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Abstract: The green transformation of heavily polluting companies is essential for sustainable
development. This study investigated the direct effects of environmental regulation on two types of
green technology innovations at the microlevel and explored the moderating effects of three levels of
firm supervision—government, public, and internal. Analyzing a panel of China’s heavily polluting
companies during 2011–2020, we find that environmental regulation inhibits both types of green
technology innovation. However, the degree of such inhibition varies with different moderators.
Specifically, lower environmental pressure and better internal corporate controls can weaken or even
reverse the inhibition of green invention innovation, while higher media attention can weaken the
inhibition of green utility-model innovation. Our findings thus extend the literature on the scenarios
of environmental regulation by revealing the heterogeneous moderating effects of government-,
public-, and firm-level factors on two types of green innovation. Moreover, our findings have
practical implications for promoting the green transformation of heavily polluting companies.

Keywords: environmental regulation; green technology innovation; stakeholder theory; moderating
effects; heavily polluting companies

1. Introduction

Environmental degradation has put human health and development at risk, and much
effort has been made worldwide to protect the environment [1]. Economic decarbonization
is seen as the way forward, but it has stimulated a debate on economic growth versus
environmental protection [2,3]. Generally, decarbonizing economies requires reducing
their fossil energy use, which has a high potential to harm many economies, especially
in developing countries with development needs. Environmental regulation is widely
used in various countries as a sensible way to balance environmental protection and
economic growth. For example, the Paris Agreement was approved at COP21 to constrain
greenhouse gas emissions and encourage green technology development and transfer;
the implementation of the regulations in the Paris Agreement was then completed at
COP26. The European and Chinese governments have thus enacted sound environmental
legislation to reduce ecological damage from economic activities.

The Porter Hypothesis provides theoretical guidance on the economic consequences
of environmental regulation. Jaffe and Palmer divide the Porter Hypothesis into the weak
and strong Porter Hypothesis [4]. The weak Porter Hypothesis emphasizes that reasonable
environmental regulation incentivizes green technology innovation. Given the widespread
nature of environmental regulation and the benefits of technological innovation, the exis-
tence and conditions of the weak Porter Hypothesis have attracted much scholarly attention.
The literature is divided into two streams that test the weak Porter Hypothesis based on
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environmental regulation or green innovation. In terms of environmental regulation, suffi-
cient attention has been given to environmental regulation, defined at the macrolevel. Such
studies have focused on the influence of different types of environmental regulation, such
as command, market, and voluntary regulation, on green innovation. In addition, some
scholars have defined the implementation of environmental regulation as a quasi-natural
experiment. In terms of green innovation, academics have defined green innovation based
on either an input or output perspective and have produced a series of research results. Ap-
plying the output perspective, patent-based research has particularly classified innovation
into green or nongreen innovation and has further refined these according to the difficulty
of innovation.

Despite the insightful extant research, the weak Porter Hypothesis remains ill-defined.
While the academic definition of green innovation is well established, the definition of en-
vironmental regulation needs to be performed at the microlevel. As a widespread measure,
it is scientifically valid to measure environmental regulation at the macrolevel. However,
since innovation is essentially a strategic decision by firms and the previous measures of en-
vironmental regulation have “blurred” the differences between firms, such “blurring” has
led to the limited understanding of whether and how environmental regulation, measured
at the firm level, influences green innovation.

Accordingly, in this study, we investigated (i) how environmental regulation, defined
and measured at the firm level, affects different types of green technology innovation and
(ii) the moderating role of government–public–firm-level factors—complementing tests
of the weak Porter Hypothesis. Specifically, we argue that the environmental regulation
addressed by different firms varies. Since environmental regulation is a cost item for
firms, firms facing higher environmental regulation first feel the pressure to profit and
then intuitively perceive a disincentive regarding green innovation. However, firms are
neither isolated decision-making units nor passive recipients. First, companies have social
attributes and need to consider the scrutiny and demand of their stakeholders (government
and public). Second, they must adapt to environmental regulation pressures according to
their capabilities. Thus, we develop moderators at the government–public–firm level that
can reinforce or weaken the disincentive effects of environmental regulation.

We tested our hypotheses by using panel data on heavily polluting Chinese firms
from 2011 to 2020. China is the world’s second-largest economy and the largest developing
country, maintaining a GDP growth rate of more than 6% per year (except for the COVID-19
shock in 2020). Moreover, heavily polluting firms are representative due to their contribu-
tion to the Chinese economy. Hence, our findings provide insights that are generalizable
to other developing countries. First, we investigated the direct effect of environmental
regulation on green invention innovation and green utility model innovation. Second,
we explored the moderating effects of government environmental pressure, public media
attention, and internal enterprise management. Our results indicate that environmental
regulation inhibits both green invention and utility model innovation. Through further
analysis, we found that this inhibitory effect on green invention innovation is strengthened
by government pressure but weakened by internal corporate control and that such weaken-
ing is subversive. Furthermore, public media attention weakens the inhibitory effect on
green utility-model innovation.

Our research thus contributes to the literature in various ways. First, we enrich the
definition of environmental regulation by measuring it at the firm level, providing new
ideas for future research. As most existing studies have measured environmental regulation
at the macrolevel (e.g., by region), ignoring interfirm differences, our measurement of
environmental regulation at the firm level fills this gap. Second, we provide new evidence
on how environmental regulation affects different types of green technology innovation.
Previous studies have focused on different types of green innovation, but their findings
merit further discussion, given their limitations in measuring environmental regulation.
Third, our study introduces government-, public-, and firm-level factors into the nuances
of environmental regulation, providing new support for the conditions of the weak Porter
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Hypothesis. An effective way to verify the validity of the weak Porter Hypothesis is
therefore to choose the right moderators; we selected moderators from the government–
public–firm level based on stakeholder theory. Finally, our findings can guide governments
and the public to understand how their attributes affect innovation in heavily polluting
firms and how firms can respond to environmental regulation. First, governments should
be aware of the adverse effects of pressure-shifting on firms’ green innovation, especially
among firms facing environmental-regulation costs and profitability dilemmas. While such
firms have an urgent need to relieve environmental pressures, their transfer of pressures
should be combined with other incentives to mitigate the relevant side effects. Second,
the public should continue to pay attention to corporate environmental information and
provide timely feedback on green technology needs. While public media attention alleviates
the disincentives of green utility innovation, in the future, the public should observe any
differences in the quality of technology to promote high-quality green invention innovation.
Third, companies must address the challenges of environmental regulation to their business
operations, strengthen their internal control capabilities regarding their resources and
risks, actively develop green technology innovation, and proactively adapt to the needs of
environmental transformation.

The remainder of this paper is organized as follows: We present our theoretical analysis
and research hypotheses in Section 2. In Section 3, we discuss our sample, data sources,
and research model. Section 4 reports our empirical findings, and Section 5 presents our
conclusions and offers a discussion of our results.

2. Theoretical Analysis and Research Hypotheses
2.1. Environmental Regulation and Corporate Green Innovation

Research has shown that dealing with pollutants generates significant economic costs
and that the benefits of this do not necessarily outweigh the relevant risks to human
health [5,6]. Environmental regulation reduces pollution emissions at their source, saving
governance costs, and creating a healthy environment. Through a rich body of research,
environmental regulation has been shown to have different effects—promoting [7,8], in-
hibiting [9,10], or nonlinear [11,12] effects. Studies supporting disincentive effects have
shown that regulation increases corporate costs in terms of pollution control and system-
compliance expenditure, squeezes corporate innovation input, and inhibits innovation
output, resulting in negative impacts [13]. Most of these studies have also affirmed the
facilitative role of environmental regulation. Furthermore, the impact of environmental
regulation on pollution practices has been found to be indeterminate, while the relationship
between the two has been shown to be U-shaped [14,15] or even an inverted U-shape [16,17].

In general, as academics have yet to agree on the role played by environmental
regulation, further research is needed [18]. There are many studies on heterogeneous envi-
ronmental regulations [19], but these studies have mainly used regional-level indicators
to define environmental regulation. This “one-size-fits-all” approach has resulted in less
attention being paid to microlevel environmental regulation. Accordingly, we argue that
defining environmental regulation at the microlevel helps deepen firms’ knowledge of
environmental regulation. First, firms are subject to significantly different levels of envi-
ronmental regulation due to their various characteristics, industries, and operations, but a
one-size-fits-all approach to environmental regulation “blurs” these differences. Second,
environmental regulation is primarily a way to internalize environmental costs [20], ul-
timately changing firms’ environmental governance. The costs borne by enterprises for
environmental management therefore represent the degree of environmental regulation
to which they are subjected; the use of such costs to measure environmental regulation is,
thus, a scientifically valid approach.

According to Porter and Linde’s Porter Hypothesis [21], “compliance costs” and “in-
novation compensation” are the two core elements of environmental regulation; the former
reflects the short-term pressure on enterprises and the latter reflects their long-term value.
On the one hand, neoclassical theory suggests that environmental regulation increases
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compliance costs, all else being equal, whereby greater environmental regulation entails
firms have to invest more resources into environmental management, thus crowding out
their resources available for innovation. On the other hand, green innovation helps en-
terprises improve pollution control and production processes or develop new products,
which promotes their transformation and, thus, projects new growth momentum into them.
Usually, heavily polluting enterprises are subject to greater environmental regulation due
to their tendency to cause damage to the environment; that is, their cost of compliance
is high. Additionally, green innovation produces many resource costs, while the prof-
itability of heavily polluting enterprises is poor. Accordingly, as this gap tends to lead to
underinvestment [22], the following hypothesis is proposed:

Hypothesis 1 (H1). All else being equal, environmental regulation significantly inhibits firms’
green technology innovation.

2.2. Moderating Role of Government–Public–Firm Supervision

Although “compliance costs” and “innovation compensation” coexist, the core goal
of environmental regulation is to improve the environmental behavior of enterprises
and foster a balance between the environment and development. In this process, the
direction and degree of the impact of environmental regulation are not fixed. On the one
hand, according to stakeholder theory, the characteristics among external stakeholders,
such as the government and the public, addressed by heavily polluting enterprises have
specific synergies or types of interference with environmental regulation [23], thereby
regulating the impact of environmental regulation. On the other hand, planned-behavior
theory suggests that heavily polluting firms take measures to cope with the impact of
environmental regulations based on their own capabilities. In summary, we therefore
propose the moderating role of government–public–firm supervision.

2.2.1. Moderating Effect of Government Environmental Pressure

To attract local governments to focus on environmental governance, China has incor-
porated environmental protection performance into its promotion assessment criteria for
officials [24]. Local governments have naturally become important environmental protec-
tion stakeholders. According to attention theory, high pressure to focus on the environment
affects its attention-allocation level, prompting the government to prioritize environmental
governance as its primary goal. Due to the potential harm to the environment by heavily
polluting enterprises, the government has the motivation to increase its demands for envi-
ronmental governance and then transfer this pressure to protect the environment [25]. This
shift moderates the relationship between the "compliance costs" and “innovation compen-
sation” of environmental regulation. First, enterprises take environmental protection steps
to meet government demands, but environmental-protection pressures often need to be
resolved effectively and quickly. According to the attention theory of corporate behavior
selection, the pressure to protect the environment increases the shortsighted behavior of
heavily polluting companies, making them less willing to innovate and more inclined to
adopt short-term solutions for environmental problems. Second, when the government’s
attention on heavily polluting enterprises is reduced through established policies for envi-
ronmental protection and stakeholders’ attention on heavily polluting enterprises becomes
less sensational, heavily polluting enterprises are more motivated to allocate resources
according to their long-term strategic perspective. Accordingly, the following hypotheses
are proposed:

Hypothesis 2a. Amid higher pressure to protect the environment, the positive (negative) impact of
environmental regulation on enterprise green invention innovation is weakened (strengthened).

Hypothesis 2b. Amid higher pressure to protect the environment, the positive (negative) impact of
environmental regulation on enterprise green utility-model innovation is weakened (strengthened).



Sustainability 2022, 14, 12180 5 of 18

2.2.2. Moderating Effect of Public Media Attention

Technological innovation is a proactive or reactive strategic response among companies
in complicated environments [26]. As the public’s environmental awareness has improved,
media attention has become a unique environment where the public can exert influence on
enterprises. Media attention has the dual responsibility of resolving information asymmetry
and expressing public demands. Agenda-setting theory thus indicates that the media can
influence the order of importance in the minds of the public through agenda-setting, given
their capacity to both strengthen the role of public environmental supervision and reduce
public-information asymmetry. In contrast, media reports can convey the demands of
stakeholders for heavily polluting enterprises. This dual responsibility of the media makes
it significant not only as a means for companies to obtain legitimacy but also as a potential
source of crisis regarding corporate legitimacy [27]. According to the stakeholder and
legitimacy theories, heavily polluting firms change their innovation strategies to maintain a
positive appearance when stakeholders become more environmentally conscious. Amid a
certain level of environmental regulation, media attention thus promotes heavily polluting
firms to increase their green activities by exerting external stakeholder pressure. Therefore,
the following hypotheses were developed:

Hypothesis 3a. Amid higher media attention, the positive (negative) impact of environmental
regulation on corporate green invention innovation is strengthened (weakened).

Hypothesis 3b. Amid higher media attention, the positive (negative) impact of environmental
regulation on corporate green utility-model innovation is strengthened (weakened).

2.2.3. Moderating Effect of Enterprise Internal Control

During the business decisions of heavily polluting enterprises, environmental regulation
is unavoidable [28]. Internal control, an essential part of internal corporate governance,
contributes to the effective implementation of strategic decision-making. Internal control
refers to the organization, plans, procedures, and methods of internal-regulation implemented
by an enterprise to achieve its established management objectives and include elements such
as information, risk, and supervision [29]. Better internal control indicates that an enterprise
has greater internal resource allocation, risk perception, and stakeholder communication
advantages. Thus, first, internal controls can reduce the effect of environmental regulation
on business activities through more reasonable resource allocation, e.g., by balancing long-
term sustainable development with short-term cost pressures and orderly green research and
development (R&D) efforts. Second, internal control can keep a firm apprised of external
changes through sound risk management and information communication, allowing it to
accurately identify market demand and translate this into green technology innovation,
thereby reasonably controlling for uncertainties in its green innovation process and improving
its success rate. Hence, the following hypotheses are proposed:

Hypothesis 4a. Amid better internal control, the positive (negative) impact of environmental
regulation on firm green invention innovation is strengthened (weakened).

Hypothesis 4b. Amid better internal control, the positive (negative) impact of environmental
regulation on firm green utility model innovation is strengthened (weakened).

Our research framework is summarized in Figure 1.
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3. Research Design
3.1. Sample Selection and Data Sources

Listed corporations in China’s heavily polluting industry during 2011–2020 were
used as the research sample. China’s environmental protection authorities first identified
heavily polluting industries in 2003 and then classified them in 2008 and 2010. Our study
is based on the “Industry Classification Guidelines for Listed Companies (2012)”, revised
by the China Securities Regulatory Commission, and our unit of analysis adheres to the
standards for heavily polluting industries developed in 2003, 2008, and 2010. Additionally,
our screening applies the following criteria: (i) listed companies that were specially treated
(special treatment (ST) firms, particular transfer (PT) firms, etc.) during the sample period
were excluded; and (ii) listed companies with serious gaps in their core data were excluded.
Thus, a total of 113 listed companies were obtained, generating 1130 company-year obser-
vations. Green technology innovation and environmental regulation were collated from the
annual reports of enterprises and the China National Intellectual Property Administration
(CNIPA). The specific process of this is described below in the section on variable defini-
tions. Internal control data were derived from the Dibo Data (DIB), media-attention and
environmental-pressure data were obtained from Chinese Research Data Services (CNRDS),
and all other data were gathered from the China Stock Market & Accounting Research
(CSMAR) database.

3.2. Variable Definitions
3.2.1. Dependent Variables

Innovation can be measured at various stages. As the output perspective is more
suitable for examining the consequences of environmental regulation, green patents were
selected to measure green technology innovation. There are major advantages of such an
approach: (i) Due to the complexity of corporate innovation strategies, it is difficult to
distinguish between green and nongreen innovations through resource allocation; thus, the
output perspective can more accurately capture the efforts of companies engaged in green
activities. (ii) The authorization of patents, especially invention patents, needs to move
through a series of strict examinations that are generally long-term, and there is uncertainty
regarding whether authorization is granted; therefore, patent applications enable timelier
observations of firm innovation over a certain period. Our source of green patents refers to
the practice of Tang and Xu et al. [30]. In addition, invention patents are considered to have
higher technical and innovative value than utility patents. Accordingly, green patents are
further subdivided into invention innovation (INV) and utility-model innovation (UTI).
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3.2.2. Independent Variable

The independent variable is environmental regulation (ERF). Previous studies have
measured environmental regulation at the macrolevel (e.g., provinces), using pollutants,
administrative regulations, etc. This study, however, focused on environmental regulation
at the microlevel, where enterprises are the recipients of macrolevel environmental reg-
ulation and environmental governance expenses mirror the microlevel consequences of
environmental regulation. The ratio of environmental governance costs to main operat-
ing income was used to measure environmental regulation, with larger values indicating
stronger environmental regulation. Environmental management costs were determined by
manually collating the items disclosed in annual reports as “administrative expenses”. Fol-
lowing the studies of Ye and Zhang et al. [31,32], administrative expenses that are itemized
as sewage treatment, environmental protection, etc., are defined as environmental manage-
ment expenses. Hence, the total environmental management expenses of enterprises were
obtained by summing these items.

3.2.3. Moderators

Environmental pressure, media attention, and internal control are selected as modera-
tors at 3 levels: (i) Referring to Tan and Luo et al. [33,34], the average air quality index (AQI)
of a firm’s location was used to measure environmental pressure (AIR). AQI is an indicator
issued by Chinese environmental protection authorities to reflect the degree of air pollution
in a comprehensive manner; the larger its value is, the more serious the air-pollution situa-
tion and the greater the government’s environmental-protection pressure. We used PM2.5
concentration values in our robustness test as a proxy to retest our results [35]. (ii) Referring
to Song et al.’s [36] study, the amount of online media coverage was selected as a proxy for
media attention (MEDIA). Compared to those of traditional media, online media reports
are numerous and timely; therefore, they can more accurately reflect the degree of public
attention on an enterprise. In the robustness test, only the number of media reports that
reported environmental news from a neutral perspective was retested. (iii) Following Wang
and Xu et al. [37], the internal-control index issued by Shenzhen Dibo Enterprise Risk
Management Technology Co., Ltd., Shenzhen, China, was used to measure the degree of
internal control among enterprises (IC). This index has been widely used in academia and
government departments, with higher values indicating higher levels of internal control.

3.2.4. Control Variables

Based on previous studies on corporate innovation [38,39], we selected the control
variables (Control) from the basic characteristics of enterprises, including enterprise size
(SIZE); listing age (AGE); industry competition (HHI); financial status, including mar-
ket performance (TOBIN), profitability (ROA) and solvency (PAY); equity concentration
(FIRST); executive shareholding (MANG); institutional shareholding (INS); governance
structures—including two executive positions held by one person (CEO); and board size
(BOARD). Additionally, year fixed effects are considered. Details of these variables are
provided in Appendix A, Table A1.

Table 1 presents the descriptive statistics for the important variables. Among them, the
average values of green invention and green utility-model innovation are 0.561 and 0.589,
respectively, signifying that the application of green utility-model innovation is more active
than that of green invention innovation. Moreover, environmental regulation has a mean
and standard deviation of 0.191 and 0.359, environmental pressure of 83.403 and 31.011,
media attention of 5.421 and 0.957, and internal control of 0.503 and 0.076, respectively.
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Table 1. Descriptive statistics of variables.

Variable Obs. Mean SD Min Max

INV 1130 0.561 0.887 0 5.257
UTI 1130 0.589 0.83 0 4.357
ERF 1130 0.191 0.359 0 4.494
AIR 814 83.403 31.011 34.038 242.692

MED 1130 5.421 0.957 2.398 8.657
IC 1121 0.503 0.076 0 0.676

SIZE 1130 22.874 1.243 19.973 26.037
AGE 1130 2.364 0.751 0 3.332

TOBIN 1130 3.102 1.56 −10.7 10.222
CEO 1130 0.161 0.368 0 1
PAY 1130 0.583 1.243 0.005 17.231
INS 1130 0.442 0.227 0 0.971

MANG 1130 0.025 0.081 0 0.662
BOARD 1130 9.251 2.071 5 18

ROA 1130 0.035 0.055 −0.441 0.381
HHI 1130 0.117 0.101 0.015 0.718

FIRST 1130 0.361 0.149 0.084 0.9

3.3. Research Model

Following Roper’s [40] research, we established the following model:

Yit = α + βERFit + γControlit + YEARt + ui + εit (1)

where Yit denotes firm i’s green technology innovation in year t, which is subdivided
into green invention (INVit) and green utility model innovation (UTIit); ERFit denotes
environmental regulation; Controlit denotes control variables; and YEARt denotes the time
fixed effects. Moreover, α represents the constant term, γ represents the control variable
coefficient, ui represents the individual effect, and εit represents the random disturbance
term. In addition, β denotes the coefficient of environmental regulation, the direction of
which indicates its effects.

To further investigate how different government–public–firm levels moderate the
effects of environmental regulation, we adopted a cross-product term, based on existing
studies [41,42], and set up the following models:

Yit = α + β1ERFit + β2 AIRit + β3ERFit × AIRit + γControlit + YEARt + ui + εit (2)

Yit = α + β1ERFit + β2 MEDIAit + β3ERFit × MEDIAit + γControlit + YEARt + ui + εit (3)

Yit = α + β1ERFit + β2 ICit + β3ERFit × ICit + γControlit + YEARt + ui + εit (4)

Formulas (2)–(4) correspond to Hypotheses 2–4, where AIR, MEDIA, and IC denote
environmental pressure, media attention, and internal control, respectively, and the rest
of the symbols are consistent with the definitions given above. This section focuses on
the direction of the β3 coefficient, which indicates the effects of the direction of the mod-
erating variables on the relationship between environmental regulation and firms’ green
technology innovation.

Appropriate model-setting determines the quality of analysis results. This work
draws on the data model-setting approach of Wooldridge [43]. A joint significance test
of individual and random effects was thus first used to determine whether to use the
unobserved effects model or mixed regression model. These results demonstrate that both
the individual and random-effects p-values are below 0.05. Therefore, the unobserved
effects model was used. Second, for this model, it was also necessary to determine whether
to choose a fixed or random-effects model. Hausman’s test result of 0.244 indicates that the
original hypothesis—i.e., the fixed- and random-effects models are estimated consistently—
is accepted and that the random-effects model has higher validity. Thus, the random-effects
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model was selected. Finally, because the explanatory variables are logarithmically treated,
60.53% and 56.67% of the observations are equal to 0 and nonnegative, respectively, forming
a left imputation of the data. Moreover, there is a problem of biased estimation when using
traditional estimation methods. A panel Tobit model can help overcome this difficulty.
Accordingly, a panel Tobit random effects model, controlling for time fixed effects, was
used for the empirical analysis in this study.

4. Empirical Results and Analysis
4.1. Correlation Analysis

Table 2 reports the correlation coefficients of the major variables, revealing that envi-
ronmental regulation is significantly and negatively correlated with the two types of green
technology innovation, thus tentatively verifying Hypothesis 1. In addition, the variance
inflation factor (VIF) results with a maximum value of 2.56 indicate that there is no serious
problem of multicollinearity among our variables.

4.2. Regression Analysis
4.2.1. Role of Environmental Regulation

Table 3 reports our key results. According to Columns (1) and (2), both coefficients of
environmental regulation on green invention innovation and green utility innovation are
significantly negative at the 1% level when no variables are controlled for. In Columns (3)
and (4), the coefficients are significantly negative at the 1% and 10% levels, respectively,
when the year fixed effects are not controlled for. In Columns (5) and (6), the coefficients
remain significantly negative when all variables are controlled for. To reveal any possi-
ble nonlinear effects, we also include the squared term of environmental regulation in
Model (1). However, none of the coefficients of the squared term are significant, thus
indicating that there is no U-shaped effect. Thus, these findings demonstrate that envi-
ronmental regulation provides a significant disincentive for green technology innovation,
echoing the findings of Guo and Liu et al. [14,44] and verifying Hypothesis 1.

4.2.2. Moderating Effect of Government–Public–Firm Level

Table 4 reports the moderating effects of the government, public, and firms on envi-
ronmental regulation. To prevent potential multicollinearity problems, variables involving
cross-product terms are centralized. Table 5 demonstrates the various moderating effects
as follows: environmental pressure and internal control have a moderating effect on green
invention innovation, while media attention moderates green utility-model innovation.
Specifically, as the coefficient of the cross-product of environmental regulation and envi-
ronmental pressure in Column (1) is significantly negative, environmental pressure plays
an enhanced moderating role, thus verifying Hypothesis 2a. Similarly, the coefficient of
the cross-product of media attention and environmental regulation on green utility-model
innovation in Column (4) is significantly positive, entailing that media attention has a weak-
ening moderating effect and plays a supervisory and governance role [45], thus confirming
Hypothesis 3b. The coefficient of the cross-product term of internal control and environ-
mental regulation in Column (5) is significantly positive for green invention innovation
among firms, thus implying that internal control mitigates the negative effect on green
invention innovation. Surprisingly, as illustrated in Figure 2c, this mitigation is reversed;
that is, it demonstrates that environmental regulation inhibits green innovation amid low
internal control but promotes it amid high internal control, thus supporting Hypothesis 4a.
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Table 2. Correlation analysis of major variables.

INV UTI ERF AIR MED IC SIZE AGE FV

INV 1
UTI 0.600 *** 1
ERF −0.122 *** −0.152 *** 1
AIR 0.049 * 0.0300 −0.082 *** 1

MED 0.190 *** 0.261 *** −0.027 1 0.100 ***
IC −0.032 −0.013 −0.009 1 0.137 *** 0.0530

SIZE 0.410 *** 0.432 *** −0.184 *** −0.015 0.524 *** 0.132 *** 1
AGE 0.157 *** 0.176 *** −0.093 *** −0.240 *** 0.166 *** −0.0310 0.458 *** 1

TOBIN −0.041 −0.051* 0.139 *** −0.069 * 0.092 *** −0.088 *** −0.216 *** 0.019 1
CEO −0.150 *** −0.171 *** 0.213 *** −0.032 −0.056 * −0.004 −0.120 *** −0.144 *** 0.057 *
PAY −0.114 *** −0.111 *** 0.193 *** 0.001 −0.192 *** 0.015 −0.331 *** −0.386 *** −0.028
INS 0.212 *** 0.194 *** −0.198 *** −0.030 0.281 *** 0.104 *** 0.508 *** 0.394 *** −0.087 ***

MANG −0.099 *** −0.140 *** 0.283 *** 0.058 * −0.080 *** −0.033 −0.269 *** −0.395 *** 0.030
BOARD 0.271 *** 0.270 *** −0.027 0.041 0.224 *** 0.087 *** 0.389 *** 0.213 *** −0.046

ROA −0.064 ** −0.033 0.039 −0.023 0.094 *** 0.205 *** −0.066 ** −0.119 *** 0.098 ***
HHI −0.071 ** 0.0200 −0.137 *** −0.058 * 0.061 ** 0.019 0.118 *** 0.210 *** −0.010

FIRST 0.072 ** 0.052 * −0.073 ** 0.071 ** 0.173 *** 0.086 *** 0.230 *** 0.122 *** −0.088 ***
CEO PAY INS MANG BOARD ROA HHI FIRST VIF

INV −
UTI −
ERF 1.130
AIR 1.140

MED 1.520
IC 1.080

SIZE 2.350
AGE 1.640

TOBIN 1.180
CEO 1 1.150
PAY 0.130 *** 1 1.220
INS −0.155 *** −0.183 *** 1 2.560

MANG 0.300 *** 0.282 *** −0.452 *** 1 1.460
BOARD −0.149 *** −0.075 ** 0.270 *** −0.155 *** 1 1.270

ROA 0.031 0.175 *** −0.079 *** 0.109 *** −0.040 1 1.140
HHI −0.079 *** −0.039 0.218 *** −0.153 *** 0.014 −0.026 1 1.090

FIRST −0.071 ** −0.009 0.572 *** −0.084 *** 0.061 ** −0.021 0.146 *** 1 1.640

Note: *** p < 0.01, ** p < 0.05, and * p < 0.1.
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Table 3. Direct-effect regression results.

INV UTI INV UTI INV UTI

ERF −0.835 ***
(−3.23)

−0.667 ***
(−2.76)

−0.590 ***
(−2.65)

−0.355 *
(−1.68)

−0.649 ***
(−2.97)

−0.387 *
(−1.90)

Constant −0.139
(−1.03)

−0.0385
(−0.32)

−17.23 ***
(−8.90)

−15.47 ***
(−9.15)

−15.50 ***
(−8.06)

−14.27 ***
(−8.59)

Controls No No Yes Yes Yes Yes
Year No No No No Yes Yes
rho 0.517 0.444 0.448 0.332 0.440 0.350
Log-

likelihood −1119.0 −1185.9 −1049.0 −1115.8 −1028.8 −1066.4

Prob > chi2 0.0012 0.0058 0.0000 0.0000 0.0000 0.0000
N 1130 1130 1130 1130 1130 1130

Note: *** p < 0.01 and * p < 0.1, and t statistics are in parentheses.

Table 4. Analysis of the results of moderating effects.

(1) (2) (3) (4) (5) (6)

INV UTI INV UTI INV UTI

ERF −1.233 ***
(−3.42)

−0.397
(−1.46)

−0.616 ***
(−2.76)

−0.672 **
(−2.51)

−0.507 **
(−2.19)

−0.390 *
(−1.79)

AIR −0.00458 0.000109
(−1.41) (0.04)

ERF*AIR −0.0175 **
(−2.09)

−0.00285
(−0.41)

MED −0.00598
(−0.08)

0.153 **
(2.19)

ERF*MED −0.136
(−0.67)

0.395 *
(1.87)

IC 1.649 **
(2.33)

0.213
(0.38)

ERF*IC 7.229 *
(1.79)

−0.354
(−0.33)

Constant −16.38 ***
(−7.25)

−14.89 ***
(−7.59)

−15.66 ***
(−7.43)

−12.73 ***
(−6.93)

−15.98 ***
(−8.26)

−14.32 ***
(−8.50)

Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
rho 0.460 0.388 0.438 0.344 0.448 0.364
Log-

likelihood −792.3 −819.0 −1028.6 −1062.3 −1017.6 −1055.1

Prob > chi2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
N 814 814 1130 1130 1121 1121

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

4.2.3. Robustness Test

(1) Endogeneity Test
Given the coherence of enterprise strategies, enterprise green technology innovation

may be highly autocorrelated with firm characteristics; that is, enterprise green technology
innovation in a given period may be influenced by that in a previous period and exhibit
inertial characteristics, while an endogenous relationship between green technology inno-
vation and firm characteristics may also exist as a type of mutual causality. Following Tian
and Li et al. [46], explanatory variables with a lag of one period are therefore introduced
into Model (1), and a dynamic panel data econometric model is established for robustness
testing as follows:

Yit = β0 + β1Yit−1 + β2ERFit + γControlit + YEARt + ui + εit (5)
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In addition, given the measurement method of environmental regulation in this
study, enterprises may affect environmental regulation due to innovation; thus, our results
may involve the endogeneity problem of bidirectional causality. Based on Huang and Li
et al. [47,48], explanatory variables that lag by one period were thus taken into account.
Furthermore, control variables may suffer from endogeneity problems. To rule out this
concern, a one-period lag is applied to all control variables. Table 5 depicts the results of
this re-regression; the coefficient of environmental regulation remains significantly less
than zero, effectively supporting the inhibitory role of environmental regulation.

Table 5. Endogeneity test results.

(1) (2) (3) (4) (5) (6)

INV UTI INV UTI INV UTI

L.INV 0.634 ***
(6.97)

L.UTI 0.432 ***
(5.80)

ERF −0.322 *
(−1.85)

−0.399 **

(−2.25)

−0.394 *
(−1.80)

−0.597 **
(−2.52)

L.ERF −0.441 **
(−2.05)

−0.658 ***
(−2.84)

Constant −9.890 ***
(−6.20)

−11.18 ***
(−7.38)

−15.97 ***
(−7.97)

−14.81 ***
(−8.57)

−13.81 ***
(−6.96)

−13.61 ***
(−8.00)

Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

N 1017 1017 1017 1017 1017 1017
Note: *** p < 0.01, ** p < 0.05, and * p < 0.1; and t statistics are in parentheses.

(2) Other Robustness Tests
We also performed robustness tests for direct and moderating effects. The direct

effect robustness test was conducted with three aspects. (i) We used sample tail shrinkage.
To alleviate the concern of extreme values regarding our results, the regressions were
conducted again by shrinking the top and bottom 1% of the observations of the continuous
variables. (ii) We added omitted variables. Since innovation capital investment is also an
essential factor affecting green innovation, we added innovation capital investment to the
control variables and measured it with the ratio of R&D investment to revenue. Since the
impact of innovation capital investment on innovation output has a time lag, we added
the indicators of innovation capital investment with one and two lag periods. (iii) We used
a replacement model. Since the explanatory variable is green innovation and has a large
number of zero values, we used the original values of the explanatory variables and panel
negative binomial regression during testing. These results are presented in Table 6. The
results of the shrinkage treatment are listed in the first two columns, the omitted variables
appear in the middle two columns, and the replacement models are presented in the last
two columns. The direction and significance of the coefficients of the major variables are
almost in line with those in the main text, indicating the robustness of our results.
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Table 6. Robustness test of direct effects.

(1) (2) (3) (4) (5) (6)

INV UTI INV UTI INV_raw UTIN_raw

ERF −0.709 **
(−2.47)

−0.772 ***
(−2.76)

−0.590 **
(−2.46)

−0.498 **
(−2.15)

−0.664 **
(−2.52)

−0.913 ***
(−2.86)

L.RDE 7.367
(1.08)

4.285
(0.65)

L2.RDE 3.199
(0.47)

−0.595
(−0.09)

Constant −15.26 ***
(−8.05)

−13.89 ***
(−8.45)

−17.28 ***
(−7.29)

−17.03 ***
(−7.89)

−16.19 ***
(−8.78)

−14.01 ***
(−8.57)

Controls Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes

N 1130 1130 571 571 1130 1130
Note: *** p < 0.01 and ** p < 0.05, and t statistics are in parentheses.

Additionally, the measures of the moderator were replaced to examine moderating
effects as follows: (i) Since PM2.5 pollution is one of the most harmful air pollutants, we
used the average annual PM2.5 concentration in the city where a firm is located to measure
environmental pressure. (ii) As listed companies are prone to extensive media coverage
due to their potentially unrelated positive or negative events, there may be distorted media-
attention data in the original model, undermining an accurate reflection of the typical
situation for environmentally themed media attention for a company; consequently, the
number of neutral reports about a company is used as a measure of its media attention.
(iii) Because logarithmically processed internal control data are used in the original model
to measure internal control, the original internal control data are reused as a proxy variable
for internal control. These results, which are reported in Table 7, thus suggest that both the
direction and significance of the coefficients of the cross-product terms are consistent with
those in the original model, indicating that these results are reliable

Table 7. Robustness test of moderating effects.

(1) (2) (3)

INV UTI INV

ERF −1.101 ***
(−3.16)

−0.797 ***
(−2.82)

−0.490 **
(−2.10)

AIR −0.005
(−1.42)

ERF*AIR −0.017 *
(−1.68)

MEDIA 0.083
(1.48)

ERF*MEDIA 0.503 **
(2.49)

IC 0.001 **
(2.03)

ERF*IC 0.004 *
(1.73)

Constant −16.34 ***
(−7.22)

−13.57 ***
(−7.55)

−15.98 ***
(−8.26)

Controls Yes Yes Yes
Year Yes Yes Yes

N 814 1130 1121
Note: *** p < 0.01, ** p < 0.05, and * p < 0.1; and t statistics are in parentheses.
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5. Discussion and Conclusions
5.1. Research Conclusions

Based on panel data from heavily polluting firms in China, we first investigated the
direct effects of environmental regulation. Then the moderating effects at the government–
public–firm level were explored. Accordingly, we have drawn the following conclusions:

First, environmental regulation has a significant inhibitory effect on both types of
green technology innovation. That is, strict environmental regulation imposes higher
compliance costs on heavily polluting firms, while innovation compensation seems difficult
to offset [49,50] and often manifests as lower green technology innovation in the real
world. This is in line with the findings of He and Cai et al. [9,51] and echoes Palmer
et al.’s questioning of the use of “innovation compensation to offset compliance costs” [52].
However, this finding contradicts the results of Cai et al. [7], who have shown that stricter
direct environmental regulations provide incentives for green technology innovation among
heavily polluting firms. However, we specifically focused our study on the impact of
environmental regulations at the firm level. Heavily polluting firms are generally subject to
pressure to generate profit (with an average return on assets of only 3.5%), but they face
higher compliance costs than those in other industries. This dual pressure causes heavily
polluting firms to be self-conscious amid environmental regulation and thus reduce green
technology innovation.

Second, the role of moderators varies as follows: (i) Higher government environmental
pressure strengthens the inhibitory effect of environmental regulation on green invention
innovation. This finding reveals the crowding-out moderating effect of government envi-
ronmental pressure. Government environmental pressure translates into compliance costs
for firms [53], affecting the allocation of firms’ relevant attention and exacerbating their
shortsighted behavior [54]. Nevertheless, as green innovation requires sufficient long-term
resource (including attention) investment and carries the risk of failure [55], firms can
become exhausted when coping with shifting government environmental pressure, thereby
reducing their green innovation. (ii) Higher public media attention mitigates the inhibitory
effect of environmental regulation on green utility innovation. This finding reveals the
quasi-monitoring moderating role of public media attention. Media attention constructs a
unique monitoring and governance environment for firms by allocating public attention
and expressing public demands [56]. In addition, as the relevant short cycle times and low
investments of utility innovations are more responsive to firms’ urgent need to gain legiti-
macy than inventive innovations [57], they are therefore more likely to be moderated by
media attention. (iii) Better internal controls mitigate or even reverse the negative effects of
environmental regulation on green inventive innovation. This finding reveals the adaptive
moderating role of corporate internal controls. That is, better internal controls promote a
firm’s ability to manage its operations, improve its resource allocation efficiency [26], and
even successfully accommodate its internal and external stakeholder expectations, thereby
substantially increasing its green innovation. This is reflected in a significant moderation of
a firm’s green invention innovation.

5.2. Theoretical Contributions

Defining environmental regulation at the macrolevel has attracted sufficient research
interest, mirrored by a lack of research at the microlevel. In addition, scholars continue to
debate the feasibility of the weak Porter Hypothesis, probably due to insufficient scenario-
based discussions. Therefore, the theoretical contribution of this study, based on the above
two points, is twofold: (i) By expanding the connotation of environmental regulation
to the firm level, we show that the objective of macrolevel environmental regulation is
to internalize environmental costs. Using this objective as an entry point, environmental
regulation is measured by the cost of environmental governance for firms. This view focuses
more on interfirm differences, while providing ideas for future research and (ii) constructing
a scenario-setting framework for the weak Porter Hypothesis. That is, based on stakeholder
theory, we constructed a government–public–firm moderator framework to establish the
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relevant scenario and provide a theoretical basis for moderator selection, enriching the
scenario-based discussion on the weak Porter Hypothesis.

5.3. Practical Insights

The widespread application of environmental regulation controls environmental pol-
lution and reduces the human health costs arising from salient health problems, thereby
alleviating ecological damage and social-welfare burdens. Although our study has shown
that environmental regulation inhibits green technology innovation—just as Hickel’s
“modern environmental protection aims to bet on speculative technological change” [3]—
technological innovation is an essential solution for environmental pollution. This view
reveals the reality of the need to manage the relationship between environmental regulation
and green technology innovation.

Accordingly, our findings provide practical insights for managing green technologi-
cal innovation. (i) Governments have a dual objective of balancing the need to alleviate
environmental pressures with the need to promote green innovation by firms. With this ob-
jective in mind, governments should be aware of the negative moderating effect of shifting
environmental pressures on firms, especially on heavily polluting firms amid the pressure
to turn a profit, regarding green innovation. Given the importance of green innovation for
environmental protection, complementary incentives should therefore be implemented.
For example, the effectiveness of government R&D support and tax incentives has been
proven by Bai and Yigitcanlar et al. [58,59]. (ii) The public should pay attention to the
quality of technology and play a more significant role in monitoring and governance by
paying attention more profoundly and voicing demands. Moreover, while this study has
demonstrated the positive moderating effect of media attention on green practical inno-
vation, it has not done so for patents concerning higher-quality green inventions. To fill
this gap, the public should focus more on high-quality green invention innovation with
potential than on broader innovation. (iii) Firms should take the initiative to improve their
internal controls. As this study has verified the positive contribution of internal controls
to the innovation of green inventions, enterprises should excel at risk control and cost
management during technological innovation by using a sound internal-control mechanism
to avoid the negative impact of changes in their internal and external environments.

5.4. Limitations

Despite our important findings in this study, there are still some limitations. First,
we enriched the research context by selecting government–public–firm moderators, but
executive traits and board governance still have opportunities for a similar application.
Second, we used a static model to investigate the short-term effects of environmental
regulation, but the relevant long-term effects still merit further investigation.
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Appendix A

Table A1. Variable definitions.

Type Variable Abbreviation Definition or Measurement

Dependent variable Green invention innovation INV
Number of green-invention patents

applied for in year t plus one and taken as
a logarithm

Green utility-model innovation UTI
Number of green utility model patents

applied for in year t plus one and taken as
a logarithm

Independent variable Environmental regulation of
the firm ERF

Ratio of environmental management
expenses to the main business revenue of

the enterprise in year t

Moderator

Environmental pressure AIR Average air-quality index of the
firm’s location

Media attention MED Logarithm of the total number of online
media reports plus one in year t

Internal control IC Logarithm of the internal control index of
the company plus one in year t

Control
variable

Enterprise size SIZE Logarithm of total assets

Listing age AGE Firm’s listing age plus one and taken as
a logarithm

Market performance TOBIN Logarithm of Tobin’s Q

Two jobs in one CEO Whether the chairperson and CEO are the
same person: 1 for yes and 0 for no

Solvency PAY Ending balance of corporate cash and cash
equivalents divided by current liabilities

Institutional shareholding INS Institutional shareholding ratio
Executive shareholding MANG Executive shareholding ratio

Board size BOARD Total number of board members
Profitability ROA Firm’s return on total assets

Industry competition HHI Herfindahl–Hirschman Index (HHI),
calculated by using operating income

Equity concentration FIRST Percentage of largest shareholder
Year YEAR Year dummy variable
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