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This paper creatively studies the impact of the environmental governance on corporate
performance in the context of China. We take the first round of central environmental
inspections as the quasi-natural experiment shocks, and then test its effects on Chinese
listed companies’ performance using the propensity score matching method and the
difference-in-differences with multiple periods method. Furthermore, we discuss the
transmission mechanism between central environmental inspections and corporate
performance. The results indicate that central environmental inspections have
significantly improved the corporate performance of listed companies in polluting
industries in the inspected provinces. The central environmental inspections reduce
agency costs and enhance corporate performance by improving the internal agency
problems of listed companies. In addition, state-owned and large-scale companies are
more sensitive to the central environmental inspections, and the effect of corporate
performance improvement is more obvious. However, in regions with different levels of
environmental regulations, there is no significant difference in the effects of central
environmental inspections on the improvement of corporate performance.

Keywords: central environmental inspections, corporate performance, porter hypothesis, environmental
governance, carbon neutrality

1 INTRODUCTION

The global economy has experienced rapid development after WorldWar II. However, the economic
boom is at the cost of resource consumption and environmental pollution, which has caused
increasingly noticeable ecological problems (Ren et al., 2022). The environmental issues are
increasingly becoming the main focus of attention around the world (Deng, 2016; Duan et al.,
2021; Ren et al., 2021). As the largest developing country, China has shouldered the heavy task in
mitigating climate change and reducing carbon emissions. On 15 March 2021, at the ninth meeting
of the Central Finance and Economics Committee in China, the members clearly stated that “carbon
peak and carbon neutrality” should be included in the overall layout of ecological civilization
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construction, striving to achieve carbon peak by 2030 and carbon
neutrality by 2060. Moreover, the members pointed out that the
“14th Five-Year Plan” would be a key period as well as a window
period for the carbon peak, and the goals would be to implement
pollution and carbon reduction actions in key industries.
Therefore, this paper is designed to study the measures that
government takes to achieve environmental goals and their
impact on corporate performance of companies in polluting
industries. To achieve green and low-carbon ecological
civilization development, the central government has revised
and issued several environmental protection laws and
regulations to punish corporate pollution violations severely.
However, China’s command-and-control environmental
regulatory policies (Tu and Chen, 2015; Xie et al., 2017; Zhang
et al., 2021; Xiang., 2022) generally have problems such as
“government-enterprise collusion” (Liang and Gao, 2014; Long
and Hu, 2014) and “formalism” (Zhang et al., 2018), which make
the policy implementation less satisfactory. To solve the current
dilemma facing environmental regulatory policies, the Ministry
of Ecology and Environment of China has launched five batches
of central environmental inspections in 31 provinces,
autonomous regions, and municipalities across the country
since 2016, urging corporations to effectively rectify pollution
violations while taking the initiative to accept environmental
protection responsibilities. The first batch of central
environmental inspections, known as the “environmental
storm” which is the toughest environmental policy in China’s
history (Chen et al., 2019). To respond to the supervision of the
central environmental inspection team, listed companies in
heavy-polluting industries are bound to adopt corresponding
environmental protection measures to reduce corporate
pollution. The companies generally use the following three
methods: (1) stop production for a short period (Shi et al.,
2016), resulting in temporary reduction of pollution; (2)
reduce the discharge of pollutants in the manufacturing
process by improving environmental protective innovation and
introducing green equipment or green manufacturing processes
(Porter & Linde, 1995; Rubashkina et al., 2015; Galloway and
Johnson, 2016; Lei et al., 2022; Dong et al., 2021); (3) reduce the
level of corporate pollution by optimizing the efficiency of
internal resource utilization and investing part of the funds in
the field of environmental governance (Porter and Linde, 1995;
Yang et al., 2021). The negative impact of the first method on
corporate performance is self-evident, whereas the impact of the
latter two methods requires empirical testing combined with
actual conditions to draw definite conclusions.

With the in-depth development of the central environmental
inspections, on 26 July 2021, at a regular press conference held by
the Ministry of Ecology and Environment of China, it was
proposed that the second round of central ecological and
environmental inspections would include the level of
implementation of “the carbon peak and carbon neutrality
goal” for the first time. In the context of carbon neutrality,
exploring the impact of central environmental inspections on
corporate performance from the perspective of environmental
economics provides not only a new research path for analyzing
whether the environmental regulatory policies design is

reasonable and sustainable but also crucial empirical evidence
for China to achieve carbon peak and carbon neutrality goals.
Considering that the second round of central ecological and
environmental inspections is currently in the initiation stage,
this paper takes the first round of central environmental
inspections as the research object. We used the propensity
score matching (PSM) and the difference-in-differences (DID)
with multiple periods to analyze the impact of central
environmental inspections on the performance of listed
companies in heavy-polluting industries. Moreover, we
analyzed whether there is an innovation-driven mechanism or
a principal-agent mechanism between them. In order to explore
the actual policy effects of central environmental inspections, we
further investigated corporate and regional heterogeneity. We
found that central environmental inspections have a more
significantly effect on improving corporate performance for
state-owned corporations. There is no significant difference in
the effects of central environmental inspections on the
improvement of corporate performance.

Our study contributes as follows: First, existing research on the
impact of central environmental inspections on corporate
performance is mainly limited to industrial companies. We
extend the sample to listed companies in the Shanghai and
Shenzhen A-share exchange markets. In addition, this study
combines the PSM method with the DID model for empirical
analysis, eliminating the problem of sample selection bias,
making the empirical results more robust. Second, We
discover that the principal-agent mechanism acts as a
mediator through central environmental inspections to
improve corporate performance. Finally, this article expands
the existing literature on the theoretical explanation between
the central environmental inspection system and corporate
performance, making the research conclusions more universal.

The remainder of the paper is arranged as follows. Section 2
explains the policy background and the hypotheses. Section 3
illustrates the data, define variables and research design. The
results and findings are elaborated in Section 4. Section 5
discusses on heterogeneity while assessing the robustness of
testing and Section 6 concludes the paper.

2 HYPOTHESES DEVELOPMENT

From January 2016 to September 2017, the Ministry of Ecology
and Environment carried out five batches of environmental
inspections in 31 provinces across the country. The first
round of inspections solved about 150,000 environmental
problems for the people. Additionally, more than 2,100 major
ecological and environmental problems have been solved in
various regions, with more than 18,000 individuals held
accountable through measures such as inspection reports and
special inspections. The specific inspection details are shown in
Table 1.

Environmental resources are public goods, whereas the goods
produced by corporations are private goods. According to the
basic principles of economics and the production possibility
frontier analysis, the economy must choose between public
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and private goods. When corporations increase the production of
private goods, it may reduce public goods, so public and private
goods are opportunity costs of each other. If there are no
environmental regulations, the price of environmental resources
is zero. Companies may produce environmental pollution to
increase private goods. Environmental degradation then keeps
the economy within the production possibility frontier, and
inefficiency arises consequently. Efficient environmental
regulations can restore the production possibility frontier to the
efficient frontier, conducive to readjusting resource allocation and
solving the dilemma of misallocation of resources in society.
Environmental regulations improve the overall economic
efficiency of society, which benefits economic growth. Li and Li
(2007) pointed out that regulatory externalities themselves result
from a political process. These regulatory externalities manifest
themselves as the external benefits or costs conferred on
some interest groups. The externalities of environmental
regulations preferably explain the mechanism through which
environmental regulations affect the economic performance of
corporations and provide theoretical support for further
research on different effects of environmental regulations on
corporate performance.

The relationship between environmental regulations and
corporate performance has been one of the popular topics of
academic research, but the existing literature has not drawn
definitive conclusions. The main theories are the traditional
hypothesis, Porter hypothesis, and uncertainty hypothesis. The
early traditional hypothesis holds that environmental
regulations harm corporate performance because regulatory
costs would squeeze out corporate operating costs, leading to a
decline in corporate performance (Jorgenson and Wilcoxen,
1990; Greenstone, 2002). The traditional hypothesis is based on
the premise that a corporation’s technical conditions and
resource utilization remain unchanged in the short term.
The constraints of environmental regulations inevitably lead
to an increase in the corporation’s operating cost, which could

negatively affect corporate performance (Deng and Lu, 2017;
Zhang et al., 2018; He et al., 2020). With the improvement of the
internal governance structure of modern enterprises and the
development of environmental and technological innovations, this
hypothesis has been challenged by the Porter hypothesis. According
to the Porter hypothesis (Porter and Linde, 1995), appropriate
environmental regulations can improve corporate performance.
The specific transmission path is that environmental regulations
could stimulate corporations to carry out technological innovation
and boost business operations, so the benefits created by innovative
activities could even exceed the cost of environmental regulations,
hence improving corporate performance (Johnstone et al., 2010).
The uncertainty hypothesis holds that environmental regulations
and corporate performance are restricted by various uncertain
factors, making the impact of environmental regulations on
corporate performance uncertain (Barbera and McConnell, 1990;
Dou et al., 2022).

The central environmental inspections could affect corporate
performance by shutting down the production of companies in
heavily polluting industries, promoting companies’ research and
development (R&D) and innovation, and improving companies’
principal-agent problems. However, to prevent some
corporations from the indiscriminate suspension of work all at
once during the inspection period, which could affect normal
production, the Ministry of Ecology and Environment
formulated the Prohibition of Rigidly Uniform Environmental
Protection Work Guideline. The purpose of the guideline is to
“strictly prohibit complete shutdowns, shutdowns before further
discussion and other perfunctory responses” and to “resolutely
avoid simple and rude behaviors such as centralized shutdowns of
work, production and business.” The remarkable environmental
governance effects of the central environmental inspections do
not achieve temporary pollution and emission reduction through
the suspension of production of heavily polluting enterprises.
Hence, the central environmental inspections mainly affect
corporate performance through an innovation-driven

TABLE 1 | Implementation effectiveness of the first round of central environmental inspections.

Batch Inspection time Inspection
feedback

time

Inspected provinces Number of problems that the
accountability of ecological

environment damage

Number of
individuals held
accountably

Experimental
batch

2016.01.04–2016.02.05 2016.05 Hebei China - 487

1st 2016.07.12–2016.08.19 2016.11 Inner Mongolia, Heilongjiang,
Jiangsu, Jiangxi, Henan, Guangxi,
Yunnan, Ningxia, China

100 1140

2nd 2016.11.24–2016.12.30 2017.04 Beijing, Shanghai, Hubei,
Guangdong, Chongqing, Shaanxi,
Gansu, China

91 1048

3rd 2017.04.24–2017.05.28 2017.07–2017.08 Shanxi, Anhui, Tianjin, Hunan,
Fujian, Liaoning, Guizhou, China

92 917

4th 2017.08.07–2017.09.15 2017.12–2018.01 Jilin, Zhejiang, Shandong, Hainan,
Sichuan, Tibet, Qinghai, Xinjiang,
China

89 1035

Source: The central environmental inspection information published by the official website of the Ministry of Ecology and Environment of the People’s Republic of China (http://www.mee.
gov.cn/).
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mechanism or a principal-agent mechanism. Moreover, to
compensate for the compliance costs incurred by
environmental regulations, companies might also increase
asset utilization by optimizing resource allocation and using
other means to promote corporate performance.

H1: Central environmental inspections can improve the
corporate performance of listed companies in heavy-polluting
industries.

Some scholars have found that environmental regulations can
improve corporations’ internal principal-agent problem and
restrain agency costs. Ambec and Barla (2002) proposed that
environmental regulations can promote corporate environmental
innovation and increase corporate profits by reducing agency
costs. Li et al (2016) found that environmental regulations can
improve corporate performance, and agency costs play a
mediating role between them. The company behavior under
the principal-agent framework results from the game that
various stakeholders of the company play to find the optimal
solution. Under the circumstance where both environmental
protection and corporate development could be accomplished,
the corporate shareholders hope that managers will maximize
resource utilization efficiency and actively do a good job in
environmental management. Therefore, managers are expected
to reduce the possibility of corporate reputational damage caused
by corporate pollution, since the corporate image is not only a
negotiation basis for companies to obtain financial subsidies or
bank loans, but also contributes to the improvement of corporate
performance (Ren, 2017). However, due to information
asymmetry, shareholders can only observe the input and
output of a company and cannot know the whole process of
realizing economic benefits. To ensure their interests and the
limitation of the tenure period, managers might engage in short-
sighted behaviors in the process of realizing economic benefits
and hence fail to make reasonable use of corporate resources and
cause specific damage to the environment (Li et al., 2016). In the
absence of strict external environmental regulations, managers’
short-sighted behavior often causes severe environmental
pollution, affecting the company’s reputation and leading to a
decline in the company’s long-term financial performance.
Whether a corporation takes the initiative to implement
environmental governance is not only subject to external
environmental regulatory policies but is also encouraged by
environmental regulations to apply environmental protection
management through the corporation’s internal governance
mechanism. Corporate governance has played an important
part in the transmission path from the negative environmental
externalities of corporate behavior to corporate environmental
governance. Furthermore, the Structure-Conduct-Performance
model also provides theoretical explanations for the economic
behavior and operating performance of corporations in the
market (Rosenbaum and Rubin, 1983). Building on this
analytical framework, scholars carry out relevant empirical
studies to test whether environmental regulations, which are
an important external shock that affects corporate behaviors,
improve corporate performance through corporate governance.
The huge political deterrence promoted by the central
environmental inspections may arouse the public and the

media’s attention to heavily polluting companies. Attention
from the public and the media plays an important role in
alleviating information asymmetry between shareholders and
managers. It also helps central environmental inspections,
which are means of environmental regulation, to influence
corporations’ internal decision-making behavior on
environmental protection. Managers may be forced to conduct
scientific management of the corporation actively. The final
manifestation is the improvement of the principal-agent
relationship within the corporation, the reduction of agency
costs, and thus the improvement of corporate performance.

H2: There is a principal-agent mechanism between the central
environmental inspections and corporate performance, and the
central environmental inspections improve corporate
performance by improving the internal principal-agent
problem of the corporation.

According to the Porter hypothesis (Porter and Linde, 1995), the
appropriate intensity of environmental regulations can improve
corporate performance while improving environmental quality,
creating a win-win situation for environmental protection,
pollution reduction, and economic growth. However, existing
literature studies have not reached a consensus on the relationship
between environmental regulations and economic growth (Feng and
Chen, 2018; Hille et al., 2020; Shao et al., 2020; Zhou et al., 2020; Sun
et al., 2021; Li et al., 2022). For China, a developing country that is in a
critical period of economic transition, some Chinese scholars’
empirical evidence on Chinese companies supports the conclusion
that there is no “Porter effect” or a “weak Porter effect” (Tu andChen,
2015; Chen, 2016; Long and Wan, 2017; Chen. et al., 2022).
Meanwhile, many scholars’ studies have provided evidence to
support the “strong Porter effect.” Hamamoto (2005) took
Japanese manufacturing companies as the research object, and the
empirical results show that environmental regulations can increase
companies’ R&D investment and improve enterprises’ total factor
productivity. He and Luo (2018) showed that environmental
regulations could increase industrial total factor productivity by
promoting technological innovation. Yang and Peng (2021) found
that environmental regulations affect corporate performance by
promoting technological innovation, and technological innovation
plays a mediating role between them. However, the current literature
on central environmental inspections is limited, and most of the
research focuses on the analysis and discussion of the system
itself (Chen, 2017; Ren, 2018; Zhang et al., 2022) or the
effectiveness of environmental governance (Liu and Wu, 2019;
Wang et al., 2019). We determine the existence of the innovation-
driven mechanism.

H3: There is an innovation-drivenmechanismbetween the central
environmental inspections and corporate performance, and the
central environmental inspections stimulate corporations’
innovation vitality to improve corporate performance.

3 VARIABLES, METHODOLOGY, DATA

3.1 Variables
We select the natural logarithm of a company’s quarterly total
profit (CP) as a tool to measure corporate performance (Chen
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et al., 2019). To ensure the robustness of the model, the natural
logarithm of a company’s quarterly net profit (CP1) and the
quarterly return on assets (ROA) are used as proxy variables for
corporate performance in the robustness test.

The core explanatory variable, the central environmental
inspections (CEI), is a difference-in-differences term
containing two dummy variables. The first is the treatment
group and the control group dummy variables (treat): The
treatment group is a heavy-polluting industry corporation1,
whereas the control group is a non-heavy-polluting industry
corporation. When a listed company belongs to a heavy-
polluting industry enterprise, treat is set to one; otherwise, it is
set to 0. According to the Environmental Protection Inspection
Project (Trial), the central environmental inspections mainly
inspect the environmental pollution behaviors of industrial
corporations in heavily polluting industries, so there is little or
no impact of environmental inspections on non-heavy-polluting
industries. The second dummy variable is the policy time dummy
variable (post): When the central environmental inspection team
starts to inspect a province, post is set to one; otherwise, it is set to
0. Moreover, considering the continuity of the central
environmental inspections, the policy time dummy variable of
the province after the end of inspections is still retained as a
value of 1.

When the central environmental inspectorate starts to
inspect a province does the core explanatory variable (CEI)
of listed companies in the heavily polluting industry in that
province take the value of 1, that is, CEIjt � treatj × postt CEIjt
= treatj×postt.

Regarding the mediator variable of R&D and innovation,
because corporate-level green patent data are difficult to
obtain and most of it has missing values, the number of green
patents has a longer time lag in response to environmental
regulatory policies than innovation investment (such as
corporate R&D investment amount) does. We use the natural
logarithm of a company’s annual R&D investment (lnRD) as a
variable to measure the company’s R&D and innovation
capabilities. As for the mediator variable of agency cost, there
are currently two main methods for measuring agency cost used
by domestic and foreign scholars, namely operating expense ratio
and total asset turnover. The operating expense ratio measures
agency costs from the perspective of input, and the additional
increase in business expenses for companies with principal-agent
problems is the agency costs of those companies. The asset
turnover ratio measures agency costs from the perspective of
output, which can better reflect the managers’ effort, level of
management, and perquisite consumption and is more suitable
for measuring agency costs. The higher the asset turnover rate,
the higher the utilization efficiency of the company’s total assets
and the lower the agency cost. We select the asset turnover rate
(AC) as the reverse indicator of agency costs. Moreover, variables

such as company size, debt-to-asset ratio, and company’s age are
the control variables in the model, as shown in Table 2.

3.2 Methodology
The DID model can efficiently avoid the endogeneity problem
and estimate the policy effect more accurately. Therefore, the DID
model is suitable for this paper. We use the central environmental
inspections as a quasi-natural experiment to construct a DID
model to empirically test the net effect of the policies on corporate
performance. Because the first batch of central environmental
inspections was divided into five batches to inspect 31 provinces
(autonomous regions and municipalities) across the country
from 2016 to 2017, a multi-time period difference-in-
differences method is used for empirical analysis. To eliminate
sample selection bias caused by endogeneity, we use the PSM
method to match the treatment group and the control group, and
we construct the following benchmark model for empirical
testing:

CPit � α + βCEIjt + γXit + μi + λt + εit (1)
The subscript i represents the listed company, j represents the

industry of the listed company, t represents the quarter, α is a
constant term, β and γ are the coefficients of each variable, μi is
the individual fixed effect, λt is the year fixed effect, and εit is the
residual term. The response variable CPit represents corporate
performance. The explanatory variable CEIjt represents the
central environmental inspections dummy variable, Xit

represents the control variable, including company size (size),
company age (age), company social wealth creativity (lnTobinQ),
debt-to-asset ratio (Lev), ownership concentration (First) and
independence of board (Ind).

We referred to the “three-step method” (Wen et al., 2005) to
test the mediation and constructed the following six models to
test the mediating effect of R&D and innovation and agency
costs. Suppose the regression coefficients β1 and β2 are
significantly positive. After controlling R&D and innovation
costs, in model (4) the regression coefficient δ3 is significantly
positive. In that casive, the regression coefficient β3 is
significantly positive and less than β1, it means the
innovation-driven mechanism between the central
environmental inspections and corporate performance, but it
is not the only mechanism, R&D and innovation partly perform
as mediation between them. If the regression coefficients β1 and
β2 are significantly positive,. After controlling R&D and
innovation costs, in model (4) the regression coefficient δ3 is
significantly positive. However,t the regression coefficient β3 is
not significant, indicating that there is a unique innovation-
driven mechanism between the central environmental
inspections and corporate performance, R&D and innovation
completely perform as mediation between them. If the
regression results do not meet the above two conditions, it is
considered that there is no mediation based on R&D and
innovation. When testing the mediation of agency costs, if
the regression coefficients β1 and β4 are significantly positive,
after controlling the agency cost, in model (6) the regression

2Financial indicators such as the debt-to-asset ratio of listed companies in the
financial and real estate industries are significantly different from those of listed
companies in other industries, so companies in these industries are excluded.
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coefficient δ5 is significantly positive, and the regression
coefficient β5 is significantly positive and less than β1,
indicating that there is a principal-agent mechanism between
central environmental inspections and corporate performance,
but it is not the only mechanism, agency costs partly perform as
mediation between them. If the regression coefficients β1 and β4
are significantly positive, and after controlling agency costs, in
model (6) the regression coefficient δ5 is significantly
positive, but the regression coefficient β5 is not significant,
indicating that there is a unique principal-agent mechanism
between the central environmental inspections and corporate
performance, agency costs completely performs as mediation
between them. If the regression results do not meet the above
two conditions, it is considered that there is no mediation based
on agency costs.

CPit � α1 + β1CEIjt + γ1Xit + μi1 + λt1 + εit1 (2)
lnRDit � α2 + β2CEIjt + γ2Xit + μi2 + λt2 + εit2 (3)
CPit � α3 + β3CEIjt + δ3lnRDit + γ3Xit + μi3 + λt3 + εit3 (4)
ACit � α4 + β4CEIjt + γ4Xit + μi4 + λt4 + εit4 (5)
CPit � α5 + β5CEIjt + δ5ACit + γ5Xit + μi5 + λt5 + εit5 (6)

3.3 Data and Descriptive Statistics
We used the quarterly unbalanced panel data from the
Shanghai and Shenzhen A-share exchange market in China
from 2014 to 2018 as the initial sample. To improve the
validity of the data, the initial sample was processed
according to the following criteria: (1) excluding ST and
*ST companies; (2) excluding companies with severe
absence of key variables; (3) excluding companies in the
financial industry and real estate industry2; (4) excluding
companies whose listing year is later than 2014. Finally,
41,786 groups of unbalanced panel data of 2,256 listed
companies are obtained. The main reason for using
quarterly data is to refer to the practice of Chen et al.
(2019). The quarterly data can make the evaluation results

of the policy effect of the multi-period DID method more
accurate.

The listed company data was from the CSMAR database and
the Chinese Research Data Services (CNRDS). The relevant
data of the central environmental inspections was obtained
from the released inspection information from the official
website of the Ministry of Ecology and Environment of the
People’s Republic of China3 and was sorted out. The
measurement software used for empirical analysis in this
paper is Stata 15.1.

Table 3 is the descriptive statistics of each variable. Table 3
shows that the minimum value of the response variable
corporate performance (CP) is 0, the maximum value is
25.778, and the standard deviation is 5.59, indicating that
the corporate performance of the sample listed companies is
quite different overall. The minimum and maximum values of
the mediator variable R&D and innovation (lnRD) are also
quite different. The mean value of the entire sample is much
larger than the minimum value, suggesting that the overall
sample has a high level of R&D and innovation. The mediator
variable agency cost (AC) also has large differences within the
sample. The median is 0.289 and the mean is 0.39, which is
very different from the maximum value of 11.416. Since the
agency cost (AC) is an inverse indicator, the lower its value,
the more serious the principal-agent problem of the
enterprise. Therefore, most of the sample corporates have
a lower level of internal governance.

Table 4 shows the Spearman correlation coefficient matrix
between the variables. The absolute value of the largest
correlation coefficient is 0.669, which is less than 0.8, and
most of the coefficients are less than 0.5, suggesting that there
is no collinearity problem in the model. Based on the above
analysis, it can be decided that there is a significant correlation
between the main variables, and the follow-up empirical analysis
can be continued.

TABLE 2 | Definition of main variables.

Variable type Variable name Notation Definition

Response variable (explained variable) Corporate performance CP Natural logarithm of total quarterly profit

Explanatory variable Central environmental inspections CEI Dummy variable, if and only if the central environmental inspectorate conducts
inspections on a province, the value of listed companies from the heavy polluting
industry1 in that province takes 1, otherwise it takes 0

Mediator variable R&D and innovation lnRD Natural logarithm of the annual R&D investment amount
Agency cost AC Total asset turnover (operating revenue/average total asset)

Control variable Company size Size Natural logarithm of total asset
Company age Age ln (year of the statistics been done—year of establishment)
Company social wealth creativity lnTobinQ ln (company market value/capital replacement cost)
Debt-to-asset ratio Lev Total debt/total asset
Ownership concentration First Shareholding ratio of the largest shareholder
Independence of board Ind Proportion of independent directors

3Official website of the Ministry of Ecology and Environment of the People’s
Republic of China(http://www.mee.gov.cn/).
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4 EMPIRICAL ANALYSIS

4.1 Baseline Regression
The sample companies are grouped by industry and are divided
into heavy-polluting companies and non-heavy-polluting
companies. Many factors affect corporate performance, and
there are naturally differences in company size, governance
level, and financing costs between companies in heavy-
polluting industries and companies in non-heavy-polluting
industries. Suppose there is no parallel trend between the
treatment group and the control group in the sample
before the impact of the central environmental inspection
policies. In that case, the estimated regression parameters of
the central environmental inspections dummy variable based
on these sample data cannot accurately reflect the net effect of
the policy shock. Building on the above analysis, we use
propensity score matching to match the treatment group
with the control group. To make other corporate
characteristics of both the treatment and control groups as
similar as possible, we select six covariates: company size,
company age, company social wealth creativity, debt-to-asset
ratio, the shareholding proportion of the largest shareholder,
and the proportion of independent directors. The PSM
method calculates the propensity score according to the
multidimensional covariate index and matches the treatment
group with the control group according to the similarity of the
propensity score. To test the quality of matching, we perform a
balance test on the sample after matching, as shown in Table 5.
Table 5 illustrates that the deviation rate of the covariates

after matching is significantly reduced. The t-test results show
that the null hypothesis that the treatment group and the
control group are not significantly different is not rejected,
indicating that the differences in corporate characteristics
between the treatment group and the control group have
been drastically reduced through propensity score matching.
Figure 1 shows the fitting results of the propensity scores of
the treatment group and the control group. The fitting after
matching is significantly better than the fitting before
matching. Table 6 reports the distribution of the number of
individuals in the treatment group and the control group
before and after matching. Due to the one-to-many
matching, the number of samples in the treatment group
after PSM is 11,073, and the number of samples in the
control group is 10,759.

In Table 7, column (1) is the full sample for regression, and the
second column is the PSM matched sample for regression.
Table 7 shows that the regression coefficients of the central
environmental inspections (CEI) in columns (1) and (2) are
both significant positive at the 1% level, indicating that the
central environmental inspections significantly enhance
corporate performance. Thus, H1 can be verified.
Furthermore, after PSM, the coefficient of central
environmental inspections (CEI) is slightly reduced compared
with the coefficient of the full sample. Therefore, it could be
deduced that propensity score matching can preferably eliminate
sample selection bias and exclude other factors’ influences on
corporate performance; thus, the coefficient of the central
environmental inspections (CEI) only reflects the net effect of

TABLE 3 | Descriptive statistics.

Variable name Observed value Mean Standard deviation Minimum Median Maximum

CP 41786 16.80 5.59 0.000 18.316 25.778
size 41786 22.24 1.28 16.000 22.082 28.541
age 41786 2.81 0.33 1.386 2.833 3.932
lnTobinQ 41786 0.69 0.51 -1.879 0.614 5.549
Lev 41786 0.40 0.20 -0.227 0.394 1.687
First 41786 0.34 0.15 0.003 0.322 0.900
Ind 41786 0.38 0.11 0.000 0.375 1.000
lnRD 9171 17.94 1.52 5.094 17.938 23.770
AC 41786 0.39 0.40 0.000 0.289 11.416

TABLE 4 | Correlation coefficient matrix.

CP Size Age lnTobinQ Lev First Ind lnRD AC

CP 1
size 0.669*** 1
age 0.110*** 0.194*** 1
lnTobinQ −0.242*** −0.593*** −0.185*** 1
Lev 0.155*** 0.561*** 0.136*** −0.444*** 1
First 0.159*** 0.131*** −0.052*** −0.074*** 0.078*** 1
Ind −0.065*** −0.133*** −0.155*** 0.207*** −0.074*** 0.053*** 1
lnRD 0.460*** 0.566*** 0.045*** −0.249*** 0.263*** −0.007 −0.074*** 1
AC 0.216*** 0.106*** 0.095*** −0.044*** 0.192*** 0.111*** −0.013 0.247*** 1

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.
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the policy on corporate performance. The R2 value of the PSM
matched model fits better than the full sample model. Figure 2
shows that before the implementation of the central environmental
inspection policies in 2016, the treatment group and the control
group basically conformed to the assumption of parallel trends. After
the central environmental inspections were launched in 2016, the
corporate performance of the treatment group became significantly
higher than that of the control group.

4.2 Mediation Test
According to the above baseline regression analysis, the
central environmental inspections have significantly
improved corporate performance. To identify the specific
transmission path through which the policy affects corporate
performance, we focus on the innovation-driven mechanism
and principal-agent mechanism while introducing the
mediation model to test.

TABLE 5 | Balance test.

Covariate Sample Treatment
group
mean

Control
group
mean

Deviation
rate

Percentage
decrease

of deviation
rate

t-value p>|t| V(T)/
V(C)

size U 22.354 22.164 14.8 95.2 14.91 0.000 1.08*
M 22.337 22.328 0.7 0.64 0.521 0.94*

age U 2.836 2.793 12.9 85.8 12.77 0.000 0.78*
M 2.835 2.841 −1.8 −1.71 0.087 0.85*

lnTobinQ U 0.649 0.716 −13.2 94.4 −13.21 0.000 0.95*
M 0.651 0.655 −0.7 −0.69 0.491 1.02

Lev U 0.405 0.405 0.4 36.5 0.37 0.710 0.95*
M 0.405 0.405 0.2 0.21 0.830 0.92*

First U 0.351 0.335 11.0 89.1 11.03 0.000 1.00
M 0.350 0.348 1.2 1.08 0.281 0.91*

Ind U 0.377 0.382 −3.7 97.7 −3.72 0.000 0.84*
M 0.377 0.377 0.1 0.08 0.936 0.86*

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively. In column (2) “M”means the treatment group and the control group were matched according to the similarity of
the propensity score, and “U” means the treatment group and the control group were not matched.

FIGURE 1 | Propensity score fitting plot before and after PSM.

TABLE 6 | Sample distribution table before and after matching.

Treatment
group (treat = 1)

Control
group (treat = 0)

Total

Number of individuals before matching 16,759 25,027 41,786
Number of individuals after matching 11,073 10,759 21,832
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4.2.1 Innovation-Driven Mechanism
Table 8 shows that after controlling the individual effects and
time effects, the regression coefficients of the explanatory
variable, namely central environmental inspections (CEI), in
column (2) are not significant. There is not an innovation-
driven mechanism. R&D and innovation have not yet acted as
mediators between the central environmental inspections and
corporate performance, so H2 fails the test. The empirical results
show that the current environmental regulatory policies of the
central environmental inspections have failed to stimulate the
innovative vitality of heavily polluting corporations, and the

TABLE 7 | Baseline regression results.

(1) (2)

Full sample PSM

CEI 1.174*** 1.080***
(0.08) (0.11)

size 3.509*** 3.479***
(0.09) (0.12)

Age -0.660 -0.997
(0.69) (0.99)

lnTobinQ 1.236*** 1.288***
(0.09) (0.14)

Lev -9.320*** -9.745***
(0.29) (0.42)

First 1.784*** 1.387*
(0.57) (0.82)

Ind 1.446*** 1.621***
(0.27) (0.39)

_cons -57.826*** -56.030***
(2.66) (3.85)

Individual effect Controlled Controlled
Year effect Controlled Controlled

n 41786 21830
R2 0.432 0.458
F 342.75 166.34

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.

FIGURE 2 | Corporate performance change trend. Note: IEP stands for
treatment group and Non-IEP stands for control group.

TABLE 8 | Innovation-driven mechanism.

(1) (2) (3)

CP lnRD CP

CEI 1.080*** -0.001 0.869***
(0.11) (0.03) (0.28)

lnRD 0.267
(0.17)

Size 3.479*** 0.765*** 3.117***
(0.12) (0.04) (0.38)

Age -0.997 -0.205 -1.733
(0.99) (0.27) (2.48)

lnTobinQ 1.288*** 0.121*** 1.734***
(0.14) (0.04) (0.38)

Lev -9.745*** -0.314** -13.186***
(0.42) (0.13) (1.15)

First 1.387* -0.140 1.410
(0.82) (0.23) (2.09)

Ind 1.621*** -0.074 1.674*
(0.39) (0.11) (0.99)

_cons -54.945*** 1.455 -47.804***
(3.73) (1.08) (9.91)

Individual effect Controlled Controlled Controlled
Year effect Controlled Controlled Controlled

n 21832 4762 4762
R2 0.064 0.020 0.088
F 122.44 35.87 156.93

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.

TABLE 9 | Principal-agent mechanism.

(1) (2) (3)

CP AC CP

CEI 1.080*** 0.103*** 0.806***
(0.11) (0.01) (0.11)

AC 2.656***
(0.12)

Size 3.479*** 0.060*** 3.320***
(0.12) (0.01) (0.12)

age -0.997 -0.114* -0.696
(0.99) (0.06) (0.98)

lnTobinQ 1.288*** 0.019** 1.237***
(0.14) (0.01) (0.14)

Lev -9.745*** 0.090*** -9.984***
(0.42) (0.03) (0.42)

First 1.387* 0.055 1.240
(0.82) (0.05) (0.81)

Ind 1.621*** -0.008 1.642***
(0.39) (0.02) (0.39)

_cons -54.945*** -0.660*** -53.191***
(3.73) (0.22) (3.69)

Individual effect Controlled Controlled Controlled
Time effect Controlled Controlled Controlled

n 21835 21835 21835
R2 0.097 0.020 0.099
F 80.95 56.07 79.36

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.
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“strong Porter effect” cannot explain the mechanism by which the
central environmental inspections improve corporate
performance. Because it takes a long time for companies to
carry out R&D and innovation, corporate performance cannot
be improved in the short term, as the innovative compensation
effect brought by the increase of companies’ R&D investment
cannot surpass the cost effect of compliance in limited time.
Companies in heavy-pollution industries in China do not have
enough motivation to invest a large amount of R&D funds in
green innovation, and they have not yet reached the “strong
Porter effect” where a positive cycle and mutual promotion of
economic benefits and green environmental protection are
achieved.

4.2.2 Principal-Agent Mechanism
In Table 9, in both columns (1) and (2), the regression
coefficients of the central environmental inspections (CEI)
pass the significance test at the 1% level. In column (3), the
regression coefficient of the central environmental inspections
(CEI) is significantly positive and slightly lower than the
regression coefficient in column (1). The regression coefficient
of agency cost (AC) is significantly positive at the 1% level. This
suggests that there is a principal-agent mechanism between
central environmental inspections and corporate performance,
but it is not the only mechanism. Agency costs partly perform as a
mediator between them. Thus, H2 is verified.

The empirical results show that the central environmental
inspection policies improve corporate performance by reducing
corporate agency costs, which provides an empirical basis from
the perspective of the principal-agency problem for analyzing the
theoretical mechanism by which central environmental
inspections affect corporate performance. The central
environmental inspections have a strong political deterrent.
Under these environmental regulations, external policy
pressure has made the managers of heavily polluting
corporations actively follow the environmental management
system; reduce energy consumption and corporate pollution;
and implement environmental protection behaviors in line
with the interests of shareholders, leading to restrained agency
costs and improved corporate performance. Moreover, the
central environmental inspections involve public participation
in supervision. To maintain a good corporate image, the
managers of heavy-polluting companies may also take the
initiative to adopt environmental management measures, and
the possibility of environmental pollution behaviors that violate
the interests of shareholders is reduced. Thereby, the principal-
agent problem may be greatly reduced, and corporate
performance can also be improved.

5 DISCUSSION

The abovementioned baseline regression andmechanism analysis
demonstrate that central environmental inspections can improve
corporate performance by reducing corporate agency costs. For
companies of different types or in different regions, would this
policy show different policy effects? Based on the twomajor levels

of corporate heterogeneity and regional heterogeneity,
respectively, we test the heterogeneity of corporate size, equity
nature, and level of regional environmental regulations.

5.1 Heterogeneity of Corporate Size
The interaction term of the independent variable central
environmental inspections (CEI) and the moderator variable
corporate size (size) is added to the model, and a moderation
model is constructed to test the impact of company size on the
effect of the central environmental inspection policies. To
overcome the regression bias of the moderation model, the
corporate size in the interaction term is decentered5. The
regression results are shown in Table 10.

Table 10 illustrates that the coefficients of the independent
variable and the interaction term are both significantly positive at
the 1% level, implying that the size of a corporation plays a
significant role in promoting the positive relationship between
the central environmental inspections and corporate
performance. That is, the larger the size of the corporation,
and the more obvious the positive effect of the central
environmental inspections on corporate performance could be.
The larger the listed company’s scale, the better the internal
governance structure of the company and the corporate
managers’ level of decision-making could also improve
accordingly. When faced with external environmental
regulations of the central environmental inspections,
companies are more capable and motivated to optimize their
internal resource allocation, manage environmental protection
strategies, and reduce the perquisite consumption of corporate

TABLE 10 | Heterogeneity test for corporate size.

(1)

CP

CEI 1.025***
(0.11)

CEI*size 0.299***
(0.07)

Size 3.427***
(0.12)

Age -0.851
(0.99)

lnTobinQ 1.246***
(0.14)

Lev -9.684***
(0.42)

First 1.390*
(0.82)

Ind 1.541***
(0.39)

_cons -55.255***
(3.85)

Individual effect controlled
Time effect controlled

n 21830
R2 0.459
F 147.79

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.
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managers, thereby curbing agency costs and improving corporate
governance performance.

5.2 Heterogeneity of Equity Nature
According to the different nature of the equity of sample
companies, the sample is divided into the state-owned
corporate group and the non-state-owned corporate group,
and the regression model is tested in layers. The regression
results are presented in Table 11. In Table 11, the regression
coefficients of the independent variable (CEI) of the non-state-
owned corporate group and the state-owned corporate group are
significantly positive at the 1% level, indicating whether a
corporation is state-owned or not, the central environmental
inspections can improve corporate performance. Specifically, the
regression coefficient of the independent variable in the state-
owned corporate group is higher than that in the non-state-
owned corporate group, which implies that central
environmental inspections have a more significant effect on
the improvement of corporate performance for state-owned
corporations.

5.3 Heterogeneity of Regional
Environmental Regulations Level
The interaction term of the independent variable central
environmental inspections (CEI) and the moderator variable
regional environmental regulations level (ER) is added to the
model to construct a moderation model for testing the influence
of the regional environmental regulations level on the effect of
central environmental inspection policies. The regional
environmental regulations level (ER) in the interaction item is

decentered. Furthermore, the expression for the regional
environmental regulations level (ER) is given by annual local
fiscal environmental protection expenditure in each province/
annual local fiscal general budget in each province. The regression
results are shown in Table 12.

Table 12 shows that the regression coefficient of the
independent variable (CEI) is significantly positive at the 1%
level, whereas the regression coefficient of the interaction term
(CEI*CE) fails the significance test, indicating that the regional
environmental regulations level does not strengthen the positive
relationship between central environmental inspections and
corporate performance. There is no significant difference in
the effect of central environmental inspections on the
improvement of corporate performance when comparing
regions with higher and lower levels of environmental
regulations. The central environmental inspectorate stayed in
various provinces, autonomous regions, and municipalities to
carry out environmental inspection work. The law enforcement
was intense and lasted for an unprecedentedly long time. This has
promoted the implementation of environmental protection
responsibilities by party committees and governments at all
levels. In turn, this has created a top-to-bottom political
pressure of environmental protection covering all provinces,
autonomous regions, and municipalities. Still, no apparent
adjustments in the intensity of law enforcement have been
made according to the level of environmental regulations in a
certain province. The environmental pressure on corporations

TABLE 11 | Heterogeneity test for equity nature of corporates.

(1) (2)

Non-state-owned corporate State-owned corporate

CEI 0.724*** 1.531***
(0.13) (0.20)

Size 3.678*** 3.188***
(0.14) (0.28)

Age 0.870 -0.458
(1.11) (2.18)

lnTobinQ 1.286*** 1.298***
(0.15) (0.31)

Lev -7.993*** -13.562***
(0.46) (0.92)

First 3.013*** -2.729*
(0.95) (1.57)

Ind 0.871** 2.529***
(0.44) (0.77)

_cons -65.640*** -49.074***
(4.27) (8.89)

Individual effect Controlled Controlled
Time effect Controlled Controlled

n 13729 8093
R2 0.459 0.470
F 126.53 54.83

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.

TABLE 12 | Heterogeneity test for regional environmental regulations level.

(1)

CP

CEI 1.094***
(0.11)

CEI*ER 10.380
(8.84)

ER -12.829
(8.68)

size 3.495***
(0.12)

age -0.979
(0.99)

lnTobinQ 1.281***
(0.14)

Lev -9.739***
(0.42)

First 1.329
(0.82)

Ind 1.609***
(0.39)

_cons -56.036***
(3.87)

Individual effect Controlled
Time effect Controlled

n 21763
R2 0.459
F 130.64

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.
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would not be significantly different depending on their region,
and the effects on corporate performance improvement caused by
environmental regulatory externalities are correspondingly
similar. The level of regional environmental regulations has
not yet had a significant impact on the effectiveness of the
central environmental inspection policies.

5.4 Robust Test
5.4.1 Parallel Trend Test
The important premise of using the difference-in-differences
model is that the treatment group and the control group meet
the parallel trend assumption to ensure the unbiasedness of the
regression coefficients. The hypothesis of parallel trends means
that before the central environmental inspections, both heavy-
polluting and non-heavy-polluting companies’ performances are
basically the same in terms of time trends. After the central
environmental inspections, the performance of heavy-polluting
companies has improved significantly compared with that of
non-heavy-polluting companies. To satisfy the assumption of
parallel trends, we first match the treatment group with the

control group using propensity scores before introducing the
difference-in-differences method. The parallel trend test is carried
out on the matched sample companies.

Figure 3 illustrates that before PSM, the coefficients of the
dummy variable in each period are significantly different from 0
in the first three periods, and the preliminary judgment suggests it
does not meet the parallel trend assumption. After PSM, in the
first three periods, the dummy variable coefficients of each period
are not significantly different from 0, and in the last five periods,
the dummy variable coefficients of most periods are more
significant than 0, revealing that the parallel trend assumption
is satisfied, and the policy has a significant positive treatment

FIGURE 3 | Parallel trends before and after PSM.

TABLE 13 | Parallel trend test.

(1) (2)

Before PSM After PSM

CEI_before 3 0.742*** 0.259
(0.23) (1.22)

CEI_before 2 0.110 2.640
(0.22) (1.64)

CEI_before 1 0.540*** 0.195
(0.20) (0.21)

CEI_current 0.624*** -0.020
(0.15) (0.86)

Control variable controlled controlled

N 41786 21829
F 18.73 6.14

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.

TABLE 14 | Robustness test.

(1) (2) (3)

CP1 ROA CP

CEI 1.253*** 0.011***
(0.11) (0.00)

CEI1 0.082
(0.12)

size 3.200*** 0.025*** 3.156***
(0.12) (0.00) (0.12)

age -4.950*** -0.066*** -2.544***
(0.51) (0.00) (0.49)

lnTobinQ 0.723*** 0.013*** 0.562***
(0.12) (0.00) (0.12)

Lev -9.245*** -0.094*** -9.651***
(0.42) (0.00) (0.42)

First 1.264 0.029*** 1.650**
(0.83) (0.01) (0.82)

Ind 1.586*** 0.010*** 1.259***
(0.39) (0.00) (0.39)

_cons -38.746*** -0.336*** -43.791***

(2.51) (0.02) (2.53)
n 21830 21830 21830
R2 0.458 0.433 0.451
F 171.30 203.90 153.24

***, **, * indicate significance at the level of 1%, 5%, and 10%, respectively.
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effect. Furthermore, the tvdiff command in Stata 15.1 is used to
perform a parallel trend test. The test results are presented in
Table 13. Table 13 shows that after PSM, in the first three periods
of implementing the central environmental inspection policies,
the dummy variable coefficients in each period are not
significantly different from 0, which shows that the sample
companies after PSM have passed the parallel trend test.

5.4.2 Replacing Key Variables
Using the natural logarithm of the company’s quarterly net profit
(CP1) and the company’s quarterly ROA as measurement
indicators of the response variable company performance, the
empirical results are shown in columns (1) and (2) of Table 14.
According to the regression results, the regression coefficient of
the central environmental inspections is still significantly positive
at the 1% level, indicating that the central environmental
inspection policies have indeed improved corporate
performance, and the results are consistent with the baseline
regression results.

5.4.3 Policy Changing Time Window
Assuming that the implementation time of the central
environmental inspections in each province is 2 years earlier,
respectively, we now reconstruct the central environmental
inspections dummy variable (CEI1). According to the
regression results in column (3) of Table 14, the regression
coefficient of the pseudo policy dummy variable is not
significant. This conclusion supports the assumption of
randomness in the policy implementation time.

6 CONCLUSION

This study applies the multi-period PSM-DID model to empirically
test whether central environmental inspections can improve corporate
performance by considering 2,256 listed companies in China’s
Shanghai and Shenzhen A-share exchange markets. Moreover, we
discuss the innovation-driven and the principal-agent mechanisms as
mediators between the two factors in-depth. Based on the
heterogeneity of corporations and regions, we analyze the
differences in the policy effects of central environmental
inspections on corporations of different types and in different
regions. The research conclusions have vital theoretical and
practical significance.

The research conclusions are as follows: (1) Central environmental
inspections can significantly improve the corporate performance of
listed companies in heavily polluting industries, and the results are still
significant under the robustness test. (2) The principal-agent
mechanism acts as a transmission path between the central
environmental inspections and corporate performance, but it is not
the only path. Central environmental inspections reduce corporate
agency costs by improving the internal principal-agent problem of
listed companies, improving the corporate performance. The
innovation-driven mechanism cannot explain the impact path of
the central environmental inspections on corporate performance. The
central environmental inspection system has not yet exerted the

“strong Porter effect,” and these environmental regulations have
not improved the green innovation level of heavily polluting
corporations. (3) Central environmental inspections have a
differentiated policy effect on different types of companies. Central
environmental inspections can boost the corporate performance
improvement of listed companies with different micro-features, but
they have a more obvious effect on enhancing the improvement of
larger companies and state-owned companies; however, various levels
of regional environmental regulations do not result in differentiated
policy effects of the central environmental inspections. In regions with
different levels of environmental regulations, there is no significant
difference in the effect of central environmental inspections on the
improvement of corporate performance. Therefore, it is necessary to
establish a sound and standardized corporate environmental
disclosure system. For corporate pollution behaviors, the
rectification plan should be publicly disclosed; information
asymmetry between the company and the public, shareholders,
and managers should be effectively reduced; companies’ agency
problem must be improved; and the corporate governance
structure must be optimized. We must strongly promote the
development of climate change investment and financing, guide
more social funds into the field of low-carbon environmental
protection, and help companies to obtain sufficient funds to invest
in environmental protection equipment, thereby reducing carbon
emissions and helping China achieve the “carbon peak and carbon
neutrality” goal soon.
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