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Abstract: There is a clear target and roadmap for the peaking of carbon emissions and achievement
of carbon neutrality, and prior to this target being reached, penalties have been formulated to
supervise enterprises and prompt green innovation. This study aimed to investigate the transmission
mechanism between environmental penalties and green innovation using an empirical econometrical
model and two sets of samples—punished firms and heavily polluting listed firms—amounting to
520 punished firms and 6043 firm-year observations. The main conclusions were threefold. Firstly,
regarding the panel data, of the three parameters, namely, the times of penalties, the number of penalty
fines, and the intensity of the penalty, only the number of penalty fines were statistically significant
in terms of green innovation, indicating that only the hypothesis that, the higher the number of
environmental penalties, the greater the green innovation that could be supported. Secondly, from
a longitudinal perspective, there was one spontaneous effect on green patents, but the effect faded
quickly in the second year after the punishment, indicating that firms did not seek green innovation
as the solution for environmental penalties from a long-term perspective. Thirdly, the case number of
external penalties in a province was significantly statistically associated with green innovation under
an intertwined effect of the actual controller and shareholders. Therefore, there was a spillover of
the deterrence effect from external penalties, with a higher number of penalty cases in a province
corresponding to greater green innovation but with a very subtle coefficient. In addition, taking the
median as the benchmark for group division, the group smaller than the median was statistically
significant, while the group with a higher number of external penalties was not statistically significant,
suggesting that firms were used to the penalties issued by environmental authorities.

Keywords: environmental penalty; internal governance; external governance; green innovation;
deterrence effect

1. Introduction

The goals of the peaking of carbon emissions by 2030 and achievement of carbon neu-
trality by 2060 were formulated by the Central Committee and State Council. Meanwhile,
green innovation is regarded as a primary contributor to the carbon target, becoming a
primary factor for the mitigation of climate change. Prior to reaching the settled strategic
target, regulators have exerted continuous pressure on enterprises, but firms can deploy
diversified solutions to offset the pressure of penalties, such as mimicking a green im-
age [1], achieving profitability and emission reduction via options contracts [2], green
bonds [3], avoidance of environmental regulations and corporate taxes [4], environmen-
tal regulations and corporate green investment [5], greenwashing [6], and being public
and private companies aiming towards a net zero carbon economy [7]. Therefore, in this
game between authorities and enterprises, could environmental penalties achieve the goals
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of environmental protection and green innovation? This study aims to investigate the
transmission mechanism between environmental penalties and green innovation. How
do enterprises respond to environmental penalties? Do environmental penalties have a
deterrence effect on green innovation? What are the intertwined mechanisms of internal
and external governance that act upon green innovation?

The structure of this study is organized as follows. Section 2 describes a literature
review, a summary, the problem formulation, and the research questions. Section 3 lays out
the methodology and sample explanation. Section 4 discusses the empirical studies and
results, and Section 5 follows with a discussion, a conclusion, policy implications, potential
limitations, and directions for further research.

2. Literature Review
2.1. Environmental Penalties and Green Innovation

Regarding the definition of environmental penalties, they refer to the measures of
fines, rectifications, shutdowns, etc., deployed by authorities to punish firms for their
behaviors. Meanwhile, green innovation has been acknowledged to produce new products
and processes that reduce environmental impacts, and in the empirical studies conducted
here, the term refers to green patents.

Regarding the effect of environmental penalties, the previous literature mainly focused
on the following aspects. Firstly, if penalties have a substantial impact on firms’ profits that
outweigh the benefits of environmental pollution, firms intend to comply with environ-
mental laws and regulations. For example, penalties are detrimental to the intangible assets
of firms’ reputations and stock returns [8], corporate reputations, market value, customers,
and suppliers in the supply chain [9]. Secondly, there are direct and indirect behaviors
caused by the imposed penalties, such as an adverse effect on firms” environmental invest-
ment [10], an increase in audit fees [11], and a trade-off for subsidies [12], with the features
of a major deterrent effect and a high cost of non-compliance [13]. Thirdly, focusing on
the positive effects on innovation, such as open innovation and government support in
enhancing green process innovation [14], digitalization capability significantly increases
the use of open innovation as a moderation approach to government penalties [15]; mean-
while, the Two-Track approach of the stick and carrot positively mediates the relationship
with green innovation [16]. Accordingly, this research supports the idea that penalties are
positively and indirectly associated with green innovation, but a broader definition of green
innovation is used here.

2.2. Internal and External Governance with Green Innovation

Why do firms vary regarding the level of green innovation, particularly under the
constraints of penalties? There are diverse approaches and methodologies in exploring the
relationship between internal and external governance and green innovation.

Initially, regarding internal governance and green innovation, the variables for an
enterprise have different effects on green innovation, such as positive associations with
firm profitability [14], stakeholder pressures [15], firms’ environmental awareness [16],
and board reforms [17], as well as negative associations with the proportion of family
ownership and carbon performance [18]. Furthermore, it has been found that net income
and eco-efficiency play a decisive role in increasing economic sanctions and innovation
subsidies [19]; additionally, there is an inverse U-shaped relationship between the indirect
environmental target and the quality of green innovation [20]. Moreover, internal driving
factors, such as environmental honors and the political promotion of state-owned enter-
prises, have a positive association with green innovation behaviors [21], but this research
was based on data pertaining to planned willingness. Accordingly, there are numerous
internal variables affecting green innovation under different preconditions.

Secondly, there are several different perspectives on external governance and green
innovation. The market structure is an important driver; a monopolist, under a regulatory
penalty, has a rational motivation to strike a balance between the cost of green innovation
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investment and the pressure of punishment [10]. Additionally, different variables of green
innovation have been considered. For example, the board structure is more important than
ownership structures in promoting green innovation [22], and the linkage of economic
growth accelerates eco-innovation [23]; in addition, environmental regulation and techno-
logical innovation [24], norms and regulations [16], simultaneous green innovation in the
upstream and downstream [12], the U-shaped impact on export technological sophistica-
tion and green innovation [25], and the positive moderating effects of labor and capital [26]
have been explored. Meanwhile, stricter environmental regulation increases green inno-
vation [27]. Firms switch to producing green patents when committing environmental
violations with high legal costs in the long run [28]. Green credit policy inhibits green
technology innovation, while for financial surpluses, it is the opposite [29]; however, public
environmental awareness only prompts symbolic green innovation [30]. Therefore, these
external variables exert different effects on green innovation.

2.3. Summary and Critique

These studies focused on single links in the green innovation ecosystem, such as
enterprises’ influencing factors, external governance, and internal governance in the trans-
mission mechanisms between environmental penalties and green innovation. Firstly, these
studies primarily relied on reviewed perception data, giving rise to disparities and dis-
crepancies between cognitive and actual behaviors. Secondly, studies that investigated
environmental regulations and green innovation primarily focused on the impacts in a
single chain but lacked a mechanistic approach that assessed the linkages among penal-
ties, internal and external governance, and green innovation. Thirdly, firms’ behaviors in
responding to environmental penalties are complicated, and there is distortion in the trans-
mission process, demonstrating that different options can be deployed by punished firms to
offset the detrimental influence of penalties instead of the sole option of green innovation.

2.4. Research Hypotheses

Hypothesis 1 (H1). Environmental penalties lead to greater green innovation.

Hypothesis Hla. The more penalties issued by authorities, the greater the green innovation.
Hypothesis H1b. The higher the penalty fines, the greater the green innovation.
Hypothesis Hlc. The higher the intensity of the penalties, the greater the green innovation.

How do environmental regulations affect patterns of green innovation? There is an ad-
verse effect on firms’ environmental investment [10], and the intensity of green innovation
is positively associated with firm profitability [14], stakeholder pressures, organizational
learning, and green innovation [15]; propensity results are affected by internal variables,
such as firms’ environmental awareness, company staff, and capabilities [16], board re-
forms [31], the effect on corporate social responsibility [32], and indirect momentum for
green innovation [33]. The proportion of family ownership is negatively associated [6] with
corporate governance and carbon performance [18]. Meanwhile, environmental penalties
can increase audit fees; the stronger the regional environmental regulation, the greater
the positive impact [11]. Meanwhile, at the early stage, penalties have a more significant
influence than of subsidies, but independent R&D investments are more reliable than
subsidies [12]. Internal driving factors, such as environmental honors and the political
promotion of state-owned enterprises, have a positive association with green innovative
behavior [21]. Accordingly, there are numerous internal variables that have a positive
association with green innovation.

Hypothesis 2 (H2). There is a spillover of the deterrence effect from external penalties; the more
penalty cases in a province, the greater the green innovation.
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Is there a spillover of the deterrence effect from imposed penalties? Previously, regard-
ing the spillover of the deterrence effect, a positive relationship between environmental
innovation and integrated environmental disclosure and regulations was demonstrated; it
was found to be affected by norms and regulations, but the monetary and fiscal incentives
were not revealed to be significant [16]. A positive moderating effect from labor and capital
was found [26], which emphasized the importance of external influences. Meanwhile,
penalties have an environmental deterrence effect and a positive effect on environmental
investment; the heavier the penalty is, the more pronounced its effect, but firms receiving
subsidies do not increase their investment in environmental governance and green inno-
vation [9], thus laying out the parameters of the effects of penalties on firms’ behaviors.
In addition, the approaches that are deployed to enforce penalties affect the deterrence
effect—for example, there can be a high deterrence effect and high cost of non-compliance
instead of a one-off, one-size-fits-all strategies [13], and different peer effects can be used
within the same province, industry, and product market by deploying spatial econometric
techniques [34]. Therefore, there is a deterrence effect, but only under certain constraints
and preconditions.

3. Methodology and Research Design
3.1. Data and Samples

Two sets of samples were used in this study; one included heavily polluting listed firms,
while the other included listed firms punished by the environmental authorities. These
two sets had a certain overlap, and the firms in both sets were listed in China’s Shanghai
and Shenzhen A-share markets over the period of 2010-2021. Meanwhile, the list of
heavily polluting listed companies was based on their environmental information disclosure
published by the Ministry of Environmental Protection in 2010. The financial data in this
study were obtained from the China Stock Market and Accounting Research (CSMAR)
database. The data on administrative environmental penalties and green patents came
from the Chinese Research Data Services Platform (CNRDS). Additionally, the following
step was taken for sample processing: the deletion of samples with special treatment (*ST,
ST), missing samples, and extreme values. After this process, there were 19,255 firm-year
observations in total, including 6043 firm-year observations for 520 firms punished by the
environmental authorities. The heavily polluting listed firms were selected based on the
guidelines of environmental information disclosure.

3.2. Empirical Econometric Model

The conventional econometric model was employed to test the hypotheses and the
specific effects of penalties.

green innovation; , = Bo + By Penalties; ; + Z,BilnterControlsi,t + &y (1)

green innovation, , represents a green patent of firm i in year t, while Penalty represents
the number of penalties, the number of fines due to penalties, and the severity of penalties
of firm 7 in year t.

green innovation; ; = Bo + PrpunishTime; ; + P PunishAmount; ;+
B3Punishintensity; , + Byshrholderl;; + BsControllerl;; + BeLnsize; 1+ ()
B7LiabilityA, , + BsReturnOA; s + BoHiPollution;; + BigProvpenalty, ; + ;s

green innovation; ,  v(_1,34)
= Po + BrpunishTime,; , + Po PunishAmount; ;
+BsPunishIntensity; , + Bashrholderl; 3)
+BsControllerl;; + PeLnsize;; + ByLiability A;
+BsReturnOA; ; + BoHiPollution; ; + /BloProvpenaltyi,t ey
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Formula (1) is a basic framework for the dependent variable of green innovation and
independent variables represented by the parameters of penalties and internal and external
variables. Formula (2) elaborates on the specific variables in Formula (1). Formula (3)
demonstrates the function from a longitudinal perspective; the benchmark is 0, referring
to the year of imposing the penalties, 1 is regarded as one year after the penalties, 2 is
regarded as two years after the penalties, and so on for the other numbers. Additionally,
because of the potential asymmetric, it deploys the values of natural log for some variables
in the empirical studies, and being presented in the specific tables.

3.3. Parameters and Descriptive Analysis

Regarding the variables, as shown in Table 1, green innovation refers to the specific
number of green patents each year and is the dependent variable. Meanwhile, regarding
the independent variable, there are certain sub-groups depending on the measurement of
environmental penalties; three dimensions are covered, namely, the number of penalties,
the penalty fines, and the severity of the penalties. Additionally, the controlled variables
refer to internal and external governance; internal governance includes financial variables,
such as the return on total assets, asset-liability ratio, the shareholding of top shareholders,
and actual controllers. External governance refers to the case of environmental penalties
in the province where the headquarters of a specific firm is. Lastly, the different levels
of penalties are shown in Table 2, the descriptive analysis of observations is shown in
Table 3,and the correlation among the variables is shown in Table 4.

Table 1. List of the variables and their specific definitions.

Type Variables Definition
greenPatent Numeric variable referring to the number of green patents registered yearly.
IngreenPatent Numeric variable referring to the natural log of green patent numbers

Dependent variables registered yearly.

Numeric variable referring to the natural log of green patents numbers plus 1

IngreenPatentl registered yearly for the data analysis.
HiPollution ];)ummy Varlable.; 1 refers to the firm being listed as a high-pollution firms, while 0
indicates otherwise.
Independent variables Dummy variable; 1 refers to firms being punished by the environmental authorities,
Penalty o .
and 0 indicates otherwise.
Growthgp Numerical variable referring to the increase compared with the previous year.
. Numerical variable referring to the total cases of punishment issued by the
External variable Provpenalty : e .
environmental authorities in a province yearly.
shrholder1 Numerical variable for the share percentage that the top shareholder owns.
Dummy variable for firms’ actual controllers; 1 refers to related stated-owned firms,
including local state-owned enterprises, the local state-owned asset administration
Controller - - y .
Firms’ parameters bureau, central-state-owned enterprises, and universities; 0 refers to individuals,
foreign capital, and workers’ unions.
Lnsize Numerical variable for the size of the firm according to the natural log of total assets.
Liability Numerical variable referring to the total liability divided by the total assets.
ReturnOA Numerical variable referring to the net income divided by the total assets.
- Numerical variable referring to the number of times that firms have been punished
punishTime . .
by the environmental authorities.
Penalties . Numerical variable referring to the amounts of penalty fines from the environmental
punishAmount . rities (unit: 10,000 RMB).
InpunishAmount Numerical variable referring to the natural log of penalty fines.
punishintensity Numerical variable for cumulative scoring for different types of penalties.
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Table 2. Categories and levels of corporate environmental penalties.

Categories Labels (Scoring for Severity)
Warning, rectification before a certain deadline 1
Fines <5 1
5 < Fines < 20 2
Fines (units: 10,000 RMB) 20 < Fines < 40 3
40 < Fines < 60 4
60 < Fines 6
Seal up, seize, and confiscate illegal gains 6
Order to restrict production 6
Order for the suspension of production for rectification 12
Administrative detention for environmental crime 12

Notes: There are different types of environmental penalties, including warnings, fines, rectifications, and suspen-
sions of production; the severity scoring assessment was conducted according to the guidelines for the analysis
of enterprises’ environmental credit. Meanwhile, the specific scoring for the index of penalties and hierarchy of
authority deployed is slightly different [11], but the same framework is used overall.

Table 3. Descriptive analysis for observations.

Variable Obs Mean Std. Dev. Min Max
HiPollution 19.255 0.8568 0.3502 0 1
Penalty 19.255 0.3138 0.4641 0 1
greenPatent 19.255 2.060 1.160 0 728
IngreenPatent 5.409 1.127 1.128 0 6.590
IngreenPatentl 19.255 0.423 0.8285 0 6.592
Growthgp 19.255 0.4205 6.407 —406 360
Provpenalty 19.255 1165 2.595 0 17,106
shrholderl 19.255 0.3699 0.1603 0.0029 0.8999
Controller 19.255 0.5131 0.4998 0 1
Lnsize 19.255 2.189 1.415 12 29
LiabilityA 19.255 0.5646 7.525 0.00056 1.013
ReturnOA 19.255 0.0309 0.4212 —48.316 8.449
punishTime 6.043 3.144 620 0 77
punishAmount 6.043 133.33 1016 0 17,036.14
InpunishAmount 5.457 2.867 1.686 —0.223 9.743
punishintensity 6.043 5.264 4.952 1 24

Notes: For some variables that are asymmetric, such as greenPatent and punishAmount, it takes the logarithm
values, and the histogram and kdensity distributions for these variables are presented in Figure 1.

Table 4. The correlations among the variables.

No. Variable 1 2 3 4 5 6 7 8 9 10 11 12 13
1 HiPollution 1

2 Penalty —-0.60* 1

3 greenPatent —0.07* 0.07* 1

4 growthgp —-0.03* 0.02* 0.57 * 1

5 provpenalty —-0.07* 0.03* 0.07* 0.02 1

6 shrholderl 0.03 * 0.05 * 0.04 * 0.02 —0.09* 1

7 controller 0.02* 0.07* 0.04* 0.02 —-023* 0.26* 1

8 Insize 0.06 * 0.28 * 0.10* 0.12* 0.19 * 0.1813 * 1

9 liabilityR —-0.06* 1

10 ReturnOA 0.05* 0.06 * —0.09* 1

11 punishTime 0.12* 0.06 * 0.03 —0.05* 0.17* 0.13* 0.28 * 1

12 punishAmount —0.03 0.09 * —0.03* 0.06* 0.07* 0.12* 1

13 punishnte~y 0.09 * —0.04* 0.08 * 0.25* 1

Note: * p < 0.05, and the correlations among different variables are presented in Table 4.
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Figure 1. The histogram and kdensity distributions for the variables: greenPatent, IngreenPatent
((Top), (left) vs. (right)); greenPatent1, IngreenPatent1 ((middle), (left) vs. (right)); punishAmount
and InpunishAmount ((bottom), (left) vs. (right)). Note: In the (left) panel, asymmetricity is
indicated; the specific models were tested with the logarithm values. Alternatively, the Poisson
regression can be deployed.

4. Empirical Results and Findings
4.1. Hypothesis 1

Regarding Hypothesis 1 (H1), environmental penalties led to greater green innovation—
specifically, a greater number of times that a penalty was issued by the authorities, larger
amounts of penalty fines, and a higher penalty intensity led to greater green innovation.

In the test, as shown in Table 5 in the format of a panel dataset, the coefficients for
the number of penalties and the intensity of penalties were not statistically significantly
associated with the dependent variables, indicating that the specific hypotheses (H1a and
H1c) could not be supported. Only the amounts of penalty fines were statistically signifi-
cantly associated with green innovation, thus supporting the hypothesis that the greater
the environmental penalties, the greater the green innovation (H1b). In comparison with
previous research on the identification of factors affecting investment in environmental
innovations, the propensity results were affected by the internal variables, such as firms’
environmental awareness and capabilities, while for the external variables, the propensity
was also affected by norms and regulations, but the monetary and fiscal incentives were not
found to be significant [16]. The external variable of regulations was found to be significant,
but this observation relied on perception data. Meanwhile, theoretically, environmental
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regulations promoted enterprises’ green innovation, and there was a decreasing effect rang-
ing from penalties to subsidies in a tripartite evolutionary game model [19]. Additionally,
when log (greenPatents+1) was used to avoid the asymmetry, this conclusion was also
supported in Table 6.

Table 5. The test results for Hypothesis 1.

Model 1 Model 2 Model 3 Model 4

Yearprior > 0 (All Samples after Punishments)

punishTime —0.110 —0.162
(0.10) (0.10)
punishAmount 0.002 0.002 *
(0.00) (0.00)
punishIntensity 0.029 0.004
(0.12) 0.12)
HiPollution —3.756 ** —3.961 *** —3.934 ** —3.780 **
(1.21) (1.20) (1.21) (1.22)
ProvPenalty 0.000 0.000 0.000 0.000
(0.00) (0.00) (0.00) (0.00)
ShrHolder1 1.335 1.493 1.086 2.037
(4.14) (4.14) (4.14) (4.16)
Controller —1.365 —1.374 —-1.372 —1.372
(1.34) (1.34) (1.34) (1.34)
InSize 8.535 *** 8.318 *** 8.393 *** 8.515 ***
(0.49) (0.47) (0.47) (0.49)
Liability 0.219 0.207 0.212 0.215
(0.16) (0.16) (0.16) (0.16)
ReturnOA —5.886 —5.602 —5.697 —5.919
(4.38) (4.37) (4.38) (4.38)
Constant —183.5 ¥** —179.1 ** —180.6 *** —183.3 #**
(10.67) (10.36) (10.37) (10.72)
R? 0.162 0.163 0.162 0.164
df r 1943 1943 1943 1943
Bic 18,342 18,340 18,343 18,352

¥p<0.05, " p < 0.0L, ™ p < 0.001.

Table 6. The test results for Hypothesis 1 with the logarithm value of IngreenPatentl.

Model 1 Model 2 Model 3 Model 4
Ingreenpantentsl
Yearprior > 0 (All Samples after the Punishments)
punishTime 0.005 —0.001
(0.00) (0.00)
InpunishAmount 0.068 *** 0.059 ***
(0.01) (0.02)
punishIntensity 0.014 ** 0.009
(0.00) (0.01)
HiPollution —0.094 * —0.128 ** —0.108 * —0.132 **
(0.05) (0.05) (0.05) (0.05)
ProvPenalty 0.000 *** 0.000 ** 0.000 *** 0.000 **
(0.00) (0.00) (0.00) (0.00)
ShrHolder1 —0.328 * —0.125 —0.294 —0.119
(0.16) 0.17) (0.16) 0.17)
Controller —0.057 —0.052 —0.059 —0.051
(0.05) (0.05) (0.05) (0.05)
InSize 0.441 *** 0.441 *** 0.450 *** 0.444
(0.02) (0.02) (0.02) (0.02)
liabilityR 0.010 0.008 0.011 0.009
(0.01) (0.01) (0.01) (0.01)
ReturnOA —0.186 —0.229 —0.213 —0.237
(0.17) (0.19) 0.17) (0.19)
constant —8.903 *** —9.093 *** —9.161 *** —9.191 ***
(0.41) (0.42) (0.40) (0.43)
R? 0.263 0.284 0.266 0.285
df r 1943 1755 1943 1753
bic 5630 5049 5623 5061

*p <0.05,* p <0.01, *** p < 0.001; it is consistent with the previous testing.
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Meanwhile, environmental penalties can increase audit fees and environmental ad-
ministration [11]. A positive relationship was found between environmental management
and financial performance [35]. High-emission firms face shorter loan maturities, higher
interest rates [36], and green credit guidelines for the promotion of corporate green tech-
nology [37]. This research supported the hypothesis that penalties have a certain effect
related to public reputation, credit, and finance; meanwhile, certain variables lead to green
technology. However, these studies primarily deployed perceived data. In order to further
investigate the effect of penalties on green innovation, a study was conducted from the
longitudinal perspective according to Formula (3) instead of only a panel dataset.

From the longitudinal perspective, as shown in Table 7, according to Formula (3), the
effect of penalties faded over time. This indicated that parameters, including the number of
times that punishments were issued and the penalty amounts, were statistically significant
in the year in which the penalties were imposed and one year after the punishment. How-
ever, from the second year, the effect faded, and the variables were no longer statistically
significant. Meanwhile, the logarithm values deployed in the eimprical studies also support
the above conclusion being presented in Table 8. Accordingly, firms did not seek green
innovation as the solution for environmental penalties in the long-term perspective. This
was consistent with research in the fields of emission trading behaviors in the EU [38],
corporate environmentalism in managerial delegation, and abatement subsidy policies for
Pareto-improving alignment [39]. European companies translate their carbon reduction
strategies into carbon targets according to their CEOs’ short-term and long-term compen-
sation [40]. Firms switch to producing green patents when committing environmental
violations with high legal costs in the long run [28].

Table 7. A comparison of the effects of penalties imposed in different years.

Model 1 Model 2 Model 3 Model 4 Model 5
Year of Penalty Imposed =0 1 Year after Penalty =1 2 Years after Penalty = 2 3 Years after Penalty = 3 4 Years after Penalty = 4
HiPollution —1.133 —0.777 —1.343 0.049 —0.500 —1.490 —2.299 —2.327 —4.548 * —4.217
(1.31) (1.29) (1.21) (1.53) (1.55) (1.24) (1.68) (1.72) (2.27) (2.34)
ProvPenalty 0.000 0.000 0.000 0.000 0.000 0.000 —0.000 —0.000 —0.000 —0.000
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
ShrHolderl 7.320 9.688 * 2.878 10.070 6.340 2.391 5.502 5.147 —9.056 —9.709
(4.55) (4.47) (4.38) (5.33) (5.41) (4.45) (5.87) (5.96) (7.94) (8.08)
Controller 0.233 0.099 0.462 —0.220 0.050 0.434 —1.854 —2.021 0.800 0.641
(1.48) (1.44) (1.35) (1.71) (1.76) (1.36) (1.93) (1.95) (2.52) (2.56)
InSize 5.233 *** 5.167 *** 2.684 *** 6.118 *** 6.003 *** 2.573 *** 4.726 *** 4.678 *** 6.005 *** 6.071 ***
(0.59) (0.59) (0.55) (0.70) (0.70) (0.57) (0.76) (0.79) (0.85) (0.89)
liabilityR —8.561 * —8.243 * 2.682 —8.064 —8.640 2.676 —0.410 —0.572 0.721 0.783
(3.97) (3.87) (3.45) (4.36) (4.46) (3.46) (4.89) (4.93) (0.75) (0.76)
ReturnOA —25.412* —25.254* 2.197 —7.052 —5.875 2.869 —17.639 —17.861 —1.283 —0.992
(12.30) (12.12) (8.75) (9.36) (9.59) (8.80) (9.45) (9.59) (4.80) (4.87)
punishTime —0.230* —0.350 ** 0.112 0.094 0.008
0.12) (0.13) (0.12) (0.16) (0.20)
punishAmount 0.003 *** 0.004 *** —0.001 —0.002 —0.002
(0.00) (0.00) (0.00) (0.00) (0.00)
punishIntensity 0.045 —0.002 0.050 0.055 —0.038
(0.13) (0.15) (0.12) (0.18) (0.23)
constant —110.5*** —110.1 *** —57.6 *** —131.8 *** —128.1 *** —55.4 *** —99.7 *** —98.7 *** —124.6 *** —125.5 ***
(12.04) (12.12) (11.57) (14.62) (14.72) (12.10) (15.81) (16.55) (18.79) (19.78)
R? 0.222 0.268 0.117 0.255 0.206 0.120 0.176 0.178 0.228 0.230
df_r 382.0 379.0 328.0 364.0 367.0 325.0 270.0 267.0 213.0 210.0
bic 3.124.6 3.119.1 2.601.9 3.115.3 3.121.6 2.618.2 2.290.2 2.306.4 1.903.5 1.919.1

*p <0.05,% p < 0.01, ** p <0.001.

Therefore, according to the previous two tests, the conclusion that environmental
penalties cannot lead to greater green innovation from a long-term perspective, except
for the penalty fine amount could be, while from a short-term perspective, there was a
spontaneous and instinctive conditioned effect on green innovation, but the effect quickly
faded away. Accordingly, regarding the characteristics of green innovation, there was
a non-obvious direct economic effect and long investment cycle—the double externality
of environmental and innovation externality—giving rise to double market failure and
causing investment in green innovation to be less active than expected.
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Table 8. A comparison of the effects of penalties imposed in different years with logarithm values.

IngreenPatent Model 1 Model 2 Model 3 Model 4 Model 5
Year of Penalty 1 Year after 2 Year after 3 Year after 4 Year after
Imposed =0 Penalty Penalty Penalty Penalty
HiPollution —0.372* —0.012 —0.178 —0.194 —0.322
(0.17) (0.17) (0.17) (0.19) (0.23)
ProvPenalty —0.000 0.000 0.000 0.000 —0.000
(0.00) (0.00) (0.00) (0.00) (0.00)
ShrHolder1 0.575 1.266 * 0.798 0.266 —0.228
(0.57) (0.58) (0.63) (0.62) (0.81)
Controller 0.251 —0.004 0.045 —0.033 —0.214
(0.18) (0.18) (0.18) (0.21) (0.24)
InSize 0.429 *** 0.441 *** 0.253 ** 0.388 *** 0.524 ***
(0.07) (0.07) (0.08) (0.08) (0.09)
liabilityR -0.177 —0.192 0.472 0.363 0.047
(0.56) (0.48) (0.48) (0.58) (0.10)
ReturnOA —0.980 0.771 2.073 —2.088 0.086
(1.48) (0.81) (1.57) (1.37) (0.96)
punishTime —0.024 * —0.017 0.012 0.001 —0.009
(0.01) (0.02) (0.02) (0.02) (0.01)
InpunishAmount 0.041 0.089 0.073 0.012 —0.016
(0.06) (0.06) (0.06) (0.07) (0.08)
punishIntensity 0.033 0.003 0.008 0.008 0.001
(0.02) (0.02) (0.02) (0.02) (0.02)
constant —8.752 *** —9.391 *** —5.362 ** —7.745 *** —9.962 ***
(1.50) (1.54) (1.64) (1.66) (2.06)
R? 0.334 0.319 0.222 0.275 0.354
df_r 153 161 159 133 90
bic 508 545 548 466 336

*p <0.05,* p <0.01, ** p < 0.001.

4.2. Hypothesis 2

Regarding Hypothesis 2, there was a spillover of the deterrence effect from external
penalties; the greater the number of penalty cases in a province, the greater the green innovation.

As shown by the results of the tests in Table 9, the coefficients of external penalties were
statistically significant, except for the sample in Model 4, but the coefficients were subtle
and tiny. Meanwhile, the percentages of the top shareholders and the actual controllers
were statistically significant, which was consistent with findings regarding the monitoring
of the board of directors and managerial incentives [41]. A robust linear and positive
relationship was found between board gender diversity and carbon performance [42]; in
addition, there was a positive relationship with the presence of independent directors and
a negative relationship with local shareholders [43]. A gradual increase in the Climate
Compliance Index despite disparities across sectors and management areas was imposed
by external pressure [44], thus improving corporate environmental management in supply
chains [45]. Therefore, overall, external penalties exerted a certain deterrence effect on
green innovation, but with the subtlety of the coefficients, this effect was intertwined with
the actual controllers and shareholders.
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Table 9. A comparison of the regression analyses among different groups of samples.
Model 1 Model 2 Model 3 Model 4
All Samples All Samples Yearprior < 0 Yearprior > 0
HiPollution —1.659 *** —2.143 *** —0.904 ** —3.780 **
(0.29) (0.23) (0.28) (1.22)
Penalty 0.601 **
(0.22)
ProvPenalty 0.000 *** 0.000 *** 0.000 * 0.000
(0.00) (0.00) (0.00) (0.00)
ShrHolder1 —0.479 —0.408 4.269 *** 2.037
(0.53) (0.53) (0.92) (4.16)
Controller —0.162 —0.123 —0.955 ** -1.372
(0.17) (0.17) (0.31) (1.34)
InSize 2.289 *** 2.295 *** 2.761 *** 8.515 ***
(0.06) (0.06) (0.11) (0.49)
Liability 0.026 * 0.026 * 0.183 ** 0.215
(0.01) (0.01) (0.06) (0.16)
ReturnOA —0.318 —0.324 —1.922 ** —5.919
(0.19) (0.19) (0.71) (4.38)
punishTime —0.162
(0.10)
punishAmount 0.002 *
(0.00)
punishintensity 0.004
(0.12)
Constant —46.729 *** —46.308 *** —59.200 *** —183.354 ***
(1.29) (1.28) (2.37) (10.72)
R? 0.085 0.085 0.146 0.164
df r 19,246 19,247 4083 1941
Bic 147.418 147.416 29.395 18.352

*p <0.05, * p<0.01, ** p <0.001.

Parameters such as the concentration of environmental violations in different provinces
were endogenous variables of the deterrence effect of external penalties, so a further test
was conducted with different scales of penalties using the division of the median, as
shown in Table 10. More specifically, in terms of the divisions of the penalties imposed
in the specific provinces, in the sample group that was less than the median, the dummy
parameters of high-pollution industries and penalties were statistically significant at the
levels of 1 and 5%, respectively. Meanwhile, the variation in the punishment amount
imposed by the authority was statistically significant at the level of 10%. However, for
the sample group that was greater than the median, these variables were not statistically
significant. Therefore, external penalties had a deterrence effect overall, particularly for
the group that was smaller than the median. In terms of the group with greater external
penalties, this effect was not statistically significant, and this finding was interpreted as
firms being used to the penalties issued by the environmental authorities.

Meanwhile, the solutions deployed by firms to mitigate the effects of penalties were
different. Corporations are likely to utilize political donations as a business strategy to ease
regulatory actions [46], take carbon credits to offset their own emissions [47], and purchase
abatement goods from an eco-industry within a duopolistic framework [39].

Additionally, in the regional heterogeneity analysis, under different environmental reg-
ulations for green innovation and pollutant emissions and under various external pressures,
61.2% of heavily polluting enterprises chose conservative environmental behavior [48].
Other research—for example, studies on coping with increasingly severe environmental
regulatory pressure, end-of-pipe technologies, and clean technologies [49], sustainable
development in the Indian coal mining industry [50], the influencing factors of emissions
in various provinces [51], and manufacturers’ preference to cooperate with a medium-
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rich retailer for an emission-dependent supply chain [52]—supported the findings of the
heterogeneity analysis.

Table 10. Heterogeneity analysis in terms of external punishments.

Model 1 Model 2 Model 3 Model 4
Provpenalty < 5022 Provpenalty < 5022 Provpenalty > 5022
(Median) Y and Yearpriyor >0 Provpenalty > 5022 and Yearpriyor >0
HiPollution —1.577 *** —4.546 ** —1.689 —1.550
(0.30) (1.47) (1.11) (2.04)
Penalty 0.619 ** 0.961
(0.22) (0.95)
ProvPenalty 0.001 *** 0.001 —0.000 —0.000
(0.00) (0.00) (0.00) (0.00)
ShrHolder1 —0.544 —1.523 3.629 12.688
(0.54) (5.11) (2.25) (6.55)
Controller —-0.114 —1.261 0.628 —0.473
(0.18) (1.59) (0.85) (2.48)
InSize 2.112 *** 8.875 *** 3.819 *** 7.682 ***
(0.06) (0.58) (0.28) (0.91)
Liability 0.024 * 0.230 —1.031 —7.537
(0.01) (0.17) (1.04) (5.38)
ReturnOA —0.284 —6.980 —4.658 —13.501
(0.19) (5.28) (3.30) (9.33)
punishTime —0.189 0.181
(0.11) (0.28)
punishAmount 0.002 * 0.002
(0.00) (0.01)
punishIntensity 0.028 —0.071
(0.15) (0.20)
Constant —43.119 *** —190.883 *** —80.448 *** —165.380 ***
(1.33) (12.74) (6.24) (19.62)
R? 0.081 0.164 0.139 0.189
df_r 17,582 1494 1655 436
Bic 134.004 14.317 13.288 4.038

*p <0.05,% p <0.01, ** p <0.001.

4.3. Endogeneity and Heterogeneity Analysis

Importantly, regarding endogeneity issues, firstly, in the design of the sample data,
two sets were deployed, namely, heavily polluting listed firms and punished firms, in
order to avoid endogeneity. Secondly, issues such as simultaneity, dependent variables,
and green patents were statistically associated with the dummy variables of HiPollution
and InSize. Other variables, such as ShrHolder1, Controller, Liability, and ReturnOA,
were not associated with green patents and vice versa. Meanwhile, the variable InSize
was statistically associated, so there may have been a heterogeneity problem, and further
segmentation was necessary.

As shown in Table 11, in terms of the divisions according to the enterprise size, the
dummy variable of high pollution and the percentage of shareholders were both statistically
significant. Meanwhile, their coefficients were negative, demonstrating that the higher the
percentage of the top shareholder, the fewer green patents and innovations for both larger
and smaller enterprises. However, regarding the variables for punishment, the number
of punishments was statistically significant for both larger and smaller enterprises at the
levels of 1% and 5%, respectively, while the coefficients were the opposite. For the group of
smaller enterprises, the increase in the term of the number of punishments was associated
with an increase in green innovation, while the contrary was found for larger enterprises.
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Table 11. A comparison using heterogeneity analysis based on the size of the companies.
Model 1 Model 2 Model 3 Model 4
Insize < 22 (Median) IYI; Sal:;r:ofzzagd Insize > 22 IYI; saer;ri%) rZ;aond
HiPollution —0.257 ** -0.209 —2.587 *** —4.811 **
(0.09) (0.55) (0.48) (1.51)
Penalty 0.085 1.491 ***
(0.07) (0.36)
ProvPenalty 0.000 *** 0.000 0.000 *** 0.000
(0.00) (0.00) (0.00) (0.00)
ShrHolder1 —0.340 * 2172 —1.986 * -5.615
(0.17) (2.05) (0.86) (5.09)
Controller —0.266 *** —-0.414 —0.522 —2.276
(0.05) (0.65) (0.30) (1.66)
InSize 0.236 *** 0.706 4.885 *** 14.265 ***
(0.04) (0.67) (0.14) (0.77)
Liability 0.002 —0.052 —4.026 *** -9.833 *
(0.00) (0.04) (0.74) (4.32)
ReturnOA -0.015 —1.053 —1.744 % —6.161
(0.04) (1.28) (0.85) (8.03)
punishTime 0.790 *** —0.297 **
(0.20) (0.11)
punishAmount 0.003 0.002 *
(0.00) (0.00)
punishIntensity 0.041 —0.119
(0.05) (0.15)
Constant —4.112 *** —15.919 —103.639 *** —308.166 ***
(0.80) (13.83) (3.03) (16.58)
R? 0.021 0.077 0.119 0.218
df r 8299 411 10,938 1519
Bic 36.511 2.681 89.270 14.642
*p <0.05,* p < 0.01, *** p < 0.001.
The size of the enterprise affects the transmission mechanism of penalties. When

subcontractors are deployed by large enterprises, the technological investments in green
innovation are often larger and have a long operation cycle; firms deploy the option of sub-
contractors to meet the demands of regulations, and greenwashing can hardly be detected
by other stakeholders [6]. Meanwhile, as a substitute for financial liabilities, environmental
liabilities are more pronounced for larger firms [53]; there was a significant U-shaped
relationship between China’s energy efficiency index and environmental regulation accord-
ing to a provincial-level analysis [54]. Moreover, the parameters of different industries
are also important for the mechanisms of the imposed penalties; for example, as shown
by the driving factors of green innovation in the sports goods manufacturing industry,
competition and strict environmental policy can promote green innovation [32].

5. Discussion, Conclusions, Policy Implications, Limitations, and Further Research
5.1. Discussion

This study aimed to investigate the transmission mechanism between environmental
penalties and green innovation using an empirical econometric model and two sets of
samples, namely, heavily polluting listed firms and punished firms. Regarding Hypothesis
H1, except for penalty fine amounts, environmental penalties cannot lead to greater green
innovation from the long-term perspective, while from the short-term perspective, they
have a spontaneous conditioned effect on green innovation, but this effect fades away
quickly. Meanwhile, this research divided the dataset according to two patterns for the data
analysis, namely, panel data and time-series data, thus digging into the effect mechanism
from a longitudinal perspective. Consistently, penalties have a more significant influence at
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the early stage [12], emphasizing the different effects at different stages. Meanwhile, there is
an adverse effect [10] that is positively associated with green innovation [14]. Accordingly,
it cannot be simply concluded that there are positive or negative associations with green
innovation; as shown by a rigorous comparison with previous studies, the whole process
should be overseen, the effects at different stages should be studied, and the positive effect
that fades away quickly in the second year should be found.

Regarding the second hypothesis, the coefficients of external penalties were statistically
significantly associated with green innovation due to the intertwined effects of actual
controllers and shareholders, which was consistent with the conclusion that the stronger
the regional environmental regulation, the greater the positive impact [11]. Meanwhile, it
was also statistically significant for the interaction terms with internal and external variables,
such as firms’ environmental awareness, company staff, capabilities [16], board reforms, the
effect on corporate social responsibility, and indirect momentum for green innovation [33];
there was a negative association with the proportion of family ownership [6], the size of the
company, sector affiliation [38], corporate environmentalism in a managerial delegation and
abatement subsidy policy [39], and CEOs’ short-term and long-term compensation [40].

5.2. Main Conclusions

The main conclusions of this study are threefold. Firstly, among the three parameters,
the number of penalties and the intensity of penalties were not statistically significantly
associated with green innovation, indicating that the hypothesis that the greater the envi-
ronmental penalties, the greater the green innovation could not be supported. However,
the penalty fine amount was statistically significantly associated with green innovation,
indicating that only the hypothesis that the greater the environmental penalty amount,
the greater the green innovation could be supported. Secondly, from the longitudinal
perspective, there was only one spontaneous conditioned effect on the green patents, but
the effect quickly faded away after the second year, indicating that firms did not seek green
innovation as a solution for environmental penalties from this perspective. Thirdly, exter-
nal penalties were significantly statistically associated with green innovation due to the
intertwined effects of actual controllers and shareholders, but with a very subtle coefficient.
Meanwhile, taking the median as the benchmark for the group division, the group that was
smaller than the median was statistically significant. However, in the group with higher
external penalties, this was not statistically significant, leading to the interpretation that
firms are used to the penalties issued by environmental authorities.

5.3. Policy Implications

Firstly, regarding policies, an appropriate mix of regulations and stimuli should be
proposed. In terms of the transmission mechanism, this research indicated that penalties
have a short and spontaneous effect on green innovation from the longitudinal perspective;
they can only exert an effect on behaviors related to tackling challenges in the short term,
but motivation is lacking for the long term. Accordingly, there should be separate and
independent support for green innovation and research, striking a balance between the
stick and the carrot. Secondly, regarding the object of supporting policies, they cannot only
refer to the final achievement of green patents but must also consider the procedures of
innovation and the use of green materials in the development of green technology and
innovation [33,38,39]. Thirdly, as there is an external deterrence effect, public communi-
cation and the improvement of environmental awareness are important for further green
development [14,16].

5.4. Limitations and Future Research

Firstly, this research did not consider the issues of relocation of production as spa-
tial leakages to offset penalties. Secondly, this framework of research and data did not
address causal relationships; therefore, the Difference-in-Difference (DID) and Difference-
in-Difference in Difference (DDD) methods can be deployed to study cross-time differences,
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thus eliminating the time-invariant unobserved group features between the effects of
treatments on a controlled group in a quasi-natural experiment.

Yir = ao + aqdu + apdt + azdu + dt + ¢, 4)

In Formula (4), du is a grouping dummy variable. If individual i is affected by the
implementation of a policy, then individual i belongs to the treatment group, and the
corresponding du value is 1. If individual 7 is not affected by the implementation of a policy,
then that individual belongs to the control group, and the corresponding du value is 0.
Meanwhile, dt is a dummy variable for policy implementation; when the value of dt is 0,
this refers to the status before the policy implementation, and 1 refers to the status after
the policy implementation. du-dt is the interaction term between the dummy variables of
the grouping and policy implementation, and the coefficient a3 reflects the net effect of
policy implementation.

In the model setting of the DID method, as shown in Table 12, there are two key
conditions. Firstly, there must be a pilot policy impact to divide the treatment group and
control group. Secondly, there must be a set of panel data for at least two years, namely,
one year before and one year after the policy implementation.

Table 12. The framework for the Difference-in-Difference method.

Group Before the Policy (Penalty) After the Policy (Penalty) Difference
Treatment Group g + g + &1 +ap +ag ay + a3
Control Group ag g + ap )
Difference oq a1 + a3 a3(D-in-D)

Author Contributions: All authors contributed to the entire process of writing this paper. Con-
ceptualization, Y.L. and L.T.; methodology, Y.L. and L.T.; validation, Y.L. and L.T.; formal analysis,
Y.L. and L.T,; data curation, Y.L.; writing—original draft preparation, Y.L.; writing—review and
editing, Y.L. and L.T.; supervision, L.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Social Science Association, Shenzhen.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: Author Yang Liu was employed by the company Science and Innovation Bureau.
The remaining authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1. Ramseur, J.L. Voluntary Carbon Offsets: Overview and Assessment; Congressional Research Service: Washington, DC, USA, 2009;
p- 15.

2. Wang, S.Y.; Choi, S.H. Decision Analysis for the Emission—Limited Manufacturer with Option Contracts under Demand
Uncertainty. J. Clean. Prod. 2020, 258, 120712. [CrossRef]

3.  Fatica, S.; Panzica, R. Green Bonds as a Tool against Climate Change? Bus. Strategy Environ. 2021, 30, 2688-2701. [CrossRef]

4. Yu, H.; Liao, L.; Qu, S.; Fang, D.; Luo, L.; Xiong, G. Environmental Regulation and Corporate Tax avoidance: A Quasi—Natural
Experiments Study Based on China’s New Environmental Protection Law. J. Environ. Manag. 2021, 296, 113160. [CrossRef]
[PubMed]

5. Chen, C.X;; Lin, RE; Zheng, X.; Li, Y. Environmental Regulations and Corporate Green Investment: Evidence from Heavy
Polluting Companies in China. E3S Web Conf. 2021, 275, 02051. [CrossRef]

6.  Velte, P. Environmental Performance, Carbon Performance and Earnings Management: Empirical Evidence for the European

Capital Market. Corp. Soc. Responsib. Environ. Manag. 2021, 28, 42-53. [CrossRef]


https://doi.org/10.1016/j.jclepro.2020.120712
https://doi.org/10.1002/bse.2771
https://doi.org/10.1016/j.jenvman.2021.113160
https://www.ncbi.nlm.nih.gov/pubmed/34216902
https://doi.org/10.1051/e3sconf/202127502051
https://doi.org/10.1002/csr.2030

Sustainability 2024, 16, 6955 16 of 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

Bolton, P; Kacperczyk, M.T.; Leuz, C.; Ormazabal, G.; Reichelstein, S.; Schoenmaker, D. Mandatory Corporate Carbon Disclosures
and the Path to Net Zero. SSRN J. 2021, 2, 404-413. [CrossRef]

Pancer, E.; McShane, L.; Noseworthy, T.J. Isolated Environmental Cues and Product Efficacy Penalties: The Color Green and
Eco-Labels. J. Bus. Ethics 2017, 143, 159-177. [CrossRef]

He, L.; Zhong, T.; Gan, S.; Liu, J.; Xu, C. Penalties vs. Subsidies: A Study on Which Is Better to Promote Corporate Environmental
Governance. Front. Environ. Sci. 2022, 10, 859591. [CrossRef]

Yalabik, B.; Fairchild, R.]. Customer, Regulatory, and Competitive Pressure as Drivers of Environmental Innovation. Int. J. Prod.
Econ. 2011, 131, 519-527. [CrossRef]

Xin, C.; Hao, X.; Cheng, L. Do Environmental Administrative Penalties Affect Audit Fees? Results from Multiple Econometric
Models. Sustainability 2022, 14, 4268. [CrossRef]

Li, M.; Gao, X. Implementation of Enterprises” Green Technology Innovation under Market-Based Environmental Regulation: An
Evolutionary Game Approach. |. Environ. Manag. 2022, 308, 114570. [CrossRef] [PubMed]

Shi, D.; Xiong, G.; Bu, C. The Effect of Stringent Environmental Regulation on Firms” TFP—New Evidence from a Quasi-Natural
Experiment in Chonggqing’s Daily Penalty Policy. Environ. Sci. Pollut. Res. 2022, 29, 32065-32081. [CrossRef] [PubMed]

Roh, T.; Lee, K.; Yang, J.Y. How Do Intellectual Property Rights and Government Support Drive a Firm’s Green Innovation? The
Mediating Role of Open Innovation. J. Clean. Prod. 2021, 317, 128422. [CrossRef]

Lee, M.-].; Roh, T. Unpacking the Sustainable Performance in the Business Ecosystem: Coopetition Strategy, Open Innovation,
and Digitalization Capability. J. Clean. Prod. 2023, 412, 137433. [CrossRef]

Roh, T,; Yu, B. Paving a Way Toward Green World: Two-Track Institutional Approaches and Corporate Green Innovation. IEEE.
Available online: https:/ /ieeexplore.ieee.org/abstract/document/10297546 (accessed on 26 October 2023).

Wang, M.; Liao, G.; Li, Y. The Relationship between Environmental Regulation, Pollution and Corporate Environmental
Responsibility. Int. J. Environ. Res. Public Health 2021, 18, 8018. [CrossRef]

Luo, L.; Tang, Q. Corporate Governance and Carbon Performance: Role of Carbon Strategy and Awareness of Climate Risk. Acc.
Financ. 2021, 61, 2891-2934. [CrossRef]

Li, C.; Firdousi, S.F; Afzal, A. China’s Jinshan Yinshan Sustainability Evolutionary Game Equilibrium Research under Government
and Enterprises Resource Constraint Dilemma. Environ. Sci. Pollut. Res. 2022, 29, 41012-41036. [CrossRef] [PubMed]

Zhu, Y; Gao, H.; Hu, Y,; Ding, Q.; Tang, Y. Can Local Environmental Constraints Improve Enterprise’s Green Innovation Quality?
Evidence from Chinese-Listed Firms. Environ. Sci. Pollut. Res. 2023, 30, 389-406. [CrossRef]

Yang, X.; Lu, G. Research on the internal motivation of green innovation in enterprises. EUrASEANs ]. Glob. Socio-Econ. Dyn.
2024, 2, 176-185. [CrossRef]

Gerged, A.M. Factors Affecting Corporate Environmental Disclosure in Emerging Markets: The Role of Corporate Governance
Structures. Bus. Strategy Environ. 2021, 30, 609-629. [CrossRef]

Chesney, M.; Gheyssens, ].; Pana, A.C.; Taschini, L. Economic Growth and the Environment. In Environmental Finance and
Investments; Chesney, M., Gheyssens, J., Pana, A.C., Taschini, L., Eds.; Springer Texts in Business and Economics; Springer:
Berlin/Heidelberg, Germany, 2016; pp. 73-101. [CrossRef]

Tu, H.; Xu, S.; Xiao, X. Environmental Regulation, Technological Innovation and Industrial Environmental Efficiency: An
Empirical Study Based on Chinese Cement Industry. Sustainability 2021, preprint. [CrossRef]

Hu, Y; Sun, S.; Dai, Y. Environmental Regulation, Green Innovation, and International Competitiveness of Manufacturing
Enterprises in China: From the Perspective of Heterogeneous Regulatory Tools. PLoS ONE 2021, 16, e0249169. [CrossRef]
[PubMed]

Quan, M.; Guo, Q.; Xia, Q.; Zhou, M. Research on the Effects of Environmental Regulations on Industrial-Technological Innovation
Based on Pressure Transmission. Sustainability 2021, 13, 11010. [CrossRef]

Fan, G.; Wu, X. Going Green: The Governance Role of Environmental Regulations on Firm Innovation and Value. Singap. Manag.
Univ. Sch. Account. Res. Pap. 2022, 4, 21-34. [CrossRef]

Rayfield, B.; Unsal, O. Green Innovation and Environmental Misconduct. Manag. Financ. 2022, 48, 1156-1173. [CrossRef]

Wang, H.; Wang, S.; Zheng, Y. China Green Credit Policy and Corporate Green Technology Innovation: From the Perspective of
Performance Gap. Environ. Sci. Pollut. Res. 2023, 30, 24179-24191. [CrossRef] [PubMed]

Geng, Y,; Chen, J.; Liu, T.; Tao, D. Public Environmental Attention, Media Coverage, and Corporate Green Innovation: Evidence
from Heavily Polluting Industries in China. Environ. Sci. Pollut. Res. 2023, 30, 86911-86926. [CrossRef] [PubMed]

Li, Y;; Shi, Y. Dynamic Game Analysis of Enterprise Green Technology Innovation Ecosystem under Double Environmental
Regulation. Int. |. Environ. Res. Public Health 2022, 19, 11047. [CrossRef] [PubMed]

Huang, C.; Chen, Y. How to Enhance the Green Innovation of Sports Goods? Micro- and Macro-Level Evidence from China’s
Manufacturing Enterprises. Front. Environ. Sci. 2022, 9, 809156. [CrossRef]

Liao, C,; San, Z.; Tsang, A.; Yu, L. Board Reforms around the World: The Effect on Corporate Social Responsibility. Corp. Gov. Int.
Rev. 2021, 29, 496-523. [CrossRef]

Zhao, H.; Lei, A,; Li, Y,; Hong, D. The Sectoral and Regional Peer Influences on Heavy-Pollution Corporate Environmental, Social,
and Governance Performance. Sustainability 2023, 15, 12925. [CrossRef]


https://doi.org/10.2139/ssrn.3946031
https://doi.org/10.1007/s10551-015-2764-4
https://doi.org/10.3389/fenvs.2022.859591
https://doi.org/10.1016/j.ijpe.2011.01.020
https://doi.org/10.3390/su14074268
https://doi.org/10.1016/j.jenvman.2022.114570
https://www.ncbi.nlm.nih.gov/pubmed/35124309
https://doi.org/10.1007/s11356-021-18004-1
https://www.ncbi.nlm.nih.gov/pubmed/35018600
https://doi.org/10.1016/j.jclepro.2021.128422
https://doi.org/10.1016/j.jclepro.2023.137433
https://ieeexplore.ieee.org/abstract/document/10297546
https://doi.org/10.3390/ijerph18158018
https://doi.org/10.1111/acfi.12687
https://doi.org/10.1007/s11356-022-18786-y
https://www.ncbi.nlm.nih.gov/pubmed/35083699
https://doi.org/10.1007/s11356-022-22161-2
https://doi.org/10.35678/2539-5645.2(45).2024.176-185
https://doi.org/10.1002/bse.2642
https://doi.org/10.1007/978-3-662-48175-2_5
https://doi.org/10.21203/rs.3.rs-474949/v1
https://doi.org/10.1371/journal.pone.0249169
https://www.ncbi.nlm.nih.gov/pubmed/33784363
https://doi.org/10.3390/su131911010
https://doi.org/10.2139/ssrn.4098403
https://doi.org/10.1108/MF-09-2021-0458
https://doi.org/10.1007/s11356-022-23908-7
https://www.ncbi.nlm.nih.gov/pubmed/36335182
https://doi.org/10.1007/s11356-023-28369-0
https://www.ncbi.nlm.nih.gov/pubmed/37414996
https://doi.org/10.3390/ijerph191711047
https://www.ncbi.nlm.nih.gov/pubmed/36078759
https://doi.org/10.3389/fenvs.2021.809156
https://doi.org/10.1111/corg.12372
https://doi.org/10.3390/su151712925

Sustainability 2024, 16, 6955 17 of 17

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Aslam, S.; Elmagrhi, M.H.; Rehman, R.U.; Ntim, C.G. Environmental Management Practices and Financial Performance
Using Data Envelopment Analysis in Japan: The Mediating Role of Environmental Performance. Bus. Strategy Environ. 2021,
30, 1655-1673. [CrossRef]

Ivanov, I; Kruttli, M.S.; Watugala, S.W. Banking on Carbon: Corporate Lending and Cap-and-Trade Policy. SSRN J. 2020, 5, 43-57.
[CrossRef]

Hong, M.; Li, Z.; Drakeford, B. Do the Green Credit Guidelines Affect Corporate Green Technology Innovation? Empirical
Research from China. Int. . Environ. Res. Public Health 2021, 18, 1682. [CrossRef] [PubMed]

Abrell, ].; Cludius, J.; Lehmann, S.; Schleich, J.; Betz, R. Corporate Emissions-Trading Behaviour during the First Decade of the EU
ETS. Environ. Resour. Econ. 2021, 83, 47-83. [CrossRef]

Lee, S.-H.; Park, C.-H. Corporate Environmentalism in a Managerial Delegation and Abatement Subsidy Policy. Asia-Pac. ].
Account. Econ. 2021, 28, 546-561. [CrossRef]

Winschel, J. Climate Change Policies and Carbon-Related CEO Compensation Systems: An Exploratory Study of European
Companies. JGR 2021, 12, 158-188. [CrossRef]

Galletta, S.; Mazzu, S.; Naciti, V. Banks’” Business Strategy and Environmental Effectiveness: The Monitoring Role of the Board of
Directors and the Managerial Incentives. Bus. Strategy Environ. 2021, 30, 2656-2670. [CrossRef]

Nuber, C.; Velte, P. Board Gender Diversity and Carbon Emissions: European Evidence on Curvilinear Relationships and Critical
Mass. Bus. Strategy Environ. 2021, 30, 1958-1992. [CrossRef]

Hayat, M.; Khan, S.; Malik, M.E. Corporate Social Responsibility Disclosure: From the Perspective of Firm’s Characteristics. GER
2018, I1I, 117-133. [CrossRef]

Demaria, S.; Rigot, S. Corporate Environmental Reporting: Are French Firms Compliant with the Task Force on Climate Financial
Disclosures” Recommendations? Bus. Strategy Environ. 2021, 30, 721-738. [CrossRef]

Kazancoglu, I.; Sagnak, M.; Kumar Mangla, S.; Kazancoglu, Y. Circular Economy and the Policy: A Framework for Improving the
Corporate Environmental Management in Supply Chains. Bus. Strategy Environ. 2021, 30, 590-608. [CrossRef]

Muttakin, M.B.; Mihret, D.G.; Rana, T. Electoral System, Corporate Political Donation, and Carbon Emission Intensity: Cross-
country Evidence. Bus. Strategy Environ. 2021, 30, 1767-1779. [CrossRef]

Comello, S.; Reichelstein, J.; Reichelstein, S. Corporate Carbon Reduction Pledges: An Effective Tool to Mitigate Climate Change?
SSRN J. 2021. [CrossRef]

Peng, J.; Song, Y; Tu, G.; Liu, Y. A Study of the Dual-Target Corporate Environmental Behavior (DTCEB) of Heavily Polluting
Enterprises under Different Environment Regulations: Green Innovation vs. Pollutant Emissions. . Clean. Prod. 2021, 297, 126602.
[CrossRef]

Li,J.; Zeng, ].; Ye, Z.; Huang, X. Are Clean Technologies More Effective Than End-of-Pipe Technologies? Evidence from Chinese
Manufacturing. Int. |. Environ. Res. Public Health 2021, 18, 4012. [CrossRef] [PubMed]

Singh, PK.; Mishra, A K. Analysis of the Contribution of Corporate Social Responsibility (CSR) Initiatives of Indian Coal Mining
Industry in Sustainable Development. Int. J. Innov. Res. Sci. Eng. Technol. 2007, 5, 13.

Li, Z; Li, L.; Chen, J. Study on Carbon Emission Reduction Efficiency and Influencing Factors in Various Provinces in China.
SSRN J. 2019, 4, 60-72. [CrossRef]

Cao, E.; Yu, M. Trade Credit Financing and Coordination for an Emission-Dependent Supply Chain. Comput. Ind. Eng. 2018,
119, 50-62. [CrossRef]

Chang, X.; Fu, K,; Li, T.; Tam, L.; Wong, G. Corporate Environmental Liabilities and Capital Structure. SSRN J. 2018, 6, 103-124.
[CrossRef]

Ngo, T.Q. How Do Environmental Regulations Affect Carbon Emission and Energy Efficiency Patterns? A Provincial-Level
Analysis of Chinese Energy-Intensive Industries. Environ. Sci. Pollut. Res. 2021, 29, 3446-3462. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/bse.2700
https://doi.org/10.2139/ssrn.3650447
https://doi.org/10.3390/ijerph18041682
https://www.ncbi.nlm.nih.gov/pubmed/33578645
https://doi.org/10.1007/s10640-021-00593-7
https://doi.org/10.1080/16081625.2019.1587302
https://doi.org/10.1108/JGR-06-2020-0065
https://doi.org/10.1002/bse.2769
https://doi.org/10.1002/bse.2727
https://doi.org/10.31703/ger.2018(III-I).13
https://doi.org/10.1002/bse.2651
https://doi.org/10.1002/bse.2641
https://doi.org/10.1002/bse.2714
https://doi.org/10.2139/ssrn.3875343
https://doi.org/10.1016/j.jclepro.2021.126602
https://doi.org/10.3390/ijerph18084012
https://www.ncbi.nlm.nih.gov/pubmed/33920439
https://doi.org/10.2139/ssrn.3404798
https://doi.org/10.1016/j.cie.2018.03.024
https://doi.org/10.2139/ssrn.3200991
https://doi.org/10.1007/s11356-021-15843-w

	Introduction 
	Literature Review 
	Environmental Penalties and Green Innovation 
	Internal and External Governance with Green Innovation 
	Summary and Critique 
	Research Hypotheses 

	Methodology and Research Design 
	Data and Samples 
	Empirical Econometric Model 
	Parameters and Descriptive Analysis 

	Empirical Results and Findings 
	Hypothesis 1 
	Hypothesis 2 
	Endogeneity and Heterogeneity Analysis 

	Discussion, Conclusions, Policy Implications, Limitations, and Further Research 
	Discussion 
	Main Conclusions 
	Policy Implications 
	Limitations and Future Research 

	References

