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Abstract: Is there a spillover effect from enterprises’ green innovation activities that promotes the
coordinated development of the economy and the environment? Very few studies examine the impact
of green innovation on corporate performance. Based on the data from Chinese listed firms in high-
carbon industries from 2000 to 2021, this paper finds that green innovation has a significant promotion
effect on enterprise performance, and the degree of regional intellectual property protection and
enterprises’ financial resource base positively regulate the relationship between green innovation and
enterprise performance. Further heterogeneity analysis shows that high-quality green innovation can
better promote improvements in enterprise performance. In nonstate-owned enterprises, the spillover
effect of such high-quality green innovation is more significant than that in state-owned enterprises.
Meanwhile, the heterogeneity of the corporate governance level also affects the relationship between
green innovation and enterprise performance. Green innovation has played a more significant role in
promoting company performance in companies with high equity ratios. Finally, this paper proposes
that companies should completely utilize their resource advantages to carry out high-quality green
innovation practices to realize the coordinated development of the economy and the environment.
This study provides empirical evidence and policy implications for accelerating the high-quality,
sustainable development of enterprises.
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1. Introduction

Environmental issues have increasingly become a global concern for people from all
walks of life [1]. As an important creator of social and economic wealth and a claimant of
natural resources, enterprises are the most critical factor in coordinating economic develop-
ment with ecological and environmental protection and achieving sustainable economic
development [2]. How to achieve environmental sustainability while maintaining economic
growth is the key issue to be solved [3]. At present, innovation-driven, high-quality devel-
opment has increasingly become the mainstream of sustainable economic development,
and green innovation has attracted the attention of many scholars in recent years. As a
key way for enterprises to achieve green transformation [4], green innovation is widely
regarded by stakeholders as an important strategy to achieve enterprises’ sustainable de-
velopment goals [5]. Therefore, we cannot help but wonder what impact green innovation
will have on corporate performance. Can enterprises carry out green innovation activities
to achieve a sustainable development strategy that takes into account the dual goals of
“steady growth” and “excellent environment”?

The literature on green innovation mainly focuses on its relevant driving factors. On
the one hand, the pressure of environmental regulation is discussed from the perspective
of the external environment [6-9] and stakeholder pressure [10,11] on corporate green
innovation practices. On the other hand, from the perspective of the internal environment,
this paper discusses the driving effect of managers’ environmental cognition and orga-
nizational resource capability on green innovation [12,13]. However, academia has not
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reached a consensus on whether green innovation can improve corporate performance.
Scholars who hold the view of “promotion” believe that green innovation can effectively
improve the utilization rate of corporate resources, reduce corporate costs [14], meet the
green needs of consumers, improve the green competitiveness of enterprises, and afford
competitive advantages. Then, enterprise performance is improved [15,16]. Scholars who
hold the view of “inhibition” believe that enterprises” investments in green innovation
activities crowd out enterprise resources, increase the additional costs of enterprises, and
thus have a negative impact on enterprise performance [5]. Some scholars also believe that
the relationship between green innovation and enterprise performance shows a nonlinear,
U-shaped relationship [17].

Through a literature review, it was found that studies on green innovation achieve
some valuable results but still have the following shortcomings. First, the existing discus-
sion on the relationship between green innovation and corporate performance is mostly
from the overall perspective of the whole industry and lacks a comparison of the differ-
ent industries. Second, the discussion on the impact mechanism of green innovation on
corporate performance is insufficient, and there is a lack of in-depth mechanism analysis
on how green innovation affects corporate performance. Third, few existing studies dis-
tinguish the nature of green innovation and whether it is high-quality green innovation.
Based on this background, this paper takes data on Shanghai and Shenzhen A-share listed
companies in heavy pollution industries for 2000-2021 as the research sample and shows
an empirical relationship between green innovation and business performance. Based
on the dual perspective of the internal and external environments of an enterprise, we
consider the areas of intellectual property protection and financing restraints as adjust-
ment variables in the relationship between green innovation and enterprise performance.
By mining the influence mechanism of the green innovation and enterprise performance
relationship between situational factors, further analysis found that the heterogeneity of
high-quality green innovation that can promote enterprise performance has increased more
in nonstate-owned enterprises than in state-owned enterprises (SOEs). The high-quality
spillover effect of green innovation is more significant. At the same time, the heterogeneity
in corporate governance levels also affects green innovation and its relationship with cor-
porate performance. Green innovation plays a more significant role in promoting corporate
performance in companies with a high equity ratio than in companies with a low equity
ratio. Finally, in this paper, we propose that companies should give full play to their
resource advantages to carry out high-quality green innovation practices to realize the
coordinated development of the economy and the environment. The research contribution
of this paper is that it provides empirical evidence and policy enlightenment related to
accelerating the high-quality development of enterprises and carrying out green innovation
practices to achieve a sustainable development strategy that takes into account the dual
goals of “steady growth” and “excellent environment.”

The remainder of the paper is organized as follows: Section 2 presents the theoretical
background, reviews previous studies, and suggests hypotheses; Section 3 dis-cusses the
data, variable measurement methods, and empirical model used in this study. Section 4
reports the results of empirical analysis and conducts a series of robustness tests. Finally,
Section 5 summarizes the research conclusions and significance, analyzes the limitations,
and proposes suggestions for future research.

2. Theoretical Basis and Research Hypotheses
2.1. Green Innovation and Enterprise Performance

Green innovation refers to the general term for the technologies, processes and prod-
ucts that follow ecological principles and ecological economic laws [18] and can not only
achieve value-added for customers and enterprises but also significantly reduce the adverse
impacts on the environment [15,19,20] and achieve win-win economic and environmental
benefits. Compared with traditional innovation activities, green innovation emphasizes
its unique attributes of environmental benefits in product design, technological process,



Sustainability 2023, 15, 89

3 0f20

market positioning, consumption experience and other aspects [21]; green innovation
emphasizes the efficient use of resources and an effective reduction in pollution through
new knowledge, new technology and new ideas [22]. In addition, green innovation can not
only help enterprises obtain good environmental effects but also promote improvements in
economic benefits [5,23,24]. At present, most of the research on green innovation focuses on
three aspects: green process innovation, green product innovation and green management
innovation. First, green process innovation includes the two aspects of clean production
technology innovation and terminal treatment technology innovation [25,26], and these
two forms of green innovation are complementary [27]. Clean production technology inno-
vation focuses on improving energy efficiency at the source through energy substitution,
process improvements and resource recycling [16], as well as preventing and reducing the
generation of pollutants. In the long run, on the one hand, cleaner production technology
innovation can reduce the negative environmental externalities of enterprises; on the other
hand, cleaner production technology innovation can reduce costs by accelerating innova-
tion [28,29], thus promoting improvements in enterprise performance. End governance
focuses on technology innovation through the control of industrial pollutants to reduce
pollution emissions. Although increased costs accompany the practice, environmental
governance reduces the environmental impact of an enterprise, earns enterprises a good
social reputation, enhances enterprises’ competitive advantages, and has a positive impact
on enterprise performance [30-33]. Second, green product innovation can fully tap into the
blind areas of resource utilization, encourage enterprises to explore new development chan-
nels, and ultimately improve enterprise performance [34,35]. In addition, the outstanding
green attributes of products help enterprises form differentiated competitive advantages,
and such advantages can help them obtain environmental premiums and improve their
performance [36]. Finally, enterprises implementing green management innovation can
improve the efficiency of resource allocation and use by adopting green management
technologies and methods [37,38], enhance their overall green learning ability [39,40], and
enhance their competitive advantages in the market [4,41]. At the same time, green man-
agement innovation also helps enterprises build a green image that actively reflects social
responsibilities and generates a good reputation effect [16].

Green innovation is a long-term, dynamic evolution process that requires enterprises to
constantly seek new resources and identify new opportunities. In addition, the continuous
accumulation of green resources and capabilities provides strong support for the imple-
mentation of green innovation. The continuous pursuit of market demand and current
development trends enable enterprises to gain an advantage over competitors and finally
win the favor of consumers, thereby gaining market share and improving performance.
Therefore, this paper proposes the following hypothesis.

Hypothesis 1 (H1). Green innovation has a positive impact on the performance of listed firms in
heavily polluting industries.

2.2. Degree of Intellectual Property Protection, Green Innovation and Enterprise Performance

The intellectual property protection system and technological innovation under its
protection have increasingly become decisive factors in enhancing comprehensive national
strength. On the one hand, based on externality theory, the intellectual property acquired
by enterprises through R&D activities has the risk of being imitated by other enterprises.
In areas where weaker protection of intellectual property rights is more likely to induce
infringement and inert green technology innovations [42], once a company’s innovations
are mastered by rivals, it will not only affect the company’s enthusiasm for innovation
but also affect its ability to break through with leading technology and innovation and,
thereby, adversely affect improvements in its performance. Therefore, in an environment
where market regulation fails, effective intellectual property protection can reduce the risk
of enterprises’ R&D achievements being stolen, alleviate the externalities of intellectual
property to a certain extent, and help improve the expected returns of enterprises” R&D
investments [43,44]. Compared with nongreen innovation, green innovation needs more
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incentivization [45]. At the same time, to effectively ensure that intellectual property
rights can fully stimulate their research enthusiasm and innovation power, enterprises
must be more willing to increase their R&D investments. Through technology upgrades
and product updates, the enterprise will have a unique competitive advantage, realize an
expansion of its market share, and promote its performance. On the other hand, enterprises’
R&D activities largely depend on whether they can obtain sufficient external financing [46].
Based on information asymmetry theory, in regions with a higher degree of intellectual
property protection, enterprises are more willing to actively disclose information on R&D
innovation to external stakeholders, thus alleviating the problem of information asymmetry.
Improvements in corporate information transparency enable investors to deepen their
understanding of R&D project information and future prospects, so they are more willing
to provide innovation financing to enterprises. Improvements in financing capacity, in turn,
further promote the innovation investments of enterprises, and the virtuous cycle between
the two further promotes continuous improvements in enterprise performance. Therefore,
this paper proposes the following hypothesis.

Hypothesis 2 (H2). The degree of regional intellectual property protection has a moderating effect
on the relationship between green innovation and firm performance in heavily polluting industries.

2.3. Resource Base, Green Innovation and Enterprise Performance

According to the resource-based view, the resources owned by enterprises strongly
affect their decision making and play an important role in building their long-term com-
petitive advantages. Therefore, resource allocation has always been a strategic issue that
enterprises should focus on. However, innovation activities are often characterized by high
risks, which require large-scale R&D investments and continuous capital investments. A
higher level of financing constraints undoubtedly increases the risk perception of innova-
tion activities [47]. Therefore, the strength of enterprises’ resources and their resistance
to risk are particularly important to their innovation practices. At the same time, as the
internal driving force of enterprise technological innovation, R&D investments play a
crucial role in ensuring long-term operations and improving enterprise performance. At
present, existing studies have confirmed that enterprises” innovation investments have
a positive promotion effect on their performance [48,49]. As a form of innovation activ-
ity, green innovation practices require large investments and have increased risk, long
cycles, and strong uncertainty related to transforming achievements and creating economic
benefits. Therefore, the enthusiasm and initiative of enterprises in carrying out green
innovation practices are easily affected by their resource strength [3], and the output of
green innovation is closely related to their performance levels.

In summary, a firm’s resource base is closely related to its innovation investments, and
the impact of an innovation practice on firm performance depends on the level of financial
constraints. Therefore, this paper proposes the following hypothesis.

Hypothesis 3 (H3). The resource base has a moderating effect on the relationship between green
innovation and firm performance in heavily polluting industries.

The theoretical model of this paper is shown in Figure 1.
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Figure 1. Theoretical model.
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3. Research Design
3.1. Sample Selection and Data Sources

In this paper, data on China’s A-share listed enterprises in heavy pollution industries
from 2000 to 2021 are used as samples. This paper selects 16 heavily polluting industries,
such as coal, mining, textile, tanning, paper making, petrochemical, pharmaceutical, chem-
ical, metallurgy and thermal power. The data related to the green innovation of listed
companies in this paper come from the State Intellectual Property Office of the People’s
Republic of China (SIPO), and we manually collect the corresponding data. Data for the
remaining variables come from the CSMAR database. After collecting the original data, this
paper processes them as follows: (1) we eliminated enterprises treated as ST, *ST and PT in
the sample; (2) we eliminated missing data during the study period and observed values
in an IPO year; and (3) all continuous variables were winsorized at the 1% level to avoid
the influence of extreme values. After the above screening, a total of 12,490 company-year
observations were obtained.

3.2. Definition of Variables
3.2.1. Explained Variable: Enterprise Performance

The literature has mainly used Tobin’s Q value, return on total assets, return on equity
and other indicators to measure corporate performance. Tobin’s Q reflects the ratio of the
value of an enterprise’s assets between two different valuation methods. Tobin’s Q more
effectively than other measurements combines an enterprise’s market and financial data
to better evaluate its growth in value. A high Tobin’s Q value means a high return on
investments, and corporate earnings growth is often used in related research. Therefore,
referring to the method of Zhu and Zhang [49], this paper adopts Tobin’s Q to measure
enterprise performance.

3.2.2. Explanatory Variable: Green Innovation

Green innovation generally refers to technologies, processes and products that reduce
environmental pollution and the use of raw materials and energy [50]. Compared to tradi-
tional innovation, green innovation emphasizes the use of new technologies and concepts
to achieve efficient use of resources and effective pollution reduction [51]. At present, the
international authoritative institutions World Intellectual Property Organization (WIPO)
and the Organization for Economic Cooperation and Development (OECD) have given
the most comprehensive definition of green technology innovation. Their classification of
green technology innovation includes the disposal of pollutants related to environmental
pollution and green technology related to climate change mitigation, and both are based on
patented technology classification. Patent data contain a large amount of microinformation,
such as technology segments, applicants, and filing dates, which has natural advantages
as a measure of green innovation [52] and is a suitable indicator for measuring green
innovation. Therefore, this paper uses the number of green patent applications of the
sample companies to measure the level of their green innovation. The green technology
innovation of high carbon enterprises is generally in the aspects of cleaner production
technology and end-treatment technology. Therefore, this paper uses the IPC classifica-
tion numbers for green patents listed in the International Patent Green Classification List
launched by the World Intellectual Property Organization (WIPO) in 2010 and draws on the
research of Qi et al. [53] and Li and Xiao [3]. We take alternative energy production, waste
management and energy conservation as specific green patent projects. Then, on the SIPO
advanced search page, listed companies in heavy pollution industries are manually sorted,
and green patent applications are organized with the number 1. Then, the natural logarithm
is used to measure the level of green innovation of listed companies in a heavily polluting
industry. For a company, the larger the value is, the greater its level of green innovation.
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3.2.3. Moderating Variables

1. Resource base

Referring to the research of Liu and Liu [54], this paper uses the ratio of EBIT to interest
expense, namely, the interest coverage multiple (IPM), to measure the degree of enterprises’
financial constraints. The larger the value is, the lower the degree of financing constraints
and the stronger the resource strength of the enterprise.

2. Regional intellectual property protection degree

Drawing on the research of Tian and Hao [55], this paper uses the ratio of technology
market turnover to local GDP in each region to measure the level of regional intellectual
property protection (IPP).

3.2.4. Control Variables

To exclude the influence of other factors on the results of the regression analysis, this
paper refers to the research of Huang and Li [56], Zhang et al. [57], Gu and Ouyang [58],
and Liu and Liu [59] and controls the following indicators, which may affect enterprise
performance as control variables: (1) enterprise size (Size): natural logarithm of the total
assets of the enterprise; (2) capital structure (Lev): total liabilities/total assets; (3) enterprise
age (Age): natural logarithm of enterprise age; (4) enterprise growth (Growth): (current
operating income—previous operating income)/previous operating income; (5) cash flow
(Ocf): net cash flow from operating activities/total assets; and (6) ownership concentration
(Top1): shareholding ratio of the first shareholder. In addition, the year dummy variable
(Year), industry dummy variable (Industry) and region dummy variable (Province) are
added to control for year, industry and region effects. To alleviate the endogeneity problem
and take into account the possible time lag of enterprise performance itself, this paper uses
the explanatory variable method lagged by one period. The definition of each variable is
shown in Table 1.

Table 1. Variable definitions.

Variable Type Variable Symbol Variable Definition
Explained variable TobinQ The market value of the firm/the replacement cost of the firm’s assets
Explanatory variable InG The natural log of the number of green patent applications added by 1
. . IPP Regional technology market turnover/regional GDP
Moderating variables M ® Interegszprotection multiple ®
Size The natural log of total assets
Lev Total liabilities/ total assets
Age The natural log of firm age
G (Current period operating income—previous period operating
. rowth - . . L
Control variables income)/previous period operating income
Ocf Cash flow from operating activities/total assets
Topl The number one shareholder holding ratio
Year Year dummy variable
Industry Industry dummy variable
Province Province dummy variable

3.3. Model Establishment

To test the impact of the green innovation of listed companies in heavily polluting
industries on corporate performance, this paper constructs Model (1). In Model (1), this pa-
per mainly focuses on the direction and significance of the coefficient 31 of the explanatory
variable InG. If the green innovation activities of listed firms in heavily polluting industries
have a promotion effect on firm performance, then (31 should be significantly positive,
assuming that hypothesis H1 is supported.

TobinQ;+ = B + B1 InG;—1 + XBn Controls; ; + Year + Industry + Province + ¢;; (1)
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4. Results
4.1. Descriptive Statistics of Variables

Table 2 shows that the mean value of InG, the green innovation level of listed com-
panies of heavy pollution industries in China, is 0.261, the median is 0, and the standard
deviation is 0.628. More than half of the listed companies in heavy pollution industries
have no green innovation output, which shows that listed companies in heavy pollution
industries in China have an overall low green innovation level and that there are large
differences in different enterprises’ green innovation levels. The mean value of Tobin’s Q
is 1.780, and the median value is 1.383, but the difference between the companies is large,
with the standard deviation reaching 1.207. The descriptive statistics of the other control
variables are consistent with existing research [56-59] and are not repeated here.

Table 2. Descriptive Statistics.

Variables Observation Mean P10 Median P90 Std. Dev

1. TobinQ 12,490 1.780 0.887 1.383 3.114 1.207
2. InG 12,490 0.261 0.000 0.000 1.099 0.628
3. Size 12,490 22.128 20.621 21.934 23.942 1.288
4. Lev 12,490 0.441 0.170 0.444 0.699 0.198
5. Age 12,490 2.646 1.946 2.773 3.178 0.497

6. Growth 12,490 0.182 —0.147 0.123 0.516 0.369
7. Ocf 12,490 0.060 —0.018 0.058 0.145 0.067
8. Topl 12,490 37.065 17.690 35.175 60.000 15.867

The correlation coefficients of the variables are reported in Table 3. After a further mul-
ticollinearity diagnosis, the results of the variance inflation factor (VIF) test of each variable
show that the maximum VIF value is 1.63, far less than the critical value of 10, proving that
there is no significant multicollinearity among the variables, and multicollinearity will not
affect subsequent regression results.

Table 3. Correlation Matrix.

TobinQ InG Size Lev Age Growth Ocf Topl

1. TobinQ 1

2. InG —0.084 *** 1

2. Size —0.299 *** 0.388 *** 1

3. Lev —0.246 *** 0.103 *** 0.364 *** 1

4. Age 0.135 *** 0.143 *** 0.286 *** 0.033 *** 1
5. Growth 0.024 *** —0.019 ** 0.029 *** —0.080 *** 0.005 1

6. Ocf 0.061 *** 0.073 *** 0.121 *** —0.008 —0.167 *** 0.070 *** 1

7. Topl —0.199 *** 0.055 *** 0.200 *** —0.315 *** 0.075 *** 0.047 *** 0.121 *** 1

** and *** indicate that the regression coefficient is significant at the levels of 5% and 1%.

4.2. Hypothesis Testing
4.2.1. Direct Effect Test

To investigate the impact of the green innovation activities of listed enterprises in
heavy pollution industries on enterprise performance, this paper first conducts a regression
analysis using Model (1), and Table 4 lists the regression results. Table 4 shows that the
regression coefficients of InG, the green innovation level, lagged by 1-3 periods are 0.060,
0.044 and 0.060, respectively, and the significance level is no less than 10%.

The results show that the green innovation activities of listed enterprises in heavily
polluting industries have a significant promotion effect on corporate performance. The
regression results of other control variables show that more abundant cash flow results in
higher growth, a longer enterprise establishment period, and higher enterprise performance.
The scale of the company and the degree of ownership concentration are significantly
negatively correlated with corporate performance. Moreover, as corporate debt increases,
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corporate performance decreases significantly. The correlation between these control
variables and the enterprise performance level dependent variable is consistent with that
in the previous literature [57,60,61].

Table 4. Direct effect test.

1) (2) 3)
Variables Lag Phase i Lag Phase ii Lag Phase iii
TobinQ TobinQ TobinQ
L.InG 0.060 ***
(2.71)
L2.InG 0.044 *
(1.88)
L3.InG 0.060 **
(2.53)
Size —0.353 *** —0.377 *** —0.369 ***
(—12.53) (—12.92) (—12.34)
Lev —0.438 *** —0.593 *** —0.666 ***
(—2.76) (—=3.57) (—3.88)
Age 0.283 *** 0.237 *** 0.213 ***
(4.41) (3.16) (2.60)
Growth 0.153 *** 0.187 *** 0.189 ***
(4.46) (5.03) (4.92)
Ocf 2.277 *** 2.277 *** 2.119 ***
(8.32) (8.10) (7.28)
Topl —0.003 ** —0.002 —0.003
(—2.14) (—0.94) (—1.41)
Constant 8.603 *** 8.883 *** 8.674 ***
(13.76) (13.45) (12.89)
Observations 11147 10103 9141
R-squared 0.358 0.382 0.387
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Province FE Yes Yes Yes

*,** and *** indicate that the regression coefficient is significant at the levels of 10%, 5% and 1%, respectively, and
the t value clustered to the enterprise level is shown in brackets.

4.2.2. Moderating Effect of Regional Intellectual Property Protection on the Relationship
between Green Innovation and Enterprise Performance

In the pilot period before the regulations for intellectual property rights (IPR) protec-
tion went into effect, the intellectual property protection level by enterprise region was
greater than the annual median. The industries of the listed companies in heavy pollu-
tion industries are divided into high and low intellectual property protection groups, and
the green innovation and relationship between the performance points of the sample are
analyzed. The regression results in Table 5 show that green innovation has a significant pro-
motion effect on enterprise performance only in the group with high intellectual property
protection. This result shows that improvements in regional intellectual property protection
can enhance the promotion effect of green innovation on enterprise performance; that is,
Hypothesis H2 is verified.

Table 5. The moderating effect of the degree of regional intellectual property protection/financing constraints.

(1) (2 3) 4) (5)
Variables All High IPP Low IPP High IPM Low IPM
TobinQ TobinQ TobinQ TobinQ TobinQ
L.InG 0.060 *** 0.077 ** 0.014 0.091 *** 0.032

@2.71) (2.54) (0.44) (3.12) (1.64)
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Table 5. Cont.

1

()

(3)

4)

(5)

Variables All High IPP Low IPP High IPM Low IPM
TobinQ TobinQ TobinQ TobinQ TobinQ
Size —0.353 *** —0.367 *** —0.340 *** —0.313 *** —0.382 ***
(-12.53) (—8.97) (—10.83) (—10.90) (—12.99)
Lev —0.438 *** —-0.217 —(0.559 *** —0.157 0.295 *
(—2.76) (—0.91) (—3.26) (—0.78) (1.72)
Age 0.283 *** 0.306 *** 0.315 *** 0.117 0.261 ***
(4.41) (3.31) (4.04) (1.35) (4.27)
Growth 0.153 *** 0.157 *** 0.073 * 0.126 *** 0.069 *
(4.46) (2.92) (1.90) (2.60) (1.77)
Ocf 2.277 *** 2.470 *** 2.125 *** 2.724 *** —0.208
(8.32) (5.80) (6.44) (7.45) (—0.97)
Top1 —0.003 ** —0.005 ** —0.001 —0.002 —0.002 *
(—2.14) (—2.25) (—0.57) (—1.29) (—1.68)
Constant 8.603 *** 9.060 *** 8.204 *** 7.163 *** 9.511 ***
(13.76) (11.99) (11.05) (11.73) (16.06)
Coefficient difference 0.06 * 0.06 *
Observations 11147 5133 5059 4555 4859
R-squared 0.358 0.362 0.416 0.338 0.434
Year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes

*,** and *** indicate that the regression coefficient is significant at the levels of 10%, 5% and 1%, respectively, and
the t value clustered to the enterprise level is shown in brackets.

4.2.3. Moderating Effect of the Resource Base on the Relationship between Green
Innovation and Enterprise Performance

Before testing the moderating effect of the degree of financing constraints, we introduce
the dummy variable IPM_dummy and divide the samples into strong and weak resource-
based groups according to whether the interest guarantee multiple is greater than the
annual and industrial medians. If the enterprise’s interest guarantee multiple is greater
than the median of the sample, then its financing constraints are low and its resources are
strong, and the IPM_dummy is assigned a value of 1; otherwise, it is assigned a value of 0.
The regression results in Table 5 show that green innovation has a significant promotion
effect on enterprise performance only in the group with low financing constraints. This
result shows that the degree of corporate financial constraints has a moderating effect on
the relationship between green innovation and corporate performance.

4.3. Robustness Test
4.3.1. DID Test

To better solve the endogeneity problem, this paper uses the Environmental Protection
Tax Law of the People’s Republic of China, which was passed on 25 December 2016, and
officially implemented on 1 January 2018, as an exogenous policy shock to again conduct
the difference-in-differences (DID) test on the relationship between green innovation and
enterprise performance of listed enterprises in heavily polluting industries. Considering
that the impact of policies on enterprises with different characteristics will be quite differ-
ent, this paper constructs the control group and the experimental group based on such
characteristic differences by referring to the literature [62]. Specifically, referring to the
practice of Liu and Cao [63] and Wu et al. [62], this paper calculates the mean value of green
innovation (InG) of listed enterprises in the three years before the formal implementation
of the Environmental Protection Tax (2015-2017) and uses the third percentile to classify
the level of green innovation. That is, enterprises with a green innovation level higher than
that of the upper third are included in the experimental group, and Treat takes the value
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of 1. Listed companies with a green innovation level lower than that of the lower third
are included in the control group, and Treat takes the value of 0. For the time window, we
select the three years before and after the formal implementation of the Environmental
Protection Tax as the standard (2015-2020). The measurement model is as follows:

TobinQ; = B + B1 Treat;; x After; + 3, Treat;, + B3 After;; + X B Controls;; + Year + Industry + Province + &;; (2)

In Model (2), the coefficient 3 of Treat x After; is the focus of this paper. In addition,
the premise of the DID test is that there is a parallel trend between the explained variables
of the experimental group and the control group samples before the policy. To this end, this
paper combines the event study approach to test the parallel trend in the dynamic effect of
policy implementation, and the results are shown in Figure 2. We take the year before the
policy (2017) as the benchmark group, and the black vertical line in the figure is the 95%
confidence interval. The explained variable (InG) in this paper satisfies the common trend
before the implementation of the policy (Figure 2) (Table 6).

0.2

0

Policy dynamic effect

/

-0.2

pre_1 pre_2 current post_1 post_2 post_3

Figure 2. Parallel trend test.

Table 6. Robustness test—DID test.

Variable TobinQ
Treat x After 0.314 ***
(4.76)
Treat —0.009
(—=0.11)
After —0.863 ***
(—11.98)
Size —0.431 ***
(—11.02)
Lev —0.166
(—0.70)
Age 0.398 ***
(3.38)
Growth 0.194 ***
(3.19)
Ocf 2.115 ***

(5.23)
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Table 6. Cont.

Variable TobinQ
Topl —0.003
(—1.24)
Constant 10.895 ***
(13.02)
Observations 4848
R-squared 0.352
Year FE Yes
Industry FE Yes
Province FE Yes

*** indicate that the regression coefficient is significant at the levels of 1%, respectively, and the t value clustered to
the enterprise level is shown in brackets.

4.3.2. PSM Test

Considering that not all enterprises engage in green innovation behaviors, this pa-
per further adopts the propensity score matching method to solve the estimation errors
caused by sample selection errors in the regression analysis. First, the dummy variable
Green_dummy is generated for green innovation. This paper takes enterprise size (Size),
enterprise age (Age), capital structure (Lev), enterprise growth (Growth), cash flow (Ocf)
and ownership concentration (Top1l) as characteristic variables. The logit model is used
to regress all characteristic variables (control variables) on Green_dummy and calculate
the propensity score value. Then, the nearest neighbor matching method is used for one-
to-many matching. Finally, the samples satisfying the common support hypothesis are
retained and retested using Model (1). According to Table 7, the regression results are
consistent with the above conclusions.

Table 7. Robustness test—PSM test.

1) 2
Variables PSM All
TobinQ TobinQ
L.InG 0.041 * 0.060 ***
(1.89) (2.71)
Size —0.257 *** —0.353 ***
(—9.69) (—12.53)
Lev —0.705 *** —0.438 ***
(—4.37) (—2.76)
Age 0.210 *** 0.283 ***
(2.83) (4.41)
Growth 0.175 *** 0.153 ***
(3.70) (4.46)
Ocf 2.209 *** 2.277 ***
(7.28) (8.32)
Topl —0.003 * —0.003 **
(—1.84) (—2.14)
Constant 6.636 *** 8.603 ***
(10.61) (13.76)
Observations 6747 11147
R-squared 0.340 0.358
Year FE Yes Yes
Industry FE Yes Yes
Province FE Yes Yes

*,** and *** indicate that the regression coefficient is significant at the levels of 10%, 5% and 1%, respectively, and
the t value clustered to the enterprise level is shown in brackets.
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4.3.3. Heckman Test

This paper uses the Heckman two-step method to control the sample selection of
whether enterprises conduct green innovation. The Heckman test is carried out in two
steps. If the enterprise chooses green innovation, the Green_dummy is assigned the value
of 1; otherwise, it is assigned the value of 0. Since a certain decision-making activity of an
enterprise is easily affected by the same activities of other enterprises in the same industry
and region [64], we refer to the practice of Li and Xiao (2020) and take the mean value
of green innovation of other listed enterprises in the same industry as the instrumental
variable for whether the enterprise conducts green innovation. At the same time, in the first-
stage regression equation, the explanatory variables of redundant resources SR (the natural
logarithm of a firm’s operating income), R&D intensity RI (the ratio of R&D investment
to operating income), enterprise size (Size), capital structure (Lev), enterprise age (Age),
enterprise growth (Growth), cash flow (Ocf) and ownership concentration (Top1) are also
included to predict the possibility that enterprises engage in green innovation. The specific
model is as follows:

Probit (Green_dummy; ;) = Bg + 1 IV_Green;¢ + B2 SR;¢ + B3 Rl + B4 Sizej + B5 Levis + B Ageir + B7 Growth; ¢ (3)

+ Bg Ocfi + BoTopli + it

Among them, the probit (Green_dummy;;) represents the probability that the iy,
sample chooses to carry out green innovation. In the second stage, we add to Model (1) the
inverse Mills ratio obtained in the first stage. The results show that in the first stage, the
regression coefficient of the instrumental variable is significantly positive at the 1% level,
indicating that this variable is valid. In the second stage, the regression coefficient of InG
is significantly positive at the 1% level. Therefore, after controlling for the endogeneity
of whether enterprises conduct green innovation, the results are still consistent with the
above (Table 8).

Table 8. Robustness test—Heckman.

(V)] (2)

Variables Phase One Phase Two
Green_Dummy TobinQ
IV_industry 0.723 ***
(5.38)
SR 0.281 ***
(4.95)
RI 0.025 **
(2.55)
InG 0.121 ***
(3.39)
Size 0.001 —0.351 ***
(0.02) (—-9.71)
Lev 0.145 -0.271
(0.84) (—1.39)
Age —0.091 0.367 ***
(—1.07) (4.17)
Growth —0.045 2.742 #**
(—0.94) (7.26)
Ocf 0.769 ** 0.222 ***
(2.18) (4.45)
Topl —0.003 —0.005 **
(—1.59) (—2.38)
imr —0.076 **
(—2.27)
Constant —6.862 *** 8.455 ***

(—10.69) (9.72)
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Table 8. Cont.

1) (2)
Variables Phase One Phase Two
Green_Dummy TobinQ

Observations 7188 7188

R-squared 0.104 0.304
Year FE No Yes
Industry FE No Yes
Province FE No Yes

** and *** indicate that the regression coefficient is significant at the levels of 5% and 1%, respectively, and the t
value clustered to the enterprise level is shown in brackets.

4.3.4. Change the Measurement Method of Variables

This paper adopts three other methods to measure green innovation and uses Model
(1) to retest it. First, the natural logarithm of the number of green patents granted by
enterprises in the current year plus 1 (InGrant) is used to remeasure green innovation.
Second, the natural logarithm of the total number of patent applications +1 (InPatent)
is used to remeasure green innovation. Third, the green innovation propensity index
(Green) is used to remeasure green innovation and takes the value of 1 if a company has
at least one green patent and 0 otherwise. The results in Table 9 show that regardless
of the measurement method of the independent variables, the regression coefficient of
green innovation is significantly positive. These results are consistent with the research
conclusions of this paper.

Table 9. Robustness test—Substitution of explanatory variables.

. 1) (2) 3)
Variables TobinQ TobinQ TobinQ
L.InGrant 0.064 ***

(2.77)
L.InPatent 0.042 **
(2.56)
L.Green 0.072*
(1.94)
Size —0.351 *** —0.365 *** —0.349 ***
(—12.28) (-13.16) (—12.50)
Lev —0.439 *** —0.424 *** —0.441 ***
(—2.76) (—2.67) (=2.77)
Age 0.283 *** 0.289 *** 0.282 ***
(4.41) (4.53) (4.39)
Growth 0.152 *** 0.153 *** 0.151 ***
(4.45) (4.48) (4.41)
Ocf 2.280 *** 2.286 *** 2.278 *#**
(8.33) (8.35) (8.33)
Topl —0.003 ** —0.003 ** —0.003 **
(—2.14) (—2.13) (—2.16)
Constant 8.577 *** 8.780 *** 8.527 ***
(13.54) (14.07) (13.76)
Observations 11,147 11,147 11,147
R-squared 0.358 0.359 0.358
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Province FE Yes Yes Yes

*,** and *** indicate that the regression coefficient is significant at the levels of 10%, 5% and 1%, respectively, and
the t value clustered to the enterprise level is shown in brackets.
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4.4. Heterogeneity Test
4.4.1. Examining the Heterogeneity of Patent Types

To further ensure the robustness of the regression results, we examine the effects of
different types of green innovation activities on enterprise performance. In the patent
database of SIPO, there is a greater possibility of green innovation activities for invention
patents and utility model patents. Based on enterprises’ motivation to engage in green
innovation, we divide green innovation into substantive green innovation and strategic
green innovation. In the empirical analysis, the natural logarithm of the number of green
invention patent applications plus 1 (InGI) and the natural logarithm of the number of green
utility model patent applications plus 1 (InGU) are used as the measurement indicators of
the two types of green innovation to verify the impact of different types of green innovation
activities on enterprise performance. According to the regression results in Table 10, we find
that the coefficients of InG and InGI are significantly positive, while the coefficient of InGU
is not significant, indicating that an increase in green patents, especially green invention
patents, while the application of green utility model patents has no significant relationship
with enterprise performance. This result shows that substantive innovation oriented by
technological progress is the source of corporate value, while strategic innovation can
enable enterprises to obtain other benefits but cannot increase their long-term value [65].

Table 10. The heterogeneity of green patent types.

Variables (1) 2) )
TobinQ TobinQ TobinQ
L.InG 0.060 ***
(2.71)
L.InGI 0.083 ***
(2.66)
L.InGU 0.039
(1.46)
Size —0.353 *** —0.353 *** —0.347 ***
(—12.53) (—12.66) (—11.93)
Lev —0.438 *** —0.435 *** —0.439 ***
(—2.76) (—2.75) (-2.76)
Age 0.283 *** 0.281 *** 0.282 ***
(4.41) (4.39) (4.38)
Growth 0.152 *** 0.152 *** 0.150 ***
(4.46) (4.46) (4.40)
Ocf 2.276 *** 2.279 *** 2.286 ***
(8.32) (8.33) (8.34)
Topl —0.003 ** —0.003 ** —0.003 **
(—2.14) (—2.14) (—2.17)
Constant 8.603 *** 8.603 *** 8.482 ***
(13.76) (13.87) (13.20)
Observations 11,147 11,147 11,147
R-squared 0.358 0.358 0.357
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Province FE Yes Yes Yes

** and *** indicate that the regression coefficient is significant at the levels of 5% and 1%, respectively, and the t
value clustered to the enterprise level is shown in brackets.

4.4.2. Examining the Heterogeneity of Enterprise Ownership

To further investigate the promotion effect of the green innovation of listed enterprises
in heavily polluting industries on the performance of enterprises with different ownership
structures, we let SOE be the index of enterprise ownership type; that is, the value of SOE
is 1 for SOEs and 0 otherwise. The regression results in Table 11 show that the regression
coefficients of InG and InGI are only significant in the nonstate-owned group. Among
them, the regression coefficient of InG in the nonstate-owned group is 0.125, which is
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significantly positive at the 5% level. The regression coefficient of InGI in the nonstate-
owned group is 0.214, which is significantly positive at the 1% level. The coefficient of
InGU is nonsignificant in both state-owned and nonstate-owned groups.

Table 11. The heterogeneity of enterprise ownership types.

1) (2) 3) 4 (5) (6)
Variables State NonState State NonState State NonState
TobinQ TobinQ TobinQ TobinQ TobinQ TobinQ
L.InG 0.007 0.125 **
(0.34) (2.39)
L.InGI 0.005 0.214 ***
(0.16) (2.65)
L.InGU 0.021 0.022
(0.89) (0.40)
Size —0.311 *** —0.418 *** —0.310 *** —0.420 *** —0.312 *** —0.406 ***
(—10.86) (-8.04) (—10.80) (—8.23) (—10.98) (—=7.42)
Lev —0.640 *** —0.104 —0.639 *** —0.100 —0.640 *** —0.109
(-3.72) (—0.39) (-3.70) (—0.38) (-3.72) (—0.41)
Age 0.131 0.400 *** 0.130 0.395 *** 0.132 0.398 ***
(1.34) (4.01) (1.33) (4.00) (1.34) (3.99)
Growth 0.146 *** 0.166 *** 0.146 *** 0.164 *** 0.147 *** 0.165 ***
(3.49) (3.17) (3.49) (3.15) (3.49) (3.14)
Ocf 1.616 *** 3.088 *** 1.618 *** 3.087 *** 1.613 *** 3.098 ***
(5.60) (7.10) (5.62) (7.11) (5.59) (7.10)
Topl —0.001 —0.005 * —0.001 —0.004 * —0.001 —0.005 *
(—0.61) (—1.73) (—0.62) (-1.71) (—0.61) (—1.75)
Constant 8.042 *** 9.417 *** 8.030 *** 9.462 *** 8.065 *** 9.157 ***
(11.90) (8.96) (11.86) (9.17) (12.00) (8.21)
Coefficient difference —0.118 *** —0.209 ***

Observations 5236 5062 5236 5062 5236 5062
R-squared 0.440 0.335 0.440 0.336 0.440 0.333
Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Province FE Yes Yes Yes Yes Yes Yes

*,** and *** indicate that the regression coefficient is significant at the levels of 10%, 5% and 1%, respectively, and
the t value clustered to the enterprise level is shown in brackets.

This means that the nature of property rights has the effect of inhibiting the positive
impact of green innovation on firm performance because under the traditional economic
system, SOEs themselves are in a dominant position, with more key resources, higher
political legitimacy, and advantages in market access and financing that non-SOEs lack [66].
In addition, as a special political subject, SOEs consider the realization of both economic
and social goals at the same time and cannot pursue profit maximization as their only goal.
However, non-SOEs have clearer business objectives for achieving profit maximization
and long-term development than do SOEs, and their green innovation is pursued more
to realize economic value. Therefore, compared with SOEs, non-SOEs’ green innovation
activities have a greater positive impact on their performance [67]. At the same time, when
grouping enterprise ownership types, the impact of different types of green innovation on
enterprise performance is also consistent with the above findings.

4.4.3. Equity Ratios

Major shareholders often hold more residual control rights and easily overlook the
interests of minority shareholders. According to principal-agent theory, a certain degree of
equity restrictions can avoid the situation of “one dominant share” in enterprises, balancing
the shareholding ratio of major shareholders and effectively reducing the second type of
agency cost [68]. At the same time, the existence of equity restrictions is conducive to
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enhancing the participation of major shareholders in corporate governance, improving the
realization of effective management supervision, improving governance quality, promoting
corporate growth and improving corporate performance [69]. Therefore, based on the
practice of Chen and Chen [70], this paper uses the ratio of the sum of the shareholding
ratio of the second to the fifth largest shareholders to the shareholding ratio of the largest
shareholder to measure the equity ratio of the enterprise. According to whether the
equity ratio of enterprises is greater than the annual and industry medians, we divide the
enterprises into high and low equity ratio groups to test the relationship between green
innovation and the performance of listed enterprises in heavily polluting industries by
subsamples. The regression results in Table 12 show that green innovation has a significant
promotion effect on enterprise performance only in the group with high equity restrictions.
This finding further shows that a high equity ratio is more conducive to improving corporate
governance, improving the decision-making efficiency of enterprises, helping enterprises
grasp the best investment opportunities, promoting enterprises’ R&D activities, and further
affecting enterprises’ performance.

Table 12. The heterogeneity of Equity ratios.

@ V) (3)

Variables All Low Equity Balance = High Equity Balance
TobinQ TobinQ TobinQ
L.InG 0.060 *** 0.002 0.124 ***
(2.71) (0.09) (3.37)
Size —0.353 *** —0.361 *** —0.336 ***
(—12.53) (—9.95) (—8.66)
Lev —0.438 *** —0.140 —0.655 ***
(—2.76) (—0.77) (—2.77)
Age 0.283 *** 0.134* 0.435 ***
(4.41) (1.75) (4.55)
Growth 0.153 *** 0.162 *** 0.143 ***
(4.46) (3.16) (2.99)
Ocf 2277 *** 2.257 *** 2.337 ***
(8.32) (6.94) (6.12)
Topl —0.003 ** —0.002 —0.009 ***
(—2.14) (—1.04) (—2.86)
Constant 8.603 *** 9.181 *** 7.937 ***
(13.76) (13.31) 9.77)
Coefficient difference 0.122 ***
Observations 11,147 5658 5489
R-squared 0.358 0.401 0.354
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Province FE Yes Yes Yes

*, ** and *** indicate that the regression coefficient is significant at the levels of 10%, 5% and 1%, respectively, and
the t value clustered to the enterprise level is shown in brackets.

5. Research Conclusions and Implications

In the context of China’s vigorous promotion of high-quality development, green
innovation is the key for enterprises to achieve green transformation and the strategic choice
for promoting enterprises’ sustainable development. Based on data on Chinese A-share
listed firms in heavily polluting industries from 2000 to 2021, this paper manually collects
relevant information on green innovation, empirically tests the impact of green innovation
on firm performance, and examines the moderating effect of regional intellectual property
protection and financial constraints on their relationship. The main conclusions are as
follows. (1) Green innovation has a significant promotion effect on enterprise performance,
and this conclusion is still valid after the robustness test for controlling endogeneity and
changing the variable definitions. (2) The degree of regional intellectual property protection
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positively moderates the relationship between green innovation and firm performance;
that is, the higher the degree of regional intellectual property protection is, the stronger
the promotion effect of green innovation on firm performance. (3) The resource base of
enterprises positively moderates the relationship between green innovation and enterprise
performance; that is, the lower the level of financial constraints of enterprises is, the
stronger the resource strength and the promotion effect of green innovation on enterprise
performance. (4) Further research finds that substantive green innovation but not strategic
green innovation promotes improvements in enterprise performance. In addition, the
promotion effect of green innovation on corporate performance depends on the level of
internal corporate governance; that is, green innovation plays a more significant role in
promoting the performance of companies with a high equity ratio.

The current study has several theoretical and practical implications. In terms of theo-
retical implications, we have noticed that by developing eco-innovation, environmental
reputation can be improved and consequently so can market competitiveness [70]. This
study provides further evidence that green innovation can bring about positive financial-
related spillovers. At the same time, existing studies show that relevant environmental
regulation policies promote the expansion of enterprises’ green technology innovation
quantity but also lead to a decline in the quality of related innovation activities. Compa-
nies tend to “emphasize quantity over quality” strategy responses and lack substantial
improvement in enterprise value and development quality [9,66]. This study distinguishes
the quantity and quality of green innovation patents and finds that high-quality green
innovation can increase financial performance, which enriches the research content of the
spillover effect of green innovation.

The current study offers several potential implications for practice. First, enterprises
raise green innovation to a strategic level to stimulate enterprise managers to adopt green
development, develop green environmental protection consciousness, increase the intensity
of R&D investments in green, integrate technology improvements and product design
processes into green development, constantly improve the quality of green innovations,
set up a green enterprise image, enhance their green competitiveness, and create a unique
competitive advantage. Second, when engaging in green innovation practices, enterprises
should fully consider the strength of their resources. Enterprises with few resources should
actively expand their financing channels, while government departments should reduce
their credit discrimination, strengthen green credit support for enterprises, and increase
incentives for green innovation. Third, the government should strengthen the protection of
intellectual property rights. Government departments at all levels should increase publicity
for protecting intellectual property rights and enhance the legal system’s awareness of
protecting intellectual property rights while increasing the enforcement of intellectual
property laws in courts at all levels, thus improving the legal environment for enterprise
green innovation and actively promoting the green transformation of regional economic
development and enhancing economic strength.

This research, like previous studies, has limitations that open the path for future
empirical research. First, the sample size of the study in this paper is not large enough
because the data on green innovation are manually sorted, which requires a large amount
of work, and most of the existing studies are about heavily polluting industries. Therefore,
this paper only examines listed companies in high-carbon industries, which limits the
universality of the research results to a certain extent. In the future, we can increase the
workload and expand the sample scope to include the data of all listed companies for
further verification and analysis. Second, the study of this paper only starts from the green
innovation activities of enterprises themselves and examines the corresponding spillover
effects. It lacks the impact of the green innovation of upstream companies in the supply
chain on business performance from the perspective of the life cycle [51], which provides
space for further research in the future. Third, although we believe that regional intellectual
property protection and firms’ own financial resource base will affect the financial spillover
effect of firms’ green innovation, our study finds that it is more of a correlation than a causal
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relationship. Future studies can try to find appropriate instrumental variables or mediating
variables for analysis to conduct a more robust analysis of causality. Despite the above
limitations, we believe that our study is relevant in the context of contemporary China,
where sustainable carbon reduction innovations and high-quality corporate development
are gaining more public attention.
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