises, and regressions were

Table 4: Heterogeneity of enterprise ownerships (state-owned enterprises vs private enterprises)

Variable (1) (2) (3) (4)
Private enterprise State-ownedenterprise Private enterprise State-ownedenterprise
lnyf lnyf lnzl lnzl

did 0.493*** 1.370*** 0.066*** 0.076
(0.109) (0.375) (0.019) (0.068)

size 0.591*** 1.740*** 0.080*** 0.311***
(0.087) (0.289) (0.015) (0.070)

lnL 0.233*** 0.499* 0.039*** 0.065
(0.087) (0.283) (0.015) (0.070)

lev 0.064 0.693* −0.030 0.024
(0.141) (0.355) (0.025) (0.078)

finance −0.001 −0.301 −0.002 −0.216*
(0.020) (0.297) (0.004) (0.126)

age −0.001 0.002** 0.000 0.000
(0.001) (0.001) (0.000) (0.000)

lnwage 0.108** 0.259** 0.011 0.003
(0.049) (0.130) (0.010) (0.031)

sub 0.024 −1.945 0.014** 0.503
(0.150) (1.658) (0.006) (0.382)

lnkl 0.028 −0.061 0.010 −0.041
(0.064) (0.200) (0.011) (0.046)

profit −0.008 0.652 -0.011 0.260
(0.106) (0.938) (0.020) (0.222)

kc −0.058 −0.000 −0.008 −0.002
(0.045) (0.004) (0.008) (0.001)

Constant −7.873*** −25.065*** −1.069*** −3.860***
(0.886) (2.706) (0.171) (0.659)

Observations 15,516 4,160 15,516 4,160
R-squared 0.585 0.781 0.693 0.708

Notes: *, **, and *** indicate statistical significance at the 10, 5, and 1% levels, respectively.
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conducted respectively. The results are shown in Table 5.
Briefly, columns (1) and (3) are inland enterprises, and
Columns (2) and (4) are the regression results of coastal
enterprises. Results showed that the regression coefficient
of enterprise R&D cost and the number of patents is sig-
nificantly positive, both for inland enterprises and for
coastal enterprises, and has passed the 1% robustness
test. In terms of R&D cost, coastal enterprises play a
stronger role in promoting the number of patents. In terms
of the number of patents, the number of patents of inland
enterprises is higher than that of coastal enterprises due to
the larger size of scientific research institutions such as
research institutes in inland areas.

5.4.3 Heterogeneity of Whether it is an Export Enterprise
(Export Enterprises vs Nonexport Enterprises)

The differences between export enterprise and nonexport
enterprise have always been the discussion subjects and
research topics in the field of microeconomics. Therefore,
enterprise samples were categorized into export enterprises

and nonexport enterprises and regressions were conducted
respectively. The results are shown in Table 6. Briefly, col-
umns (1) and (3) are the regression results of nonexport
enterprises, and columns (2) and (4) are the regression
results of export enterprises. Results showed that the regres-
sion coefficients of export enterprises and nonexport enter-
prises are significantly positive in terms of R&D costs, while
the nonexport enterprises are not significant in terms of the
number of exclusive interests. Compared with nonexport
enterprises, environmental regulation policies have a greater
impact on export enterprises probably because the imple-
mentation of environmental regulation policies has a greater
impact on China’s export enterprises’ technological innova-
tion activities through the “reverse force effect of green trade
barriers,” “export learning effects,” and “competition effects.”

6 Underlying Mechanisms

This study explored the impact of the environmental reg-
ulation policies of “Regulations on the Collection and Use of

Table 5: Heterogeneity of different regions in China (coastal enterprises vs inland enterprises)

Variable (1) (2) (3) (4)
Inland enterprises Coastal enterprises Inland enterprises Coastal enterprises
lnyf lnyf lnzl lnzl

did 0.997*** 1.030*** 0.117*** 0.089***
(0.197) (0.138) (0.034) (0.023)

size 0.983*** 0.548*** 0.148*** 0.092***
(0.171) (0.105) (0.031) (0.019)

lnL −0.225 0.252** 0.043 0.035*
(0.168) (0.109) (0.032) (0.018)

lev 0.613** 0.288* −0.007 −0.015
(0.245) (0.155) (0.044) (0.030)

finance −0.001 −0.016 −0.001 0.009
(0.015) (0.055) (0.002) (0.010)

age 0.000 −0.006 −0.000 −0.000
(0.000) (0.006) (0.000) (0.001)

lnwage 0.051 0.069 0.016 0.011
(0.084) (0.057) (0.017) (0.011)

sub −0.004 0.241 0.026*** 0.283
(0.049) (1.927) (0.010) (0.197)

lnkl −0.152 0.095 −0.011 0.013
(0.113) (0.075) (0.021) (0.013)

profit 1.295** −0.079 −0.016 0.048
(0.548) (0.285) (0.114) (0.050)

kc −0.080*** −0.004 −0.011** −0.003
(0.030) (0.010) (0.005) (0.002)

Constant −9.210*** −7.885*** −1.831*** −1.191***
(1.598) (1.068) (0.324) (0.197)

Observations 7,432 12,709 7,432 12,709
R-squared 0.626 0.569 0.662 0.696

Notes: *, **, and *** indicate statistical significance at the 10, 5, and 1% levels, respectively.
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Pollution Discharge Fees” promulgated in China in 2003
on the level of technological innovation of enterprises
through rich identification tests and a series of robustness
analyses. Next, we continued to investigate the specific
transmission mechanism how the introduction of environ-
mental regulation policies on pollution charges affects
enterprise innovation.

6.1 Enterprise Investment Incentives

In order to investigate the underlying mechanisms, this
study uses the logarithm of the enterprise’s fixed assets
as the explained variable and regresses the interaction
item treat* post. The model is as follows:

= + × + + + + +α α γX δ θ μ εlninvt treat post .ict ict i c t ict0 1

Specifically, lninvtict represents the logarithm of fixed
assets of the ith enterprise of city c in the year t. Other
indicators are consistent with the benchmark regression

model. The corresponding regression results are shown in
columns (1) and (2) of Table 7. Results showed that the
enterprise fixed assets were the explained variable in the
regression, and the regression coefficient of the interaction
item treat * post was positive and passed the 1% signifi-
cance test. After the government issued the environmental
regulation policy of Pollution Discharge Fee, enterprises
were subject to strict restrictions on the discharge of waste-
water, waste gas, and solid waste, and had to increase their
investment in pollution control equipment, so as to improve
the technological innovation level of enterprises through the
increase of their fixed assets.

6.2 Government Subsidy Incentive

The R&D activities of enterprises will be affected by gov-
ernment policy incentives. The Pollution Discharge Fee
policy is essentially a punitive measure for enterprises
with high pollution, and there are preferential policies

Table 6: Heterogeneity of whether it is an export enterprise (nonexport enterprises vs export enterprises)

Variable (1) (2) (3) (4)
Nonexport enterprises Export enterprises Nonexport enterprises Export enterprises
lnyf lnyf lnzl lnzl

did 0.755** 1.268*** 0.020 0.119***
(0.364) (0.120) (0.065) (0.021)

size 0.598** 0.717*** 0.025 0.126***
(0.285) (0.101) (0.053) (0.019)

lnL 0.130 0.130 0.084 0.038**
(0.283) (0.102) (0.052) (0.018)

lev 0.684* 0.374** −0.009 −0.012
(0.402) (0.148) (0.098) (0.025)

finance 0.605 0.048** 0.024 0.003
(0.698) (0.022) (0.057) (0.004)

age −0.010 −0.000 0.003 −0.000
(0.014) (0.001) (0.002) (0.000)

lnwage 0.083 0.115** 0.015 0.015
(0.153) (0.054) (0.031) (0.011)

sub 2.879 −0.079 0.071 0.029**
(6.590) (0.104) (0.929) (0.013)

lnkl −0.124 0.097 0.038 0.010
(0.155) (0.073) (0.031) (0.013)

profit −0.582 0.263** −0.342* 0.017
(0.747) (0.120) (0.196) (0.021)

kc 0.009*** −0.085 −0.001*** −0.015
(0.001) (0.052) (0.000) (0.009)

Constant −7.273** −9.351*** −0.842* −1.611***
(2.960) (1.005) (0.482) (0.201)

Observations 1,656 17,497 1,656 17,497
R-squared 0.636 0.608 0.702 0.691

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
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and corresponding subsidy policies for enterprises with
low pollution and enterprises taking the initiative to
reduce emissions. In order to investigate the mechanism
of government subsidies, we used the logarithm of the
amount of government subsidies as the explanatory vari-
able to regress the interaction term. The constructed
model is as follows:

= + × + + + + +α α γX φ σ τ εFund treat post .ict i c t ictict 0 1

Specifically, Fund refers to the logarithm of govern-
ment subsidies, while the ith enterprise in city c has the
logarithm of government subsidies in year t. Other indica-
tors are consistent with the benchmark regression model.
The corresponding regression results are shown in col-
umns (1) and (2) of Table 7. Results showed that the
regression coefficient of the interactive term TRP is posi-
tive in the regression with government subsidies as the
explained variable, and it has passed the 1% significance
test. It can be concluded that environmental regulation
promotes the level of enterprise innovation through
policy subsidies.

7 Conclusion

Since the Chinese government proposed that “lucid waters
and lushmountains are invaluable assets,” the ecological envir-
onment has received unprecedented attention. Development is
the basis and key to solving all problems in China. It is
undoubtedly of great significance to discuss the impact of
environmental regulation on enterprises’ exports in such a
developing country in the period of economic transition. This
study finds that government environmental regulation has
significantly improved the level of technological innovation
of enterprises, and the conclusion is still valid after a series
of robustness tests. The results of the parallel trend verify the
rationality of the dual difference setting, and the dynamic
effect shows that the pollution charge has a continuous role
in promoting the technological innovation of enterprises. The
results of the placebo test rejected the original assumptions of
the model. Heterogeneity analysis showed that there was
significant heterogeneity between state-owned enterprises
and private enterprises, coastal enterprises and inland
enterprises, export enterprises, and nonexport enterprises.
Further mechanism verification revealed that the strength-
ening of environmental regulation by Chinese governments
promoted the enterprise’s technological innovation by pro-
moting the enterprise’s fixed asset investments and govern-
ment subsidies.

According to the research conclusions of this study,
Environmental policy can have a positive impact on tech-
nological innovation. By forcing enterprises to reduce the
emission limits of waste and pollutants, the environmental
policy requires enterprises to adopt environmental protec-
tion technologies in new construction and renovation
projects, and encourages enterprises to develop environ-
mental protection, energy saving, and resource recycling
industries. The driving role of this policy leads to the
development direction of green environmental protection
and a low-carbon economy, which leads to technological
transformation and technological innovation of enter-
prises. The policy implications are as follows: (1) environ-
mental regulation can significantly promote the level of
technological innovation of enterprises and improve the
investment in fixed assets of enterprises. At the same
time, if enterprises need to purchase pollutant treatment
equipment and machinery for pollution control, according
to China’s environmental regulation policy, they have the
opportunity to obtain corresponding government subsidies.
This situation shows that government environmental regu-
lation can achieve a “win–win” effect with enterprises to a
certain extent. To this end, the government should continue
to improve environmental regulation. In the process of envir-
onmental regulation and governance of the government in

Table 7: Regression results of government subsidy incentive

Variable (1) (2) (3) (4)
Enterprise investment Government funds

did 6.266*** 7.455*** 0.083*** 0.114***
(1.376) (1.756) (0.030) (0.041)

size 4.497*** 0.056**
(1.258) (0.026)

lnL 12.063*** 0.025
(1.360) (0.032)

lev 5.155*** 0.057*
(1.532) (0.033)

finance 0.753** 0.009
(0.350) (0.009)

age −0.012 −0.000
(0.011) (0.000)

lnwage 0.797 −0.010
(0.551) (0.011)

sub 1.020** 11.324***
(0.440) (0.234)

lnkl 10.711*** 0.036
(1.361) (0.022)

profit 3.674** 0.049
(1.804) (0.049)

kc 0.294 −0.006
(0.208) (0.005)

Constant 15.267*** −163.377*** 0.058*** −0.934***
(0.420) (20.903) (0.009) (0.252)

Observations 30,462 20,145 28,265 20,145
R-squared 0.888 0.930 0.376 0.618

Notes: *, **, and *** indicate statistical significance at the 10%, 5%, and
1% levels, respectively.
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the future, taxation and the use based on the benefit principle
should be considered. Under the principle of reasonableness
and moderation, the government regulation of environ-
mental protection should be further improved. On the basis
of meeting the government’s benefits and the ecological
environment, the rights and interests of enterprises should
be protected. (2) The role of environmental regulation on
the level of technological innovation of enterprises shows
obvious heterogeneity in enterprises of different ownership
(state-owned enterprises vs private enterprises) and dif-
ferent locations (coastal enterprises vs inland enterprises).
On the one hand, environmental regulation should be
adapted to local conditions, allowing and encouraging local
governments to formulate environmental regulations sui-
table for the development of their own regions. On the other
hand, we should break down administrative barriers and
regional barriers, promote the free flow of factor resources
across regions, accelerate the integration of domestic factor
markets and intermediate products into the market, adopt
policies and systems that treat state-owned enterprises and
private enterprises equally so as to form a good market
environment, and provide maximum convenience for
exports. (3) The government’s environmental regulation
involves both the interests of the government and the inter-
ests of enterprises. Fundamentally, it is the transformation
of the economic development structures. Therefore, we
should fully respect the status of the market subject, widely
publicize environmental regulation, improve the under-
standing level of the market subject, actively guide the
market subject to abide by environmental regulation, take
advantages of environmental regulation in promoting enter-
prise innovation, and promote the high-quality develop-
ments of enterprises. (4) Another crucial aspect of the role
of government regulation in innovation is the impact of
competition between enterprises on innovation rate and
speed. Changes in government regulation can also affect
the innovation level of enterprises due to market competi-
tion. (5) The drawbacks are also obvious. Excessive environ-
mental regulation can lead to high investment costs for
enterprises in pollution control, which is not conducive to
their long-term development. In the future, reasonable envir-
onmental supervision measures should be formulated based
on the implementation situation in the region.
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Appendix A. Variable Descriptions

Table A1: Variable descriptions

Variable name Data descriptions

lnyf Logarithm of research and development costs
lnzl Logarithm of enterprise patents
did Core variable of DID model(treat*post)
size Logarithm of total assets
lnL Logarithm of the number of employees
lev Total corporate liabilities/total corporate assets
finance Interest expense/fixed assets
age Current year minus year of business opening
lnwage Logarithm of (Total wages payable/number of

employees)
sub Government subsidies/total sales
lnkl Logarithm of (Total fixed assets/number of

employees)
profit Total profit/total corporate assets
kc Fixed assets/Gross industrial output value
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