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Abstract
Background: In the stage of sustainable development, enterprises should not only focus on economic efficiency,
but also on ecological protection, for which the governments of various countries has adopted various environmental
regulation methods to promote green investment by enterprises. However, there are many types of environmental
regulations, and the relationship between policy formulation and implementation effects is complicated. Heavily
polluting enterprises as the main carrier of resource consumption and pollutant emissions is the main target of environmental regulation. Based on this, we took China’s heavily polluting listed companies as examples to explore the
impact of different types of environmental regulations on green investment in heavily polluting enterprises.
Results: In this paper, environmental regulations were divided into formal and informal types, of which formal environmental regulations (FER) were subdivided into command-control and market-incentive types. The empirical results
showed that the relationship between command-control environmental regulations and green investment by heavily
polluting enterprises presents an inverted “U” shape, and market-incentive environmental regulations first have no
effect on and then promote green investment by heavily polluting enterprises. Besides, informal environmental regulations (IER) have maintained a positive effect on green investment by heavily polluting enterprises.
Conclusions: Heavily polluting enterprises, respectively, employ passive, active and voluntary green investment
strategies under the three types of environmental regulations, providing a reference for the government to promote
green investment by enterprises by environmental regulations more effectively.
Keywords: Formal environmental regulation, Informal environmental regulation, Green investment, Heavily polluting
enterprises
Introduction
Economic development and ecological protection have
always been the major themes concerning the development of human civilization, and the synergetic development of economic growth and ecological balance
is the core of long-term human progress [1]. China’s
industrialization level has been improved significantly
since the reform and opening up, driving the economic
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development into a stage of rapid growth [2], while China’s traditional industrial development is characterized
by high energy consumption, heavy pollution and excessive resource dependence due to a lack of environmental awareness [3]. Rough economic growth has caused
serious environmental pollution, which not only greatly
affects human living environment and ecological balance, but also goes against the green and sustainable
development emphasized nowadays. According to the
2020 Global Environmental Performance Index jointly
released by Yale University, Columbia University and the
World Economic Forum, China ranks 120th out of 180
economies surveyed, while the top five are all European
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countries. The ranking indicates that China is facing
enormous environmental pressure with its rapid economic development, and that there is a big gap between
China and European countries in terms of environmental
management. Therefore, Chinese governments at all levels have adopted a variety of environmental regulations
to alleviate the contradiction between economic growth
and ecological pollution. For example, a large number
of environmental regulation policies have been enacted
to force enterprises in order to innovate the production
modes and reduce pollution emissions from the legal
level [4]. Moreover, the Chinese government has leveraged the power of the public to strengthen environmental protection. China’s latest Environmental Protection
Law specifies that the public has access to environmental information, participation and supervision, and has
the right to report to government departments through
online channels and offline letters if they find any unit
or individual polluting the environment or damaging
the ecology [5]. It has been proposed in the report to
the 19th National Congress of the Communist Party of
China to implement an eco-environmental protection
system and reform the eco-environmental regulatory system, which fully embodies the role of policy systems and
supervision mechanisms in promoting green production
in enterprises.
Heavily polluting enterprises as the main carrier of
resource consumption and pollutant emissions is the
main target of environmental regulation. Driven by the
dual environmental regulation instruments of policy and
public supervision, heavily polluting enterprises change
their production processes and reduce environmental
pollution by means of green investments (GI). Existing studies have also proved that environmental regulations can reduce the pollution emissions of enterprises
by promoting enterprise technological upgrading [6] and
adjusting industrial structure [7]. There is often a complex nonlinear relationship between policy development
and implementation results, not only will also be affected
by the policymakers, implementers, but also affected
by environmental regulation degree. Overly stringent
environmental regulations may have significant adverse
effects on business operation and are detrimental to the
GI of enterprises [8], while unduly lenient environmental
regulations may also make it difficult to restrict the pollution emissions by enterprises [9]. At the same time, there
are many forms in environmental regulations, which may
also have different degrees of impact on corporate GI.
On this basis, environmental regulations were classified into three categories in this paper, and the effects of
different types of environmental regulations on promoting GI by heavily polluting enterprises were explored,
so as to (1) verify the promotion degree of different
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environmental regulations to GI by heavily polluting
enterprises; (2) determine the optimal promotion degree
of environmental regulations to GI by heavily polluting
enterprises and seek the best balance among the promotion degree of environmental regulations, GI by enterprises and enterprise benefits; (3) and to provide practical
references for government departments and heavily polluting enterprises to make better use of environmental
regulation tools and promote the achievement of the synergetic development of economic growth and ecological
balance in China.

Literature review
Types of environmental regulations

Environmental regulations have been explored for a
long period of time in academic circles, Chai and Sun
[10] described the concept of environmental regulation as a binding force with environmental protection as
the objective, individuals or social organizations as the
objects, and tangible institutions or intangible consciousness as the existence form. Scholars have subdivided the
types of environmental regulations on account of the
richness of the subjects included in environmental regulations, including: (1) formal and informal environmental regulations based on different subjects of regulations
[11, 12], where formal environmental regulations (FER),
starting from the government and related institutions,
intervene in the behaviors of market entities by formulating laws and policies [13], while informal environmental
regulations (IER) refer to the reduction of environmental
damage caused by market entities through supervision,
protests, and complaints by social groups or individuals
[14]. Pan et al. [15] and Dai et al. [16] classified FER into
command-control and market-incentive types, which
is also the main classification method of environmental regulations by current scholars, e.g., Li and Wang
[17]. (2) Based on the investment concept, Han [18] and
Zhang [19] regarded environmental regulation as a kind
of economic input and classified it into cost-based and
investment-based environmental regulations. The basis
is the fact that environmental regulations will not only
increase the costs associated with environmental protection such as sewage charges and regulatory fees, but also
promote GI by enterprises and advance production technologies, which will have a positive effect on improving
enterprise images and competitiveness.
Effects of environmental regulations on enterprise
development

There are two views about the impact of environmental
regulations on enterprise development. First, the “compliance cost theory”, it describes the costs of bearing
environmental damage should follow the Polluter Pays
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Principle (PPP), those who “cause pollution” should pay
for the harm they inflict on others, for example in the
form of taxes, emission allowances or command and
control measures [20]. Thus environmental regulations
will increase enterprises’ investment in green technologies and pollution control costs, resulting in increased
production costs [21] and reduced production efficiency
[22]. Second, the “innovation compensation theory”, the
Porter hypothesis suggests that well-designed regulation can improve the competitiveness of enterprises [23].
Reasonable environmental regulations only increase the
cost input of enterprises in a short period of time, diverting R&D input and inhibiting patent output. However, in
the long run, reasonable environmental regulations can
improve technological progress and energy efficiency,
facilitate industrial transformation and upgrading, and at
the same time, these inputs reflect the positive response
of enterprises to policies, enabling enterprises to enjoy
more policy dividends and enhance their long-term
development capacities [24, 25].
Effects of environmental regulations on enterprise GI

The impact of environmental regulations on GI has not
attracted enough attention from scholars. Generally
speaking, GI will increase the cost pressure of enterprises, so it is difficult for enterprises to actively increase
GI. Through empirical research, scholars have come to
the conclusion that environmental regulations can promote GI of enterprises: as environmental regulations are
strengthened, enterprises will “passively” increase GI.
Han et al. pointed out that green investment is a positive response to the concept of ecological civilization,
and environmental regulations have promoted corporate
green investment from a legal and cultural perspective
[26]. Liao believes that public appeals as informal environmental regulations can also increase the government’s
strength to environmental supervision, which can promote GI in enterprises [27].
An overview of the current national and international
studies can lead to the following conclusions: (1) environmental regulations have a significant impact on economic
and enterprises development, but the impact of environmental regulations on enterprises GI has not attracted
enough attention. Environmental regulations are of various types, and the effects of different types of environmental regulations on enterprises GI may be different. (2)
The main role of environmental regulations is to reduce
pollutant emissions from enterprises by formal and informal means. Heavily polluting enterprises are emitting a
large amount of pollutants, causing great environmental
pressure, and are the main target of environmental regulation. According to the PPP, those who “cause pollution”
should take control measures to reduce it. Thus studying
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the impact of environmental regulations on GI by heavily polluting enterprises may achieve a more effective and
targeted improvement of the ecological environment.
(3) The current research focuses on the linear relationship between environmental regulation and enterprises
GI, but the relationship between policy development and
implementation effect is complex. Exploring the nonlinear relationship between different environmental regulation types and heavy pollution enterprises GI to find a
suitable environmental regulatory tool is more valuable.

Selection of variables
This study aims to investigate the nonlinear effects of
environmental regulation types on GI by heavily polluting enterprises. To achieve the study purpose, the data
of listed companies among heavily polluting enterprises
in China during 2010–2018 were selected as samples to
study the impact of environmental regulations on corporate GI. Environmental regulations were divided into
formal and informal types according to the current study
results, and FER was further divided into commandcontrol and market-incentive types. Command-control
environmental regulations (CCR) refer to the condition
that the government forces heavily polluting enterprises
to make GI by directly enacting environmental regulations. Market-incentive environmental regulations (MIR)
refer to indirect allocation of resources through the market, in order to promote heavily polluting enterprises to
increase GI. For example, the increase of environmental protection input and investment in pollution control
facilities by the government is an effective tool of MIR.
IER indicates a method to promote GI through public
and organizational supervision to the production processes of enterprises.
(1) Dependent variables: GI. The indicators were quantified based on the corporate environmental information disclosed in the corporate environmental report.
Corporate GI was quantified by most scholars based on
the amount of environmental investments disclosed by
enterprises, but there are errors in the resulting conclusions because the presence of a time lag will make the
results not objective enough. Therefore, corporate GI
was measured in this paper by establishing corporate GI
indicators, where various types of environmental information disclosed by enterprises were quantified through
objective scoring. Content analysis method has been
fully applied in the existing literature to study corporate
social responsibilities. Zeca et al. [28] constructed evaluation indicators from three aspects of economic benefit,
environmental benefit and social benefit to assess the
value of corporate GI. In this paper, the level of corporate GI was measured with reference to the method
of Zheng [29], and an evaluation indicator system was
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established (Table 1). Corporate GI was mainly divided
into five categories, including comprehensive management investment, pollution control investment, resourcesaving investment, climate change response investment
and environmental protection related investment, and
then scored using 15 secondary indicators, with a score
range of 0–3 points. Wherein, 0 indicates no disclosure,
1 stands for qualitative description, 2 represents quantitative description, and 3 refers to both qualitative and
quantitative description.
(2) Independent variable: types of environmental
regulations

① FER
The method of measuring FER indicators draws on Cheng’s
et al. studies [30]. The intensity of CCR was measured using
the number of environmental regulations enacted each year
in the province where the sample enterprises were located.
The intensity of MIR was measured by the ratio of the investment amount in environmental management in the province
where the sample enterprises were located to the GDP of
that province.
② IER
IER refers to the condition that the public and organizations
spontaneously participate in relevant activities aimed at
environmental protection, energy conservation and emission
reduction. Given the availability of data, the IER was measured in this paper using the ratio of petition batches to the
total population in the province where the sample enterprise
was located by the method of Gao and Chen [31].
(3) Controlled variable
① Cash flow (CF)
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According to the findings of existing literature, it can
be found that the higher the CF of enterprises, the more
willing they are to invest in more projects [32]. In other
words, an enterprise will be more willing to make GI in
the case of sufficient CF. As a result, it can be concluded
that the higher the CF of enterprises, the larger the scale
of GI.
② Financial leverage (FL)
The FL level of a company affects the GI decision [33].
High financial leverage ratios of an enterprise indicate
large debts. Hence, the creditor may change the interest
rate according to the time the enterprise delays the debt,
which in turn will increase the cost of the enterprise, i.e.,
the debtor, and then the enterprise will reduce the GI
level moderately.
③ Return on assets (ROA)
When the ROA of an enterprise is high, the value of the
enterprise will increase [34], and the internal production
pressure of the enterprise will be reduced moderately. At
that time, the enterprise will pay more attention to the
long-term development strategy, as well as its reputation
in the market, rather than the momentary return during
decision-making. Therefore, the higher the profitability
of enterprises, the more it can promote the scale of GI.
④ Investment opportunities (IO)
Enterprises will increase their investment to enter
some emerging industries when the Tobin’s Q value is
high [35], so all kinds of investment opportunities are
very valuable for developing enterprises. GI is one of the
ways for enterprises to make technology replacement and
gain competitive advantages in the market, so enterprises
are more willing to make GI in the face of greater investment opportunities.

Table 1 Corporate GI evaluation indicator system
Primary indicators

Secondary indicators

Comprehensive management investment

Total investment

Pollution control investment

Pollution and waste identification
Source measurement, recording and reporting
Pollution control measures
Source identification

Resource-saving investment

Search of feasible opportunities
Resource usage measurement, recording and reporting
Emission reduction measures

Climate change response investment

Identification of emission sources
Emission measurement and reporting
Emission reduction measures
Changes in production and business processes

Environmental protection related investment

Green technology innovation
Development and implementation of environmental regulations
Collection and collation of environmental disclosure information
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⑤ Cash holdings (CH)
In the case of sufficient CF, enterprises face low business pressure and will be more inclined to invest cash
in various projects, and enterprises with high CH are
more advantageous in terms of investment opportunities and risks compared with enterprises with low CH
[36]. Consequently, enterprises with high CH will also
have high levels of GI.
With the increasingly strengthened environmental regulations, heavily polluting enterprises have paid
more and more attention to the disclosure of GI-related
data, which has ensured the integrity of their GI data in
recent years. In this paper, all data were obtained from
the China Stock Market & Accounting Research Database (CSMAR) and the annual reports of heavily polluting enterprises, excluding enterprises with missing data
and enterprises under Special Treatment (ST). Table 2
demonstrates the statistical description of the variables
selected for this study.

Modeling
The panel threshold model proposed by Hansen was
examined in this study. By virtue of the model, slice
functions could be constructed based on changes in the
threshold of variables, so as to analyze the relationship
and degree of influence between variables [37]. The
basic equation of this model is shown in Formula (1):
′

′

Yit = µi + β1 xit I(qit ≤ γ ) + β2 xit I(qit > γ ) + eit .
(1)
According to the variables and measurements
selected in this paper, the definition of each code in this
model is listed in Table 3.
In Formula (1), the indicator function will be assigned
a value of 1 when the conditions in the parentheses are
met; otherwise it will be assigned a value of 0. Formula
(1) could be adjusted accordingly as follows:

Mean

Std. Dev

Code

Definition

i

Heavily polluting enterprises

t

Year

Yit

Dependent variable

xit

Independent variable

qit

Threshold variable

γ

Threshold value to be estimated
Random disturbance item

eit
β1, β2

Coefficient to be estimated

µi

Remove individual-specific means

I(.)

Indicator function

′

′

Yit =

Min

Max

GI

17.871

1.978

11.915

22.807

CCR

14.773

1.338

12.386

17.18
23.9

MIR

20.649

1.765

14.437

IER

1.483

0.761

0.4

4.03

FL

0.649

0.449

0.131

4.783

ROA

0.025

0.106

-0.683

0.765

CF

0.064

0.108

-0.204

1.084

IO

1.694

1.449

0.176

7.987

CH

0.064

0.203

-0.203

0.283



′

′

µi +β0 zit +β1 xit +eit ,qit ≤γ

′
′
µi +β0 zit +β2 xit +eit, qit >γ

(2)

.

zit refers to the controlled variables, including CF, FL,
ROA, IO and Cash in this study. The sum of squared
errors was obtained according to the Hansen panel
threshold regression model, as shown in Formula (3):
′

S1 (γ ) = ê∗ (γ ) ê∗ (γ )
′

′

′

′

= Y ∗ (1 − x∗ (γ ) (x∗ (γ ) x∗ (γ ))−1 x∗ (γ ) )Y ∗ ,
(3)
wherein xit (γ ) =
−

xit∗ = xit − x ;
it



xit I(q ≤ γ )
xit I(qγ )



−

−

; Yit∗ = Yit − Y ; eit∗ = eit − e ;
′

it

′

it

β̂(γ ) = (x∗ (γ ) x∗ (γ ))−1 x∗ (γ ) Y ∗;

ê∗ (γ ) = Y ∗ − x∗ (γ )β̂ ∗ (γ ).
Moreover, γ could be calculated by the least squares
method and Formula (3). The least squares estimate is
shown in Formula (4):
γ̂ = arg min S1 (γ ).
γ

(4)

After determining the value of γ̂ , the residuals were calculated as shown in Formula (5):

σ̂ 2 =

Table 2 Statistical description
Variable

Table 3 Code definition

1
1
′
⌢
ê∗ ê∗ =
S1 (γ ).
n(T − 1)
n(T − 1)

(5)

In this study, according to the above threshold regression model and the selected variables, Formula (1) was
rewritten. The single-threshold model is shown in Formula (6), and a multi-threshold model was derived based
on the double-threshold model, as shown in Formula (7):

Yit = µi + β′0 zit + β′1 newit I(qit ≤ γ1 )
+ β′2 newit I(qit γ1 ) + eit ,

(6)
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Table 6 Threshold values

′

Yit = µi + β0 zit + β1 newit I(qit ≤ γ1 )
′

(7)

+ β2 newit I(γ1 < qit ≤ γ2 )

Threshold
variables

Threshold
effects

F-statistics

Single threshold

32.17***

P-values

Threshold
values

′

+ β3 newit I(qit > γ2 ) + eit .

CCR

Double threshold

Empirical analysis
Hansen presented the panel threshold model based on
fixed effects, and it was necessary to test whether the
fixed effects held by Hausman test when using panel
threshold regression. Since the null hypothesis of coefficient differences was not systematically rejected by the
results of Hausman test in Table 4, the fixed effect held.
In general, if the panel data slope is homogeneous,
the slope coefficient of the panel data remains constant
across individuals. Hence, the panel data need to pass
the cross-sectional dependence (CSD) test prior to the
establishment of the panel threshold model. The CSD test
includes three types of statistics programs of Pesaran’s
cross-sectional dependence test, the Friedman statistic,
and the test statistic proposed by Frees.
The results in Table 4 shows that both the Pesaran test
and Friedman test rejected the null hypothesis of the
existence of cross-sectional independence. Moreover, the
average absolute values of all off-diagonal elements were
greater than 0, indicating that there is no error in the
CSD test where the sum of the positive and negative correlations was 0. Meanwhile, the statistical value of Frees
test was greater than the critical value of Alpha = 0.01.
The CSD test above confirmed the homogeneity in crosssectional slopes of panel data.
Based on the above tests, it was concluded that a stability threshold regression model could be constructed. In
this paper, by the Bootstrap method, specific threshold
values were obtained by repeatedly sampling the threshold variables for 300 times. The calculated outcomes of
the obtained threshold values are presented in Table 5.

Table 4 Hausman test
Chi2(4)

Prob > Chi2

Null hypothesis

19.51

0.000

Rejected

MIR

Single threshold
Double threshold

IER

5.42
29.42***
6.21

0.000

2.53

0.542
0.000

27.18

0.413

Single threshold

3.24

0.713

Double threshold

9.32

0.832

The results in Table 6 illustrate that there is a threshold
value of 1 for the two kinds of threshold regression models when CCR and MIR were used as the threshold variables. The threshold value was 2.53 for CCR and 27.18 for
MIR. There is no threshold value when IER was used as a
threshold variable.
Note: ***, **, and * denote that the regression outcomes
are significant at 1%, 5%, and 10%.
In this study, the impact of the types of environmental regulations on GI by heavily polluting enterprises was
analyzed by virtue of the threshold regression model, and
the results are shown in Table 7. Models 1, 2 and 3 represent threshold regressions with CCR, MIR, and IER as
threshold variables, respectively.
According to the threshold regression results of Models
1, 2 and 3, environmental regulations affect the degree of
GI by heavily polluting enterprises, and the effect of environmental regulations varies significantly by type.
In Model 1, the regression coefficient of GI was 1.534
when the CCR was less than or equal to 2.53, which
passed the significance test, suggesting that CCR significantly promotes GI by heavily polluting enterprises.
However, when the CCR was greater than 2.53, the
regression coefficient of GI was -0.169, which indicated
that the CCR has a negative impact on the GI by heavily polluting enterprises. The empirical results of Model
1 demonstrated that the effects of CCR on GI by heavily polluting enterprises vary with the strict degree of
environmental regulations, and CCR significantly promotes GI by heavily polluting enterprises within a certain
extent, but the promotion will turn into inhibition when
it exceeds a certain extent.

Table 5 CSD test
Pesaran test

Friedman test

Test of cross-sectional independence

2.452*** (0.009)

25.140*** (0.002)

Average absolute value of the off-diagonal elements

0.286

0.224

Alpha = 0.05: 0.2371

Alpha = 0.01: 0.3502

Frees’ test = 0.513

Alpha = 0.10: 0.1612
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Table 7 Threshold regression results
Model 1
Variable
CCR
(CCR
≤ 2.53)

CCR
(CCR > 2.53)

Model 2
Single threshold model

Model 3

Variable

Single threshold model

Variable

1.534***

MIR
(MIR ≤ 27.18)

0.073**

IER

−0.169***

MIR
(MIR > 27.18)

1.313**

Fixed effect
0.313***

IO

0.056**

IO

0.054**

IO

0.027*

FL

0.012*

FL

0.007*

FL

−0.122

ROA

0.064*

ROA

0.032*

ROA

CH

0.003

Cash

0.003

Cash

0.002*
0.071*

CF

0.011

CF

0.014**

CF

Cons

0.715***

Cons

0.657***

Cons

R2(within)

0.233

R2(within)

0.273

R2(within)

0.068

***, **, and * denote that the regression outcomes are significant at 1%, 5%, and 10%

In Model 2, the regression coefficient of GI was 0.073
when the MIR was less than or equal to 27.18, indicating that the MIR fails to have a significant effect on GI
by heavily polluting enterprises. However, when the
MIR was greater than 27.18, the regression coefficient of
GI rose to 1.313 and passed the significance test, which
proved that the MIR begins to promote GI by heavily polluting enterprises significantly then.
In Model 3, there was no threshold for the IER and the
regression coefficient of GI was 0.313, which suggested
that IER can continue to have a positive effect on GI by
heavily polluting enterprises.
According to the results of Models 1, 2 and 3, CCR,
MIR, and IER all affected GI by heavily polluting enterprises, but the conditions of effects differed a lot. CCR
first promoted GI by heavily polluting enterprises but
caused inhibition when reaching a certain level. MIR
first did not have much impact on GI by heavily polluting enterprises, but it promoted GI by heavily polluting
enterprises significantly when reaching a certain level. In
addition, IER has maintained a positive effect on GI by
heavily polluting enterprises.

Results and discussion
The findings of this paper suggested that environmental
regulations do have an impact on GI by heavily polluting enterprises, which were supported by the conclusions
of Wang et al. [38] and Liao [5]. In this paper, the effects
of different types of environmental regulations on GI by
heavily polluting enterprises were explored, and the main
findings are as follows:
(1) The relationship between CCR and GI by heavily polluting enterprises presents an inverted “U” shape,
similar to the findings of Wang and Shen [39]. Before the

degree of CCR exceeds a certain value, it can promote
GI by heavily polluting enterprises, but after exceeding a certain value, it will inhibit GI by heavily polluting
enterprises.
The result indicates that heavily polluting enterprises
adopt passive GI strategies under CCR. When the government adopts relaxed CCR, there will be no great
investment pressure for heavily polluting enterprises,
and the enterprises choose to appropriately increase
GI in response to the call of the policy [40]. However,
when the government chooses to impose harsh CCR,
GI by heavily polluting enterprises will be discouraged.
This is because too much GI are risky and long-period,
and heavily polluting enterprise cannot afford it, so they
abandon the investment to reduce production costs [41].
In addition, harsh CCR can put more pressure on business operations, so heavily polluting enterprises will shift
their industries to areas with less stringent environmental regulations in order to reduce the policy pressure in
the location of their industries, creating a pollution haven
effect, which does not increase the GI by heavily polluting enterprises [42].
Therefore, it is important for government departments
to adjust the policy intensity of CCR. In the current situation, harsh CCR cannot achieve the purpose of promoting enterprises’ GI, but may reduce GI or cause the
“pollution haven” effect due to the increased burden on
enterprises. Nevertheless, too lax environmental regulations can hardly form constraints on heavily polluting
enterprises and have few promotion effects on GI. In
consequence, the government should establish a good
communication mechanism with heavily polluting enterprises to keep abreast of the impact of CCR on enterprise
GI, so as to adjust the intensity of CCR in time. Only
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moderate CCR can maximize the GI by heavily polluting
enterprises and achieve a win–win situation for both economic development and environmental protection.
(2) There are two stages in the relationship between
MIR and GI by heavily polluting enterprises. Until a
certain level of MIR is reached, it has no effect on GI by
heavily polluting enterprises. Subsequently, when the
degree of MIR reaches a certain level, it significantly
promotes the GI by heavily polluting enterprises.
The result reveals that heavily polluting enterprises
adopt proactive GI strategies under MIR, and MIR
can only play a facilitating role once the “market signal” reaches a certain level. When the degree of MIR
is at a low level, enterprises are unable to receive market signals and will not make GI. When the MIR signal reaches the intensity acceptable to enterprises, MIR
enables enterprises to be more proactive in GI on the
basis of respecting the spontaneous regulation of the
market economy. At this time, GI is the investment
behavior that enterprises take the initiative to choose
after receiving market signals, and enterprises can
choose cheaper and more efficient energy-saving technologies to reduce the production costs independently.
Under the premise of respecting the market law, not
only the market competitiveness is improved through
technological innovation, but also the environmental
burden of enterprises is reduced [43, 44]. In consequence, MIR will enable heavily polluting enterprises to
make green technological innovations and enlarge the
scale of GI voluntarily after weighing the costs and benefits, and enterprises will also decide whether to make
GI according to the intensity of MIR.
In contrast to CCR, MIR allows enterprises to make
more independent choices about whether to make GI.
As long as the market signal reaches a certain level, it
can significantly motivate heavily polluting enterprises
to make GI without obstruction. Therefore, government departments can make full use of market incentive tools to enhance market signals by increasing the
investment in environmental protection and improving
the construction of pollution control facilities, so as
to continuously enhance the promotion effect of MIR
on GI by heavily polluting enterprises. It is also necessary for enterprises to strengthen market research and
enhance the ability to obtain market signals and grasp
market opportunities.
(3) IER has always had a positive and linear promotion
effect on GI by heavily polluting enterprises, which is
supported by the study of Zhang and Sun [45].
The result suggests that heavily polluting enterprises
adopt voluntary GI strategies under IER. IER has a positive linear effect on GI by heavily polluting enterprises
although no nonlinearity is detected, indicating that the
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public can take a variety of petitions, exposure and other
diverse channels to supervise enterprises, especially
heavily polluting enterprises with the enhancement of
public awareness of environmental protection. Heavily
polluting enterprises will voluntarily change their investment strategies and actively fulfill their social responsibilities to meet consumer demand and build corporate
images [27, 46].
Therefore, IER originates from the environmental
awareness of people and plays a linear positive role in
GI by heavily polluting enterprises. Compared with FER,
IER is more flexible and is not affected by the intensity
of regulations and market signals. However, the current
positive effect of IER on GI by heavily polluting enterprises is slightly smaller than that of MIR. It is necessary
for the government to actively popularize environmental
protection knowledge, publicize the importance of green
production, and enhance the environmental awareness
of the public and social organizations. Both the public
and the social organizations should play a supervisory
role over the heavily polluting enterprises and inspire the
willingness of heavily polluting enterprises to increase
GI voluntarily. Heavily polluting enterprises should take
the initiative to establish the awareness of green development, actively accept public supervision and improve
green production capacity.

Conclusions
In summary, different types of environmental regulations have different promotion effects on GI by heavily polluting enterprises. Currently, the most effective
environmental regulation tool is MIR. IER also has a
good promotion effect, so the government can enhance
the promotion effect of IER on GI by heavily polluting
enterprises by enhancing public awareness through publicity, education, and training. As for CCR, the government should pay particular attention to the intensity of
environmental regulations and policies formulated, and
the promotion effect on GI by heavily polluting enterprises can be maximized only in the appropriate intensity
range. For heavily polluting enterprises, it is necessary
for them to face the policy pressure of CCR and the
social supervision pressure, improve market insight, and
actively grasp market signals. On the one hand, enterprises should actively respond to the policy provisions,
adjust the industrial structure, improve production technologies, and improve the green production capacity for
long-term development. On the other hand, heavily polluting enterprises should actively assume social responsibilities, establish a green business philosophy, strengthen
the publicity and education of green production, and
improve corporate images, so as to contribute to ecological protection.
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