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Abstract: This study aims to analyze the impact of “overseeing the government” on corporate
pollution control and emission reduction behavior and the choice of corporate emission reduction
paths. The central government in China persistently reinforces its environmental oversight of local
governments. The effectiveness of environmental protection is closely tied to the performance of
local officials and the implementation of the “one vote veto” system in the realm of environmental
conservation. In this study, we use the evolutionary game model theory and the DID model to test
the impact of “overseeing the government” on the environmental behavior of enterprises. Specifically,
this study establishes an evolutionary game model between local government and enterprises,
exploring how the local government and the enterprise make decisions. The theoretical findings are
validated using pollution data from industrial enterprises in China. The study reveals that enterprises
are influenced by local governments primarily when the costs of environmental abatement are
relatively low, and the costs of noncompliance are high. Strengthening government oversight leads
to a reduction in the intensity and overall emissions of both water and air pollutants. Enterprises
respond by increasing their utilization of clean energy sources, reducing their reliance on fossil
fuels, and enhancing their pollution control infrastructure to mitigate emissions. Notably, there is no
evidence suggesting that enterprises curtail production levels to reduce emissions. Therefore, it is
crucial to develop a rational understanding of the relationship between environmental protection
and economic performance. In addition, tailored policies should be formulated to enable precise
pollution control measures and facilitate the pursuit of high-quality development.

Keywords: overseeing the government; environmental regulation; pollution control and emission
reduction; source prevention and control; end control

1. Introduction

Recently, it was suggested that more should be performed to prevent and control
pollution and insist on precise pollution control in China. Scientific and precise pollution
control and emission reduction are the focus of environmental protection work. Extensive
development not only promotes rapid economic development but also causes a slew
of environmental issues. At present, China’s economic growth rate is slowing, and the
development mode urgently needs to be changed. The ability to solve such issues is critical
to achieving high-quality development. To solve environmental problems, practical and
effective means of environmental regulation must be adopted.

In the early stages, the targets of environmental supervision in China were mainly
enterprises. “Overseeing the enterprise” made it more expensive for businesses to break
environmental laws; thus, they had to pay attention to environmental protection. At the
same time, some enterprises engage in rent-seeking behaviors and urge local governments
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to help cover up their illegal sewage discharges through lobbying and bribery. Local
governments shielded large taxpayers from consideration for tax protection, resulting in
government-enterprise collusion and other phenomena. Environmental governance has
not been working well because local governments have not put environmental policies into
action, leading to weak and ineffective rules. Therefore, the top priority of environmental
governance is to determine how to carry out the main responsibility of local governments
to protect the environment and ensure strong environmental supervision. The “Decision on
Implementing the Scientific Outlook on Development and Strengthening Environmental
Protection”, which was made public in 2005, said that officials” performance evaluations
should focus not only on economic performance but also on environmental performance.
This policy marked the beginning of the organic combination of “overseeing the gov-
ernment” and “overseeing the enterprise”. “Overseeing the government” is a uniquely
Chinese experience under the socialist system with Chinese characteristics. It involves
making local governments feel more responsible and putting policies in place to protect the
environment. From “overseeing the enterprise” to the natural combination of “overseeing
the government” and “overseeing the enterprise”, environmental regulation is always
evolving to fit the actual situation. Regardless of what type of environmental regulation
is used, the ultimate goal is to improve environmental quality. So, has “overseeing the
government” reduced pollution from corporations? The answer to this question will help
us understand the effectiveness of China’s current environmental protection policies and
provide a reference for environmental governance in other countries.

2. Review of the Literature

Many studies have been conducted on how to reduce corporate emissions by “oversee-
ing the enterprise”. For example, they look at how policies such as pollution discharge fees,
pollution discharge taxes, environmental administrative penalties, environmental informa-
tion disclosure, and tradeable carbon emission permits affect environmental governance.
Most research on sewage charges and taxes is from a macro perspective, finding that the
collection of sewage charges and taxes significantly promotes corporate pollution control
and emission reduction. Bongaerts and Kraemer’s (1989) study is a good example [1]. It
looks at how the collection of sewage fees and taxes in some European countries stops
water pollution. Laplante and Rilstone (1996) examined the impact of pollution inspections
on the emission levels of Quebec’s pulp and paper industry and found that inspections
are beneficial to pollution reduction [2]. Becker and Henderson (2000) used US business
data from 1963 to 1992 and found that air quality regulation suppressed emissions [3].
Greenstone (2003) used the data of US steel companies from 1987 to 1997 and found that
the implementation of the Clean Air Act reduced the companies’ air pollution emissions by
an average of 15% [4]. Shapiro and Walker (2018) analyzed the impact of environmental
regulations and pollution regulations on US manufacturing pollution emissions and found
that more than 75% of US manufacturing emissions reductions can be explained by pollu-
tion regulation [5]. Li et al., (2020) and Li et al., (2021) looked at how well China’s policy of
charging and taxing pollution worked and found that the system has significantly cut emis-
sions [6,7]. Most research on environmental administrative penalties is based on data from
micro-enterprises, finding that such penalties have a clear effect on reducing emissions.
Foulon et al., (2002) took a sample of 20 British Columbia paper mills from 1987 to 1996 and
found that environmental penalties and public environmental information disclosure can
significantly inhibit environmental pollution [8]. Blundell (2020) used the 2007-2014 US
Environmental Protection Agency (EPA) regulatory data on stationary pollution sources
and, based on the double difference method, found that the increase in fines after 2012
improved corporate compliance and reduced pollution emissions [9]. Bu and Shi (2021)
evaluated the daily continuous penalty policy through the DID method and found that the
daily penalty policy significantly reduced industrial SO, emissions [10].

However, some studies believe that these measures are not effective for environmental
governance. For example, Wang et al., (2004) compared China’s sulfur dioxide emissions
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from 1990 to 2000 and found that some pollutant emission trading markets in China
mainly traded through pressure and instructions, not market-driven [11]. Chang and Wang
(2010) found that China’s emissions trading policies are often proposed in conjunction
with other environmental protection policies, and they only exist on the surface in many
regions [12]. From the perspective of institutional diffusion and innovation, Shin (2013)
found that China’s emission trading policy has a “bringing doctrine” and ignores the local-
ization of the policy, so it has not achieved the effect of emission reduction in China [13].
Duflo et al., (2018) found that regulatory experiments have little effect on corporate pol-
lution emissions as long as regulatory agencies have weak enforcement measures, strict
environmental standards, and high pollution levels [14]. Brunel and Johnson (2018) used
US GHG emissions data and changes in US state pollution regulations to estimate the im-
pact of pollution control regulations on GHG emissions and found no evidence that stricter
local pollution regulations would change non-energy sector greenhouse gas emissions [15].

In addition, some studies also believe that environmental regulation will actually
increase pollution. Gronwald et al., (2013) used an extended Hotelling-type resource
extraction framework to analyze the effect of two suboptimal clean energy policies and
found that no matter what kind of environmental regulation is used, it will lead to a certain
degree of “green paradox” [16]. Gibson (2019) used the panel data of US companies from
1992 to 2014 as a research sample to test the impact of the Clean Air Act on specific regional
regulations on pollution emissions and found that the ratio of water and air pollution
emissions from regulated companies increased by 177% [17].

There are few studies on “overseeing the government.” Based on the results of this
research, these studies can be divided into two groups. One type of research argues that
“overseeing the government” has made it much easier to follow environmental laws and
cut pollution emissions. Some studies, such as Kahn et al., (2015) and Wu and Zhang
(2018), have examined the environmental governance effect of the environmental protection
target responsibility system [18,19]. They found that the environmental protection target
responsibility system greatly reduces the emission of target pollutants; However, the
system does not do much for non-target pollutants. Chen et al., (2018) tested the effect of
environmental protection targets and found that the policy led to a significant decline in
CO2 emissions and GDP growth [20]. Some studies have also examined how the central
environmental inspector affects them. Zhang et al., (2018) used 20,607 polluting companies
in China from 2005 to 2009 as a sample. They used breakpoint regression to test how well
central supervision improved local enforcement of environmental laws and found that it
cut COD emissions by 26.8% [21]. Jia and Chen (2019) used the DID model to look at the
short-term and long-term policy effects of the central environmental protection inspection.
They found that the central environmental protection inspection had a positive effect on
environmental performance over a long period of time [22]. Tan and Mao (2020) tested
the effectiveness of central environmental protection inspectors in improving air quality
through discontinuity regression based on daily data from 286 cities in China. The effect of
the policy on lowering the air quality index (AQI) was found to be insignificant [23].

Another part of the study starts with an environmental protection interview and the
river chief system and other policies, finding that both implement environmental policies
by making the roles of key leaders clear and greatly reducing pollution [24]. Zheng et al.,
(2014) used the data from 86 cities in China from 2004 to 2009 as a research sample and
found that the central government and the public have improved environmental quality by
putting pressure on local governments [25]. Chen et al., (2018), based on data from 85 cities
located in the Yangtze River Basin from 2003 to 2009, found that environmental protection
targets significantly reduced water pollution activities [26]. Some researchers have argued
that “overseeing the government” fails to strengthen environmental regulation and makes
it difficult to improve environmental quality [27-29].

To sum up, although “overseeing the government” started relatively late, its role in
the field of environmental protection cannot be underestimated. The above studies have
fully explored the impact of “overseeing enterprises” and “overseeing the government” on
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pollution control and emission reduction and laid a solid foundation for further research on
the policy effect of “overseeing the government”. However, there is a lack of data support
for Chinese micro-enterprises as well as a systematic study of corporate environmental
behavior choices at the theoretical level. As a unique Chinese experience, it is very im-
portant to put forward a Chinese plan in the field of environmental protection and to test
the effect of “overseeing the government” and the path of emission reduction. For this
reason, it is even more necessary to study the mechanism of the impact of “overseeing the
government” on corporate emission reduction and to verify the effectiveness of China’s
experience. Although the policy effect of “overseeing the government” has been fully
studied, the mechanism test on the emission reduction of micro-enterprises and the theo-
retical analysis that goes with it have not been fully conducted. On this basis, this study
establishes an evolutionary game model between a local government and an enterprise to
study how enterprises act. Using the policy as a natural experiment and the difference-
in-differences (DID) method, we examine the effect of “overseeing the government” on
enterprise emission reduction and analyze the path of enterprise emissions reduction.

Compared to previous studies, this study makes the following marginal contributions.
First, it builds an evolutionary game model between a local government and an enterprise to
examine the strategic choices made by enterprises and governments. Theoretical analysis of
corporate environmental behavior choices and possible emission reduction paths. Second,
from the perspectives of source prevention and end control, we examine the path of
corporate emission reduction and add to the research that has already been conducted.
Third, starting from the emission reduction data of micro-enterprises, it provides evidence
for the emission reduction of micro-enterprises in China for existing research. The rest of
this paper is organized as follows: the Section 3 is the theoretical framework, which builds
a theoretical framework and looks at the logic of the enterprise’s behavior. The Section 4
is data and methodology; sample descriptions and factual characteristics are listed. The
Section 5 is the results and discussion, which uses the DID method to test the impact of
the policy on corporate emission reduction and discusses the emission reduction path. The
Section 6 presents the conclusions and suggestions.

3. Theoretical Framework
3.1. Construction of an Evolutionary Game Model

This study views the local government and enterprise as bounded rational game
subjects to make the model easier to understand. At the beginning of the game, neither of
the two subjects is acting in the best way. This behavior means that two “profit-seekers”
will form a game relationship as they try to make the most money and will reach the
best outcome in multiple games. The strategy choices in each round are independent
and mutually exclusive. When a game subject chooses a strategy, it obtains income based
on the income function and decides its own strategy for the next round based on the
strategy choice of the opponent. Therefore, based on the evolutionary game model, this
study tries to determine what kinds of strategies businesses use when they are limited by
local governments.

To build a game model, the following assumptions are made:

Assumption I: A local government and an enterprise are selected as game subjects.
The strategic choices of the local government are strong regulation to fully implement
environmental supervision policies and weak regulation [30-32]. The choices of local
governments and enterprises are mutually influenced [33]. Therefore, the enterprise can
choose to either complete emission reduction or partial emission reduction. The local
government chooses strong regulation with a probability of x and weak regulation with a
probability of 1 — x. The enterprise chooses complete emission reduction with a probability
of y and partial emission reduction with a probability of 1 — y. Among them are x,y € [0, 1],
and both are functions of time t. Both sides of the game are risk neutral and aim to maximize
their own interests.
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Assumption II: If the local government chooses strong regulation means that the
enterprise is completely regulated by the local government, and the cost of it is C;. The
level of effort that local government makes to regulate is A; € (0, 1). L is the amount of
money that the local government loses, and R is the amount of money by enforcing strong
regulations. Pj is the possible administrative penalty when it implements weak regulations.
Assuming that local governments can ask businesses for bribes, weak regulations mean
that it will benefit from the enterprise (E) and lose the public’s trust (D).

Assumption III: When an enterprise chooses complete emission reduction, the cost is
Cy. The level of effort of the enterprise to reduce emissions is Ay € (0, 1). The environmen-
tal tax rate is ¢, and the emission reduction is a. The total amount of pollution discharged
is Q, and the possible fine for illegal emissions is Dy. The environmental subsidy for
enterprises is 01 Cy, and o7 is the subsidy ratio of the local government. m is the probability
of being punished. f is the decrease in output caused by complete emission reduction. The
average price of products is p, and the average cost is AC. Based on the above analysis, this
study creates four strategy return matrices between the two subjects, which are shown in
Table 1.

Table 1. Evolutionary game payoff matrix.

Strategy Combination (x,y) Local Government; Enterprise

strong regulation —C1+R —L—01C+t(Q —a);

complete emission reduction —(1—-07)C—t(Q—a)—(p— AC)f

strong regulation —C1+ Ry —L+t(Q— Aa) +mDy;

partial emission reduction —ApCy — H(Q — Apga) —mDy — (p — AC)Aof
weak regulation —MC1 —MP+(1—A)(E—Dyp) +tQ—a);
complete emission reduction —C—t(Q—a)—(p— AC)f

weak regulation —MCp —MP 4+ (1= A)(E—Dyq)+tHQ — Apa) + mDy;
partial emission reduction —A2Cy — tH(Q — Aga) —mDy — (p — AC)Ayf

The payment matrix shows that the local government can expect a return of U, if it
chooses strong regulation and a return of Uj _ if it chooses weak regulation. The specific
expressions are shown in Equations (1) and (2).

Uy =—-C+R —L—yrC+yt(Q—a)+ (1 —y)t(Q — Axa) + (1 —y)mD» (1)

ul_x = —)\1C1 — /\1P1 + (1 — /\1)(E — Dl) +yt(Q — ﬂ) + (1 — y)t(Q — )\2&) + (1 — y)sz (2)

d
F(y) =2 =

From the expected returns, the expected average return of the local government U,
can be calculated, as shown in Equation (3):

Uy, = xUy + (1 — x)U;_4 3)

Based on the Malthusian dynamic equation, we know that a strategy is stable and not
easily changed by the mutation strategy when its return is relatively high [34]. Accordingly,
we obtain Equation (4), which shows the replication dynamic equation of different local
government strategies over time:

F(x) = % =x(1-x)[-(1-M)C+Ry —L—-ynCa+ P — (1-M)(E—D1)] (4

In the same way, the enterprise’s replication dynamic equation is obtained, as shown
in Equation (5):

Y1 =y)[-(1—-22)C — (1= A2)(p — AC)f + (1 — A2)ta + x01Co + mDy] ®)
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3.2. Enterprise Equilibrium Analysis

Based on the stability theorem for differential equations and the properties of the
evolutionarily stable strategy (ESS), the ESS point must be resistant to perturbations. There-
fore, to implement the ESS, F(y) = 0 and F/(y) < 0 are needed. Equation (6) shows that,
based on this theory, the first derivative of the enterprise’s replication dynamic equation
is obtained.

Fl(y) = (1-2y)[-(1-A2)C = (1= A2)(p — AC)f + (1 = A)ta+ xo1Co + mD2]  (6)
Let F(y) = 0;then,y =0,y =1land x = x* = — (1=A)[ CZH';lC(f AC)fI+mDy

Case 1: When (1 — /\2)[(:2 —ta + (p - AC)f] —mDy, > 001Gy, F’(y)‘y:() <0,
F'(y)] y=1 > 0. At this moment, y = 0, which means that the enterprise has reached
an evolutionary equilibrium by choosing to reduce emissions in part.

Case 2: When (1 — A;)[C, — ta+ (p — AC)f] —mDy, < 01Cp, if x > x*, F'(y)|y—0 > 0,
F(y) ’yzl < 0. Therefore, y = 1, which means that the enterprise chooses complete
emission reduction. If x < x*, then F'(y)|,—o < 0, F'(y)|y=1 > 0. Therefore, y = 0; that is,
the enterprise chooses partial emission reduction. It is clear that an enterprise’s choice is
affected by the local government when the cost of cutting emissions is not high. On this
basis, the following hypothesis is proposed:

Hypothesis 1. Under the “overseeing the government”, the enterprise will reduce its emissions.

3.3. Choice of Corporate Strategy

Based on the above analysis, this study focuses on how local governments and en-
terprises act when the cost of supervision and emission reduction is low. “Overseeing
the government” affects the act of enterprises. When companies face regulations, they
may control pollution emissions by adjusting output, reducing energy use, and installing
pollution control facilities.

3.3.1. Yield Decision

When enterprises face pressure from local governments to reduce emissions, the easiest
path is to reduce production. However, this is only a quick fix for them and will damage
the interests of them. When f > 0, it means that the enterprise reduces emissions by
reducing production, and the probability of (1 — A,)[C, — ta+ (p — AC) f] —mD;, > 071Gy
is high. Corporate’s choices are less affected by local government. When f < 0, the
enterprise does not reduce emissions by reducing production, and the probability of
(1—-2Ap)[Cy—ta+ (p— AC)f] —mDy < 01Cy is high. It is similar to Case 2, in which
the enterprise’s decision is related to the local government. On this basis, the following
hypotheses are proposed:

Hypothesis 2a. Under “overseeing the government”, the enterprise reduces emissions by reducing
production.

Hypothesis 2b. Under “overseeing the government”, the enterprise does not reduce emissions by
reducing production.

3.3.2. Energy Use

If enterprises use more clean energy and less traditional fossil energy, the cost of
emission reduction will increase. At this moment, the choice of enterprises depends on the
local government’s subsidy and the charge for emissions. When the amount of subsidy and
fines is large, the choice of enterprises depends on the local government. In the context of
“overseeing the government”, local governments are more likely to implement mandaztory
regulations. In this case, the local government will increase environmental subsidies on the
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one hand and increase penalties on the other. This will encourage companies to use clean
energy to reduce pollution emissions. Accordingly, the following hypothesis is proposed:

Hypothesis 3. Under “oversecing the government”, the enterprise reduces emissions by increasing
the use of clean energy.

3.3.3. Adding Pollution Control Facilities

To meet emission standards, enterprises will not only reduce emissions from the source
but also from the terminal. From the aspect of the terminal, it is more important to purchase
and use (The words “buy” and “use” are separated here because some companies may
have to buy pollution treatment facilities because of rules but may not use the equipment
because of how expensive it is to run) pollution treatment facilities, but it will increase the
cost of enterprises. If enterprises reduce pollution, the penalties will be reduced. Under
the background of “overseeing the government,” the local government is more likely to
implement strong regulations. Therefore, enterprises that reduce more emissions will
obtain more subsidies, and enterprises with excessive emissions will be punished more
severely. This situation will make companies more likely to buy and use pollution treatment
facilities. Accordingly, the following hypothesis is proposed:

Hypothesis 4. Under “overseeing the government”, the enterprise reduces emissions by adding
pollution treatment facilities.

4. Data and Methodology
4.1. Methodology

This study uses the policy made by the State Council in 2005 as a policy shock to
examine how “overseeing the government” affects the reduction in corporate emissions.
A DID model is built to eliminate the effects of the macro trend in the sample time and
unobservable and time-invariant factors in the policy implementation process. Since
China’s environmental rules are carried out at the regional level, enterprises in 113 key
cities for environmental protection are used as the treatment group, and enterprises in
other cities are used as the control group. To effectively identify the policy effect, D; is
defined as a grouping variable. When the sample is an enterprise in a key environmental
protection city, the value of D; is 1 and 0 otherwise. At the same time, the time dummy
variable T is created, and T = 0 and T =1 is set to represent the time before and after the
policy implementation, respectively. In this study, T = 0 represents the 2001-2004 period,
and T = 1 represents the 2005-2010 period. The following model is built:

Polluy = wy + a1D; x Ty + apgdpy; + azsizey + agage;;

.. 7
+ashiiy + agsoe; + azfoey + T + 0; + € @)

The product of D; and T; is the explanatory variable, and the explained variable is
pollution emissions (pollu), which are measured by the intensity of the various pollutants
released. Chemical oxygen demand emission intensity (pollu_cod) is measured by chemical
oxygen demand emissions per unit of output value (kg/10,000 CNY). Sulfur dioxide
emission intensity (pollu_so,) is measured by sulfur dioxide emissions per unit of output
value (kg /10,000 CNY). At the city level, the level of urban development (gdp), which is
measured by a city’s per capita GDP (CNY per person), is used as a control variable to
control the effect of unobservable factors at the city level. The level of urban development
makes it easier for a city to deal with pollution. At the firm level, the control variables
include firm size (size), firm age (age), and dummy variables for state-owned enterprises
(soe) and foreign-funded enterprises (foe). Among them, firm size is measured by the
total assets of the enterprise in units of 10 million. At the beginning of “overseeing the
government,” local officials had to deal with the pressures of economic development and
taxation, as well as environmental protection assessments. For this reason, environmental
protection departments focused on large businesses to reduce pollution. This phenomenon
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is called “grasping the big and letting go of the small,” and it happens frequently in the
field of environmental protection. Firm age is calculated by taking the year of observation
minus the year the firm was founded plus 1. The ownership structure also affects pollution
emissions. Based on the research, enterprises where state-owned capital accounts for at
least 50% of the paid-in capital are called “state-owned enterprises”, and their value is 1,
while the value for all other enterprises is 0. For the foreign-funded enterprise dummy
variable, Hong Kong, Macao, Taiwan, and companies where foreign capital accounts for
more than 50% of the paid-in capital are considered foreign-funded enterprises, and their
value is 1, while the value of other companies is 0. The control variable at the industry level
is the degree of industry monopoly (hii), which is measured by the Herfindahl-Hirschman
index (HHI) as the sum of the squares of the proportion of each company’s sales to the
total sales of its industry. The degree of industry monopoly can measure the degree of
competition in the industry. T represents time-fixed effects, 0 represents individual fixed
effects, € is a random error term, i represents the individual, and ¢ represents the year.

4.2. Data Description

As a research sample, this study uses data on all state-owned and non-state-owned
enterprises above a certain size in China from 2001 to 2010. The basic information about the
enterprises comes from the database of Chinese industrial enterprises, and the pollution
information comes from China Industrial Enterprise Pollution Database. This study refers
to the methods of Brandt et al., (2014) to pre-process the industrial enterprise database
and eliminate enterprises that are unusual in terms of aspects such as employment, total
assets, or missing key indicators [35]. In addition, the study was winsorized at the 1% level.
Combining the industrial enterprise database and the China Industrial Enterprise Pollution
Database, 241,331 observations over 10 years are finally made.

Table 2 presents the descriptive statistics of the main variables. The average chemical
oxygen demand emission intensity is 10.72 kg per 10,000 CNY, and the average sulfur
dioxide emission intensity is 23.83 kg per 10,000 CNY. The average value of the degree of
industry monopoly is 0.005, and the highest value is 0.22. These results mean that most
industries have a low degree of monopoly.

Table 2. Descriptive statistics of main variables.

Variables Obs Max Min Mean Std. Dev.
pollu_cod 209,106 284.938 0 10.723 37.160
pollu_water 213,924 844.816 0 50.696 125.788
pollu_so, 199,020 404.913 0 23.825 58.846
pollu_gas 205,658 58.817 0 3.900 9.327
gdp 241,329 95,460 3679.490 29,809.830 21,197.260
size 241,329 321,237 141.900 17,257.130 44,325.090
age 241,329 410 0 13.790 14.207
hii 241,329 0.221 0.001 0.005 0.007
soe 241,329 1 0 0.218 0.413
foe 241,329 1 0 0.245 0.430

4.3. Comparative Analysis of Enterprises” Emission Reduction

Due to data limitations, this study starts with specific environmental issues to examine
how enterprises’ behavior changed during policy implementation. Enterprises” actions to
reduce emissions are shown in Figure 1.
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Figure 1. (a) Description of the trend of water pollution discharge; (b) Description of the trend of gas
pollution discharge; (c) Description of the trend of water pollutant removal amount; (d) Description
of the trend of air pollutant removal amount; (e) Description of enterprise wastewater and waste gas
treatment capacity; (f) Description of consumption trend of coal and clean gas.

Figure 1a,b show the discharge of water and air pollutants, respectively. The amount of
water pollutants released in China has dropped since 2006. The emissions of air pollutants
dropped rapidly after 2005. Since the policy implementation, there has been a significant
reduction in both water and air pollution. The control of water and air pollutants is
shown in Figure 1c,d, respectively. It is clear that enterprises” removal of water and air
pollutants has increased dramatically. Figure 1e shows that since 2005, both the wastewater
treatment facilities and waste gas treatment facilities have been improving. Figure 1f
shows the change trends of coal consumption and clean gas consumption. Since 2005, coal
consumption has dropped significantly. At same time, the amount of clean gas consumption
has increased rapidly.
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In summary, both the release of air pollutants and water pollutants have been signifi-
cantly reduced, and the ability to control pollution has also improved since 2005. At the
same time, the amount of traditional fossil fuels used has decreased while the amount of
clean energy used has increased significantly. It is clear that companies have become much
better at reducing emissions.

5. Results and Discussion
5.1. Basic Regression Results

Based on unbalanced panel data on China’s industrial enterprises from 2001 to 2010,
the chemical oxygen demand emission intensity and sulfur dioxide emission intensity are
used to measure water pollution and air pollution, respectively. The regression results are
shown in columns (1) and (4) of Table 3.

Table 3. Basic regression results.

Water Pollution Air Pollution
COD Wastewater Total COD SO, Waste Gas Total SO,
Variables 1) 2) 3) 4) (5) (6)
DT —0.059 *** —0.053 * —0.253 *** —0.087 *** —0.014 —0.149 ***
(—2.81) (—1.97) (—4.36) (=3.12) (—1.41) (—4.19)

y —0.042 *** —0.032 ** —0.196 *** —0.023 —0.009 —0.083 ***
34p (—5.16) (—2.47) (—7.16) (—1.63) (—1.48) (—10.18)

, —0.062 *** —0.056 *** 0.351 *** —0.082 *** —0.023 *** 0.231 *
size (—5.82) (—3.31) (14.39) (—8.70) (—3.47) (12.54)
age 0.005 0.025 ** 0.060 * 0.004 0.005 0.035 ***

(0.57) (2.04) (1.92) (0.43) (0.78) (3.49)

. 2.377 6.394 ** 2.333 —1.805 —3.351 0.327
i (0.89) (2.14) (0.33) (—0.49) (-1.12) (0.08)
soe 0.007 0.053 *** 0.104 *** 0.028 0.015 0.070 *+*

(0.57) (3.95) (2.92) (1.51) (1.53) (3.66)
foe —0.069 *** —0.076 ** —0.069 * —0.063 *** —0.037 ** —0.032
(—4.45) (—5.48) (—1.85) (—5.08) (—2.61) (—1.31)
Year Y Y Y Y Y Y
Individual Y Y Y Y Y Y
N 169,557 173,559 172,142 161,803 167,484 164,287
R? 0.786 0.810 0.794 0.819 0.825 0.849

Note: T statistics are in parentheses; *** p < 0.01, ** p < 0.05, and * p < 0.1, COD is an abbreviation for chemical
oxygen demand.

Table 3 shows that the estimation coefficient of the interaction term (D x T) in the
regression results in column (1) is significantly negative at the 1% level. This means that
this policy significantly reduces the chemical oxygen demand emissions. The regression
coefficient for the interaction term in column (4) is significantly negative. This means that
this policy has significantly reduced sulfur dioxide emissions, which verifies Hypothesis
1. The policy states incorporate environmental protection performance into officials” per-
formance appraisal, which is a major reason why we chose it as a policy shock. When the
local government stops being an “umbrella” for corporate environmental violations and
stops “turning a blind eye” to them. Enterprises will realize how important and urgent
environmental protection is. This will make a great difference in the chaos of corporate
environmental violations and help a region reach its goal of high-quality development.

In addition, the regression results of the control variables are enlightening. The
regression coefficients for the level of economic development in a region are significantly
negative in columns (1) and (2) but not in columns (4) and (5). This means that the
higher the level of economic development is, the lower the water pollution emissions;
however, the level of economic development has little effect on air pollution emissions.
The control of water pollution mostly relies on centralized treatment. The higher the level
of economic development is, the greater the investment in centralized water pollution
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control. All of the regression coefficients for firm size are significantly negative, which
means that the intensity of pollution that large enterprises emit is low. This shows that
there is a scale effect. Firm age has no effect on water or air pollution, which shows
that the age of enterprises has nothing to do with pollution emissions. In column (2),
the regression coefficient for the degree of industry monopoly is significantly positive.
This means that industries with a higher degree of monopoly have a higher intensity of
wastewater discharge. The regression coefficient in column (4) is negative, which means
that the intensity of air pollution emissions decreases as the degree of monopoly increases.
Therefore, when formulating environmental protection policies, we should pay attention
to industry characteristics. Pollution control can only be performed in a precise way if
policies are made based on how different industries work. In column (1), the regression
coefficient for the soe dummy variable is not significant. Column (2) is significantly positive,
which means that the rate of wastewater discharge from state-owned enterprises is much
higher than the other. The regression results for the dummy variables of foreign-funded
enterprises are significantly negative in columns (1) and (4). This shows that there is a
negative correlation between the entry of foreign capital and pollution emissions. The
local government does not blindly introduce highly polluting and high-energy-consuming
enterprises because they may attract investment. The “pollution haven” theory is not
supported by this result.

In addition, it is worth noting that environmental protection documents pay more
attention to the concept of total control of major pollutants. In this study, the total emissions
of chemical oxygen demand and sulfur dioxide emission are selected as the pollution
discharge index. The regression results are shown in columns (3) and (6) of Table 3,
respectively. All of the regression coefficients for the interaction term are significantly
negative. This result demonstrates that putting the policy into action reduces the total
amount of pollution and has given local governments a strong base from which to reach
the goal of reducing waste as a whole.

5.2. Robustness Tests

This study performs the following robustness tests to ensure that the regression results
are reliable:

First, the pollutant indicators are replaced. Wastewater and waste gas discharge are
also among the key concerns for pollution prevention and control. In this study, the amount
of water and air pollution is measured by the amount of wastewater and waste air released
per unit of output value. The regression results are shown in columns (2) and (4) of Table 3,
and the regression results are very robust.

Second, the parallel trend test is conducted. The DID model can only examine the
average difference between how much pollution companies put into the air and water
before and after policy implementation. The results of the above verification may be ex ante
trends caused by time and regional differences rather than the policy itself. To conduct this
test, this study uses the event analysis method by referring to Jacobson et al., (1993), who
used the event analysis research framework to measure how policies change over time [36].
Taking the implementation year of the policy as the base year, a DID model is constructed
for testing. The specific model settings are as follows:

2010
Polluy = Bo + BrY_,_opo; Di ¥ Tt + 7 Xit + 1 + 0 + €3 8)

where T; represents the dummy variable of the year in which the policy was implemented
or year t. Specifically, the control group and treatment group are not changed, and the time
variable takes the value of 1 only in the current year and a value of 0 in other years. This
study uses 2001 as the base year. Before 2005, if the interaction terms were not significant,
they followed parallel trends. Equation (8) is used to regress the time-fixed effects and
individual fixed effects, and Figure 2 shows the regressed dynamic effect. Basically, the
parallel trend assumption is met.
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Figure 2. (a) Description of water pollution’s parallel trend and dynamic impact; (b) Description of
air pollution’s parallel trend and dynamic impact.

Third, there is the impact of other events in the same period. During policy implemen-
tation, there were also other events, including the “Notice on Strengthening the Supervision
of the Listing of Environmental Law Cases,” which the former State Environmental Pro-
tection Administration issued in September 2006. This policy focuses on “listing and
supervision” as a way to control how companies act. Therefore, changes in how companies
eliminate pollution might have something to do with “overseeing the enterprise” and
nothing to do with “overseeing the government.” This study adds the interaction term
(D x Ty) of the grouping variable and the 2006 time dummy variable based on Equation (7)
to eliminate the effect of the policy on corporate pollution emissions. The regression results
are shown in columns (1) and (2) of Table 4. The regression results for chemical oxygen
demand and sulfur dioxide emissions are still significant, which means that the results
are strong.

Table 4. Robustness test.

CcoD SO, CcoD SO, DxT coD SO2
Variables 1) (2) 3) 4) (5) (6) (7)
DxT —0.057 ** —0.084 ** —0.011 —0.097 ** —0.510 *** —0.585 ***
(—2.62) (—2.03) (—0.39) (=3.13) (—6.24) (—6.68)
DxT, —0.007 —0.015
(—0.28) (—0.52)
D x Tyop4
_ 0.172 ***
v (62.32)

y —0.043 *** —0.023 —0.031 * —0.040 ** 0.107 *** —-0.019 * 0.023 *
8ap (—5.05) (—1.36) (—1.92) (—2.24) (82.87) (—1.65) (1.88)

. —0.062 *** —0.082 ** —0.043 *** —0.082 *** —0.002 *** —0.105 *** —0.169 ***
size (—5.81) (~7.54) (—3.68) (—6.16) (—6.04) (—57.42) (—74.75)
age 0.005 0.004 —0.011 —0.015 0.003 *** —0.035 *** —0.054 ***

(0.57) (0.35) (=0.71) (=0.77) (5.38) (=9.29) (—11.88)

y 2.371 —1.807 2.370 —0.245 0.347 #+ 5.606 *** — 4,848 ***
hii (0.89) (—1.24) (1.45) (~0.15) (4.01) (11.55) (—7.45)
sor 0.007 0.028 * 0.029 0.005 0.003 * 0.095 *** 0.104 **

(0.57) (1.73) (1.14) (0.18) (1.92) (10.20) (8.40)
foe —0.069 *** —0.063 *** —0.067 ** —0.019 0.002 * —0.110 *** —0.405 **+*

(—4.45) (—3.33) (—2.50) (—0.58) (1.90) (—14.81) (—40.55)
Year Y Y Y Y Y Y Y
individual Y Y Y Y N N N
City N N N N Y Y Y
N 169,557 161,803 61,428 62,249 199,020 209,106 199,020
R2 0.786 0.819 0.007 0.030 0.829 0.122 0.151

Note: T statistics are in parentheses; *** p < 0.01, ** p < 0.05, and * p < 0.1, COD is an abbreviation for chemical
oxygen demand.
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Fourth, the results are checked based on the propensity score matching PSM-DID
method. A reasonable counterfactual estimate is made to obtain an unbiased estimate of
how much a policy will cut emissions. This study uses the PSM method of 1:1 nearest
neighbor matching for estimation to control for selection bias and better meet the parallel
trend assumption. The matched sample groups are used for estimation, and the results
are shown in columns (3) and (4) of Table 4. It is found that the regression results are
basically robust.

5.3. Endogeneity Test

Even though the DID method can help with the endogeneity problem, it is difficult to
completely control for factors that affect the pollution emissions of businesses in regression,
and the problem of missing variables cannot be completely avoided. In addition, there is a
two-way causal relationship between key environmental protection cities and corporate
pollution emissions. In this study, the instrumental variable method is used to address
the problem of endogeneity. Effective instrumental variables need to be related to key
environmental protection cities and satisfy the requirement of correlation. Additionally,
they must have nothing to do with the amount of pollution to satisfy the requirement of
exogeneity. Therefore, this study looks at whether a city opened a railway line in 1933 as
the instrumental variable. In general, key cities for environmental protection are mostly
resource-intensive and population-intensive cities. These cities opened railway lines earlier.
Additionally, whether a railway line opened in 1933 does not have a direct effect on how
pollution is released by businesses. Therefore, it makes sense to choose it as an instrumental
variable. Two-stage least squares (25LS) regression is used; the results are shown in columns
(5)—(7) of Table 4. We see that the interaction term is significantly negative. This result
means that the research conclusions of this study are still the same after taking into account
the possibility of missing variables and endogeneity problems caused by reverse causality.

5.4. Further Analysis

From the above analysis, it is clear that the policy has stopped businesses from emitting
more pollution. There are two ways for enterprises to reduce emissions. One is source
prevention and control, that is, reducing pollution emissions by reducing production
or using clean energy. The other is end control, which uses things such as wastewater
treatment and waste gas desulfurization treatment to reduce the release of major pollutants.
So, which way do enterprises mainly rely on to reduce emissions?

To answer this question, the following measurement model is established to test how
companies choose to reduce their emissions.

Mechjy = ag + a1 D; x Ty + apgdpj + agsizey + agage;;

.. 9
+ashiiy + agsoejs + ay foe + T + 0; + €4 ©)

Among them, the dependent variable is “Mech”, which is the enterprise output
and energy usage to measure source prevention and control. The number of wastewater
and waste gas treatment facilities is used to measure the end-to-end pollution control of
enterprises. Specifically, the output of an enterprise is measured by the total output value of
the year in units of ten thousand CNY. The consumption of clean energy is measured by the
consumption of clean gas in units of ten thousand cubic meters. The amount of traditional
energy used is measured in tons based on how much raw coal is used. Regression is
performed based on Equation (9), and the regression results are shown in Table 5.
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Table 5. Mechanism test results.

Source Control End Control
Output Clean Energy Coal Energy Wastewater Waste Gas
Variables (1) (2) 3) (CY) (5)
DxT —0.012 0.175 *** —0.157 *** —0.014 0.014 *
(—0.60) (4.83) (—3.82) (—1.62) (1.77)

q —0.057 *** 0.024 —0.076 *** —0.003 0.011
3ap (—6.54) (0.98) (—3.63) (—0.77) (1.67)

) 0.539 *** 0.104 *** 0.266 *** 0.042 *** 0.041 ***
size (26.05) (2.82) (9.78) (6.59) (11.23)
age 0.060 *** —0.013 0.048 * 0.010 * 0.003

(4.94) (—0.60) (1.94) (1.88) (0.59)

» —2.616 —2.213 —2.310 1.205* 0.120
ki (—1.46) (—0.68) (—0.34) (2.01) (0.13)
soe —0.058 *** —0.020 0.110 *** 0.016 *** 0.009

(—4.95) (—0.54) (2.84) (3.29) (1.32)
foe 0.060 *** 0.013 —0.158 ** 0.002 —0.002
(4.76) (0.33) (—2.46) (0.32) (—0.43)
Year Y Y Y Y Y
individual Y Y Y Y Y
N 175,101 98,030 156,740 153,828 109,320
R? 0.891 0.773 0.877 0.800 0.793

Note: T statistics are in parentheses; *** p < 0.01, ** p < 0.05, and * p < 0.1.

The first column of Table 5 shows how the policy affects the total output of all enter-
prises. The regression coefficient is negative but not statistically significant. This result
means that enterprises have failed to cut production and reduce emissions, proving Hy-
pothesis 2b. Column 2 measures how the policy has affected businesses’ use of clean energy,
and the regression coefficient is significantly positive. This result shows that the policy has
made a large difference in how much clean energy businesses use, proving Hypothesis 3.
Column 3 measures the impact of policy implementation on the traditional energy usage of
enterprises. The regression coefficient is less than zero, which means that companies have
decreased the traditional energy that they use. Columns (4) and (5) test the end control of
pollution discharges of enterprises. The regression result in column (4) is negative but not
significant. This result means that policy implementation has no large effect on the number
of wastewater treatment facilities in enterprises. The regression coefficient in column (5) is
significantly positive, which shows that the policy has made a large difference in inducing
businesses to add more waste gas treatment facilities, proving Hypothesis 4.

From the above analysis, it is clear that putting the policy into action makes it possible
for businesses to use more clean energy and less traditional energy. No evidence of
companies reducing emissions by cutting production is found. Additionally, businesses
cut pollution by adding more waste gas treatment facilities, but there is no evidence that
adding more wastewater treatment facilities reduces pollution. It is clear that putting
the policy into action depends mostly on prevention and control at the beginning of the
business, and prevention and control at the end need to be improved.

6. Conclusions and Suggestions

This study analyzes the choice of enterprises against the background of “overseeing the
government” by establishing a two-sector evolutionary game model of local government
and enterprises. And using the microscopic data of Chinese industrial enterprises from
2001 to 2010, the DID method is used to empirically study the impact of “overseeing the
government” on the discharge of water and air pollutants from Chinese enterprises. At the
same time, it is used to further explore the path of corporate emission reduction. The study
found that “overseeing the government” significantly reduced the intensity of chemical
oxygen demand and sulfur dioxide emissions and achieved total emission reductions. In
terms of source prevention and control, enterprises mainly reduce pollution emissions by
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increasing the use of clean energy and reducing the use of traditional energy. In terms of
terminal treatment, enterprises mainly reduce emissions by increasing pollution control
equipment. At the same time, there is no evidence of enterprises reducing emissions
through production reduction. It can be seen that, from the perspective of production,
environmental governance has less impact on enterprise output. Therefore, environmental
protection and economic development are not in an either/or relationship. Properly
handling the relationship between environmental protection and economic development is
of great significance not only to China’s sustainable development but also to the cause of
sustainable development in the world so as to realize the 17 sustainable development goals
proposed by the United Nations as soon as possible.

Based on the above research findings, we emphasize the following aspects to fully
leverage the initiative of enterprises in pollution control and emission reduction:

First, the central government should maintain appropriate supervision and link lo-
cal government performance appraisals with environmental protection. This suggestion
applies not only to the Chinese government but also to other countries worldwide. Ac-
cording to the national conditions of each country, countries with different systems have
formulated corresponding supervision mechanisms to supervise the implementation of
local government policies and reduce collusion between government and enterprises.

Second, further reducing the cost of clean energy will help reduce pollution emissions
at the source. At present, the price of clean energy is generally higher than that of traditional
fossil energy around the world. In order to make enterprises more willing to choose clean
energy, the first step is to reduce the price of clean energy. On the one hand, by encouraging
technological progress and increasing investment in new energy, we can fundamentally
lower the price of clean energy. On the other hand, increase the price of traditional energy
by imposing a carbon tax and other means.

Third, local governments should improve the centralized treatment capacity of wastew-
ater, urge enterprises to install pollution treatment equipment and reduce emissions of
waste gas pollutants. For water pollution, the establishment of wastewater treatment plants
is very important, but the investment in wastewater treatment plants is relatively high, and
some small and medium-sized enterprises are unable to build wastewater treatment plants.
Therefore, it is necessary for cities to build sewage treatment plants to deal with water
pollution problems and reduce the phenomenon of companies smuggling and leaking
sewage due to insufficient governance capabilities. As for air pollution, installing dust
removal, desulfurization, and other equipment on the chimney of the factory can reduce
the pollutants discharged into the air, and most enterprises can afford the installation cost.
This advice applies not only to Chinese companies but also to other companies around
the world.

Of course, there are still some limitations in the study because we focus on the micro-
enterprise and study the behavior of industrial enterprises. Therefore, this study uses data
on Chinese industrial enterprises and cannot test how policies such as environmental protec-
tion interviews and central environmental protection inspections affect micro-enterprises.
However, the research results are still useful as a point of reference, especially for the
analysis of microscopic large sample data, which can show the full effect of how a policy
is implemented. Although data on listed companies is regularly updated, it does not
include all enterprises of a certain scale and above. As work to protect the environment
moves forward, it is becoming increasingly difficult to ignore how small and medium-sized
enterprises release pollution. This is one of the main reasons why industrial enterprise data
was chosen for this study. In addition, this study examines the effect of “overseeing the
government”. This policy is closely related to China’s system and has little relevance for
countries with different systems. However, the test of the policy effect also proves the sig-
nificance of third-party supervision, revealing that no matter what kind of national system,
local governments need strong supervision in the process of implementing environmental
protection policies.
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