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Under the background of increasingly prominent environmental problems, exploring the
impact of green innovation on the sustainable development ability of enterprises not only
can expand the boundary of the research on the factors influencing enterprises’
sustainable development ability and the economic consequences of green innovation
but also can provide reference for the decision-making of the listed companies. On the
basis of the manual collection of green innovation patent data from China National
Intellectual Property Administration, this paper selects the Chinese A-share listed
companies from 2010 to 2018 as the research subject and empirically tests the
impact of green innovation on the corporate sustainable development ability. The
results show that the output of green innovation significantly improves the corporate
sustainable development ability. This result is economically significant. Specifically, a
one–standard deviation increase (0.8147) of GI translates into a sustainable growth
rate of 20.78 percentage points (0.0175*0.8147/0.0686) higher. The relationship
between the output of green innovation and corporate sustainable development ability
is more significant when the corporate social responsibility performance is worse or
scientific research ability is weaker. A series of robustness test results show that the
conclusions are reliable. Further test shows that green innovation plays a more significant
role in enhancing the corporate sustainable development ability in non–state-owned
enterprises. In addition, only invention patents of green innovation can significantly
improve the corporate sustainable development ability, whereas non-invention patents
cannot affect it. This paper provides a new perspective for the research on the factors
affecting the corporate sustainable development ability. Furthermore, the research
conclusions of this paper are of reference significance both in theory and practice.

Keywords: executives’willingness to invest in green innovation, corporate sustainable development, CSR, scientific
research ability, property rights, innovation types

1 INTRODUCTION

With the rapid development of the industrial economy, environmental pollution has gradually
become an important threat faced by many countries. To tackle the challenges posed by
environmental problems, every country is looking for strategies that can achieve the dual
objectives of environmental protection and economic development. Sustainable development, on
account of its dual nature of sustainability and development, has become an important issue for
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countries to properly handle the balance between environment
and development. In the past, there seems to be a natural
contradiction between sustainability and development due to
the non-renewable nature of resources, the one-sidedness of
resource pricing, and the non-long-term nature of evaluation
indicators. However, with the improvement of science and
technology, the contradiction between sustainability and
development has been gradually diluted. Among them, green
innovation plays a crucial role in improving the corporate
sustainable development ability.

The strategy of green innovation is that enterprises take
sustainable development as the goal, develop environmental
protection products, or improve management methods to
make products and services meet human needs while reducing
the negative impact on the environment, so as to maintain the
continuous operation of enterprises. Sharma and Vredenburg
(1998) define the ability formed by enterprises in the process of
green innovation as a green dynamic ability, which can enable
enterprises to break the dependence on the original path and gain
sustainable competitive advantage. In China’s capital market,
there are a lot of cases that enterprises can improve their
sustainable development ability through green innovation. For
example, Shandong Chenming Paper Co., Ltd., following the
direction of “Made in China 2025” planning, has successfully
entered the world’s top 10 paper enterprises and China’s top 500
manufacturing enterprises from a paper factory on the verge of
bankruptcy through green transformation and upgrading.
Specifically, Shandong Chenming Paper Co., Ltd., adheres to
the general tone of green, circular, low-carbon, and sustainable
development; implements the coordinated development process
of “green technology-green organization-green industrial chain”;
and improves the sustainable development capacity of the
enterprise through green innovation.

At present, existing studies mainly focus on the impact of
green supply chain management (Wu, 2013), public welfare
donation (Wu and Zhang, 2017), and debt heterogeneity (Jin,
2019) on enterprises’ sustainable development ability. However,
these studies ignore the important role of green innovation. We
hold the opinion that, on the one hand, green innovation can help
improve the reputation of enterprises, help enterprises gain more
market share, and thus improve the sustainable development
ability of enterprises. On the other hand, green innovation helps
to improve the production process of enterprises, improve the
utilization rate of resources, and thus improve the sustainable
development ability of enterprises.

On the basis of that, this paper selects the Chinese A-share
listed companies from 2010 to 2018 as the research object and
empirically tests the impact of green innovation on enterprises’
sustainable development ability. The data used in this article
come from the social responsibility assessment system of HeXun,
the website of the State Intellectual Property Office, WIND
database, and CSMAR database. The results show that the
output of green innovation significantly improves corporate
sustainable development. When the corporate social
responsibility (CSR) performance is worse or scientific
research ability is weaker, green innovation plays a more
significant role in improving corporate sustainable

development. The above results remain valid in the robustness
test. In the further test, the study shows that compared with state-
owned enterprises, the improvement of green innovation on
corporate sustainable development is more significant in
non–state-owned enterprises. In addition, the research results
show that only invention patents of green innovation can
significantly improve corporate sustainable development,
whereas non-invention patents cannot affect corporate
sustainable development.

The contribution of this study is mainly reflected in the
following aspects: First, this paper takes the investment in
green innovation as the entry point to explore the impact of
corporate innovation investment on sustainable development
ability, which helps to provide a new perspective for the
research on factors related to the corporate sustainable
development ability. Existing studies mainly focus on the
impact of green supply chain management (Wu, 2013), public
welfare donation (Wu and Zhang, 2017), and debt heterogeneity
(Jin, 2019) on the sustainable development ability of enterprises.
However, these studies ignore the impact of the investment in
green innovation, an important corporate investment activity, on
the sustainable development ability. In this study, we focus on the
impact of the investment in green innovation on corporate
sustainable development and provide a new perspective for the
research on the factors affecting corporate sustainable
development from the point of innovation investment.

Second, this paper takes the sustainable development ability of
enterprises as the foothold to explore the impact of the
investment in green innovation on the sustainable
development of enterprises, which helps to enrich relevant
studies on the economic consequences of green innovation.
Existing researches mainly focus on the effect of the
investment in green innovation on enterprises’ performance
(Russo and Pogutz, 2009; Amores-Salvadó et al., 2014; Hojnik
and Ruzzier, 2016), stock prices (Stefan and Paul, 2008), and
environmental performance (Carrión-Flores and Innes, 2010;
Costantini et al., 2013; Weina et al., 2016; Ghisetti and
Quatraro, 2017) while ignoring the impact of the investment
in green innovation on corporate sustainable development. This
study provides new empirical evidence for the important role of
the investment in green innovation at the corporate level and
expands the boundaries of relevant research on the economic
consequences of green innovation.

Third, we verify the adjustment of CSR and scientific research
ability on the relationship between the investment in green
innovation and corporate sustainable development ability in
this paper and provide empirical evidence for the role of social
responsibility and technological innovation in the development
of corporate governance. The research findings help the listed
companies to improve the corporate reputation evaluation
mechanism and establish a more perfect scientific research
incentive system.

The structure of this study is arranged as follows: Section 2
presents the literature review and theoretical analysis. Section 3
offers the research design of this paper, including sample
selection, variable measurement, and research design. In
Section 4, the empirical results and analysis are presented,
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reporting the main test, robustness test, and further test results.
The conclusion of this study is discussed in Section 5.

2 LITERATURE REVIEWS AND
THEORETICAL ANALYSIS

2.1 Literature Reviews
Green innovation is an innovation composed of new or improved
products, processes, services, and management. Managers of
firms have realized that green innovation is an important
factor in sustainable development and that it can offer a
competitive advantage (Song and Yu, 2018). Different from
traditional innovation, green innovation emphasizes the use of
new technologies and new concepts to achieve efficient use of
resources and effective reduction of pollution while obtaining
corresponding economic performance (Wang and Li, 2019).
Green innovation is increasingly regarded as an important
strategy for companies to gain sustainable competitive
advantage in a new arena (Zhu et al., 2012; Fernando et al.,
2019). Chen states that green innovation is the innovation of the
products and production process of enterprises and divides green
innovation into active and passive (Chen et al., 2012). Most
scholars divide green innovation into two types: green product
innovation and green process innovation according to the object
of green innovation (Chen, 2008; Wu, 2013).

The concept of sustainable development originates from
ecology and is subsequently applied in the fields of economics
and sociology; these two aspects of sustainable development are
more emphasized. Economic sustainability refers to making
enterprises more efficient and effective, so that they can
continue to remain competitive in the market (Baumgartner
and Ebner, 2010). In other words, the sustainable growth
strategy of the economy should allow companies to survive for
a long time and bring positive effects to stakeholders, the country,
and even the world. Regarding the environment, some scholars
have demonstrated that environmental sustainability is an
important part of the entire sustainable development (Montiel,
2008; Stubbs and Cocklin, 2008; Li, 2013). Environmental
sustainability mainly deals with some environmental
challenges, such as preventing pollution and protecting
ecological balance (Stubbs and Cocklin, 2008). Environmental
considerations have attracted the attention of more and more
stakeholders, gradually covering the research area of economics,
society, culture, technology, and natural environment. Later,
some scholars combine sustainable development with
corporate governance and point that sustainable development
of enterprises is an ecological concept with economic meaning,
mainly including fairness, sustainability, and commonality.
Edward Freeman and Evan (1990) state that the sustainable
development of enterprises should not only cover the current
operating goals and the realization of net profits but also include
the long-term consolidation of market position and the
sustainable growth of net profits. Ahmad (2015) argues that
the sustainable development ability of enterprises includes
three aspects: economic sustainability, environmental
sustainability, and social sustainability.

Furthermore, some scholars explore the factors that influence
the sustainable development ability of enterprises. Barney (1991)
establishes four indexes, namely, advantage value, rareness, limit
ability, and substitutability, and finds that strategic resources
improve the corporate sustainable development ability. In
addition, on the basis of the RBV (resource-based view), Mata
et al. (1995) analyzes four information technology (IT) attributes
that can strengthen an enterprise’s sustainable development
ability, namely, capital requirements, proprietary technology,
technical IT skills, and managerial IT skills. The study of Wu
(2013) shows that green supply chain management is a key driver
for enterprises to achieve sustainable development. Wang and
Han (2016) find that CSR fulfillment can improve the level of
sustainable development of enterprises. In addition, the better the
quality of internal control, the higher the level of sustainable
development. According to the survey of 214 executives and IT
managers of China’s auto industry suppliers, Tao et al. (2017) find
that IT capability has a positive effect on the corporate sustainable
development ability, and active environmental management
plays a partial mediation effect between the relationship of the
IT ability and the corporate sustainable development ability. Su
et al. (2017) explore the relationship between social networks and
the sustainable development of commercial banks’ microfinance
based on 316 questionnaires targeted at bank outlets and find that
the network type and the nature of network relationships are
conducive to promoting the sustainable development of
microfinance. The research of Wu and Zhang (2017) shows
that public welfare donations can promote the sustainable
development of enterprises, whereas accounting
conservatism weakens the positive correlation between
public welfare donations and the sustainable development
of enterprises. Taking the Chinese A-share listed companies
from 2012 to 2016 as samples, Yang et al. (2018) find that the
improvement of internal control quality can enhance the
enterprise’s sustainable development ability, whereas the
management capacity can strengthen the role of internal
control quality in enhancing the enterprise’s sustainable
development ability. The research of Jin (2019) shows that
heterogeneity of debts improves the sustainable development
ability of enterprises. Further research results show that
operating liabilities are more conducive to the sustainable
development of enterprises than financial liabilities. On the
basis of 400 questionnaires aimed at executives of the listed
companies, Ren et al. (2020) find that the CEO’s humble
leadership behavior not only can improve the performance
of start-up enterprises but also can enhance the long-term
sustainable development ability of enterprises.

Above all, studies show that the sustainable development
ability of enterprises is affected by green supply chain
management (Wu, 2013), debt heterogeneity (Jin, 2019),
public welfare donations (Wu and Zhang, 2017), and other
factors. However, existing studies pay less attention to the
impact of green innovation, which tends to be an important
enterprises’ investment activity, on sustainable development
ability. Taking green innovation as the entry point, this paper
explores the influence of enterprises’ innovation investment on
the sustainable development ability and provides a new research
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perspective for the relevant research on the influencing factors of
the corporate sustainable development ability Table 1
summarizes the relevant literature reviews.

2.2 Theoretical Analysis
Corporate sustainable development means that enterprises can
ensure the sustainability of profitability and competitive
advantage in the process of pursuing business objectives. In
practice, the improvement of sustainable development ability
of enterprises depends on the steady investment income,
reliable solvency, strong profitability, and excellent
management ability. In the context of increasingly fierce global
economic competition, enterprises are facing more and more
challenges. As an important way to improve the core
competitiveness of enterprises, the importance of innovation is
becoming increasingly prominent at this time. Previous studies
have shown that innovation is the fundamental reason for
enterprises to maintain competitive advantage, consolidate
market-dominant position, and realize sustainable growth of
net profit in a complex dynamic environment (Aghion et al.,
2005; Chang et al., 2015). Among the numerous means of
corporate innovation, green innovation has unique advantages
that cannot be matched by other traditional means of innovation
and show as an effective way to consolidate the advantages of
corporate development because of its dual externalities of
environment and innovation (Rennings, 2000). Hence, we
argue that green innovation can affect the sustainable
development ability of enterprises through the following
two ways.

First of all, green innovation shows that enterprises take the
initiative to assume social responsibility, which is conducive to
improving the relationship between enterprises and stakeholders
and improving the corporate reputation. Therefore, green
innovation can help enterprises to gain more market share
and improve their sustainable development ability. The
research of Eiadat et al. (2008) shows that the implementation
of green innovation strategy reduces the waste and pollution in
the production process of enterprises, which contributes to the
enterprises obtaining good social reputation and strengthening
the competitiveness of enterprises. The research of Marom (2006)
shows that green innovation is a responsible behavior of
managers, which can improve the relationship between
enterprises and stakeholders and bring long-term intangible
value to enterprises. This long-term intangible value, in turn,
will strengthen the enterprise’s competitive advantage. Therefore,
enterprises who carry out the strategy of green innovation, which
is beneficial to integrate the interests of the relevant parties, help
to improve the corporate reputation and the relationship with
stakeholders (Sharma and Vredenburg, 1998), gain higher social
recognition and legitimacy (Fombrun and Shanley, 1990), then
expand market share (Jin, 2006), and improve the ability of
sustainable development.

Second, green innovation can improve the production process
and the utilization of resources and thus promote the sustainable
development ability of enterprises. Porter and Linde (1995) find
that green innovation can transform pollutants into marketable
products, improve resource utilization, and create additional

benefits for enterprises. Banerjee (2001) finds that a green
innovation strategy can improve the enterprises’ ability to deal
with the uncertainty of operation and ecological problems, which
contributes to the enterprises’ improvement of the production
process and development of environmental protection products,
thereby improving their core competitiveness. Therefore, due to
its dual externality of environment and innovation, green
innovation has unique advantages that cannot be matched by
other traditional innovation methods (Rennings, 2000), which
can help enterprises reduce resource use and energy consumption
(Huang et al., 2015), and thus effectively improve resource
utilization rate and strengthening the ability of sustainable
development. On the basis of the above, the first hypothesis is
as follows:

H1: The output of green innovation can significantly enhance
the corporate sustainable development ability.

According to the above analysis, green innovation can
significantly enhance the reputation of enterprises and thus
improve the ability of sustainable development. Previous
studies have shown that the corporate reputation is affected
not only by green innovation but also by the CSR
performance (Lee and Faff, 2010; Cheng et al., 2014). The
study of Godfrey et al. (2009) shows that the good
performance of enterprises in social responsibility can form
reputational capital, and the existence of reputational capital
makes investors believe that enterprises can better cope with
adverse events. Therefore, when the CSR performance is better,
the corporate reputation level is already high. At this point, green
innovation has little space to improve the reputation of
enterprises and thus enhance the ability of sustainable
development. The impact of green innovation on the
sustainable development ability of enterprises may be weak.
On the contrary, when the CSR performance is poor, there is
more space for green innovation to improve the reputation of
enterprises. At this time, green creativity plays a more powerful
role in improving the corporate reputation and thus having a
more significant impact on the sustainable development ability of
enterprises. On the basis of the above analysis, the second
hypothesis is as follows:

H2: The promotion effect of green innovation output on the
sustainable development ability is more significant when CSR
performance is poor.

According to the above analysis, green innovation can
significantly improve the utilization rate of resources and thus
improve the ability of sustainable development. Previous studies
have shown that resource utilization is affected not only by green
innovation but also by enterprises’ scientific research ability (Wu
and Zhang, 2015). The study of Wu and Deng (2019) shows that
the improvement of scientific research ability can optimize
resource allocation and realize efficient utilization of resources.
Therefore, when the scientific research ability is better, the
resource utilization rate of the enterprise is already high. At
this point, green innovation has little space to improve the
resource utilization rate of enterprise and thus enhance the
ability of sustainable development. The impact of green
innovation on the sustainable development ability of
enterprises may be weak. On the contrary, when the scientific
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research ability is limited, there are higher potential for the
improvement of the resource utilization ratio. In the
meantime, green innovation has a stronger effect on the
improvement of resource utilization and thus has a significant
impact on the sustainable development ability of enterprises. On
the basis of the above analysis, the third hypothesis is as follows:

H3: The promotion effect of green innovation output on the
corporate sustainable development ability is more significant
when scientific research ability is limited.

Figure 1 illustrates the assumptions and analysis framework
presented in this study. H1 discusses the impact of green
innovation on the sustainable development ability of
enterprises. In addition, in H2 and H3, grouping research is
used to test the moderating effect of the CSR and scientific
research ability on the relationship between green innovation
and the sustainable development ability of enterprises.

3 SAMPLE SELECTION, VARIABLE
MEASUREMENT, AND RESEARCH DESIGN

3.1 Sample Selection
This study selects the Chinese A-share listed companies from 2010
to 2018 as the research subject. The reason for choosing 2010 as the
starting point of the sample is that the social responsibility
assessment system of HeXun has been published since 2010. In
addition, 2018 is the latest data year available at the beginning of the
study. The data of green innovation refers to the number of green
innovation patents, which is manually collected and sorted from the
website of the National Intellectual Property Administration in
accordance with the IPC classification number listed in the “Green
List of International Patent Classification” and the name of the
listed companies. The International Patent Classification Green List
was launched by the World Intellectual Property Organization
(WIPO) in 2010, which makes it easy for users to access the
information of patents related to environment-friendly
technologies. The other data used in this article come from the
WIND database and the CSMAR database.

In the process of sample selection, we conduct as follows: 1)
Samples of the financial industry are excluded and 2) samples
with incomplete data are eliminated. On the basis of the above
criteria, 19,390 firm annual data are finally obtained in this paper.
To eliminate the influence of outliers on the regression results, we

winsorize all the continuous variables at the 1% and 99% levels.
All standard errors of regression are clustered at the industry
level. The data processing in this study are carried out using Stata
15 econometric analysis software.

3.2 Variable Definitions
3.2.1 Dependent Variable
The sustainable development ability of enterprises refers to the
long-term profitability and lasting competitiveness. On the basis
of the study of Yang et al. (2018), we build a sustainable growth
ratio (SGR) to measure the sustainable development ability of the
listed companies according to James C. Van Horne’s static model.
The calculation formula of the SGR index is

SGRi,t � net profit margini,tpretention ratioi,tp

(1 + equity ratioi,t)/
×( 1/total assets turnoveri,t − net profit margini,t

p retention ratioi,tp(1 + equity ratioi,t)) (1)

In addition, this study draws on the research of Jin (2019) and
comprehensively considers the rights and interests of
shareholders and creditors, to thoroughly reflect the
sustainable development ability of enterprises. The calculation
formula of the SUS index is

SUSi,t � nreturn on equityi,tpretention ratioi,t/(1
− return on equityi,tpretention ratioi,t) (2)

3.2.2 Independent Variable
Drawing on the existing studies (Xu andWang, 2018; Lu and Bai,
2020; Wang and Hu, 2020). In this study, the natural logarithm of
one plus the number of patents authorized in t−1 year to measure
the output of green innovation.

3.2.3 Moderating Variables
Corporate social responsibility (CSRDUM). Drawing on existing
studies (Jia and Liu, 2014; Wen and Song, 2017), this study selects
the data of the HeXun listed companies’ CSR assessment system
and uses the CSR score to measure the overall performance of the

FIGURE 1 | Hypotheses and analytical framework.

Frontiers in Energy Research | www.frontiersin.org February 2022 | Volume 9 | Article 8008485

Liao et al. Green Innovation and Sustainable Development

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


TABLE 1 | Literature summary.

NO. Basic information Article name Main points of the article

2 Wu, Supply Chain Management, 2013 The Influence of Green Supply Chain Integration and
Environmental Uncertainty on Green Innovation in
Taiwan’s IT Industry

Green innovation is the key driver in achieving
sustainable development and aims to reduce the
negative impact of every product life cycle stage on the
natural environment.

3 Wu and Zhang, Modern Finance and
Economics, 2017

Accounting Conservatism, Charitable Donation and
Sustainable Development Enterprises: Empirical
Evidence from Chinese A-share Market

Public welfare donations can promote the sustainable
development of enterprises, whereas accounting
conservatism weakens the positive correlation.

4 Jin, Journal of Shanxi University of Finance
and Economics, 2019

Debt Heterogeneity, Nature of Property Right and
Enterprises’ Sustainable Development

Heterogeneity of debts improves the sustainable
development ability of enterprises.

13 Song and Yu, Corporate Social Responsibility
and Environmental Management, 2018

Green Innovation Strategy and Green Innovation: The
Roles of Green Creativity and Green Organizational
Identity

Green innovation strategy positively influences both
green organizational identity and green creativity.

14 Wang and Li, Scientific Research
Management, 2019

China’s regional green innovation performance
evaluation and analysis of its temporal and spatial
differences: based on panel data of inter-provincial
industrial enterprises from 2005 to 2015

Green innovation of enterprises emphasizes the efficient
utilization of resources and corresponding economic
benefits by using new technologies.

15 Fernando et al., Resources, Conservation and
Recycling, 2019

Pursuing Green Growth in Technology Firms Through the
Connections Between Environmental Innovation and
Sustainable Business Performance: Does Service
Capability Matter?

A survey of 95 listed companies in Malaysia shows that
green innovation can give companies a sustainable
competitive advantage.

16 Zhu et al., Journal of Engineering and
Technology, 2012

Green Supply Chain Management Innovation Diffusion
and Its Relationship to Organizational Improvement: An
Ecological Modernization Perspective

On the basis of the practice of green supply chain
management of Chinese manufacturers, it is found that
green innovation is an important strategy for enterprises
to obtain sustainable competitive advantage.

17 Chen et al., Management Decision, 2012 Origins of Green Innovations: The Differences between
Proactive and Reactive Green Innovations

Green innovation refers to the innovation of products and
process, which can be divided into active innovation and
passive innovation.

18 Chen, Journal of Business Ethics, 2008 The Driver of Green Innovation and Green Image-Green
Core Competence

Green innovation can be divided into product innovation
and process innovation according to the object.

19 Baumgartner and Ebner, Sustainable
Development, 2010

Corporate sustainable strategies: Sustainability profiles
and maturity levels

Economic sustainability means that companies continue
to be competitive in the marketplace.

20 Stubbs and Cocklin, Organization and
Environment, 2008

Conceptualizing a “Sustainability Business Model” Sustainable economic growth strategy can bring a
positive impact to enterprises and stakeholders.

21 Li, Journal of Eco-Environment, 2013 Research Progress of Sustainable Development Index
System at Home and Abroad

Sustainable growth strategies can have a positive impact
on stakeholders, listed companies, countries, and even
the world.

22 Montiel, Organization and Environment, 2008 Corporate social responsibility and corporate
sustainability

Environmental sustainability is an important part of
sustainable development.

23 Freeman and Evan, Journal of Behavioral
Economics, 1990

Corporate governance: A stakeholder interpretation Sustainable development is an ecological concept with
economic significance for enterprises.

24 Ahmad, Advances in Business Marketing and
Purchasing, 2015

Business intelligence for sustainable competitive
advantage

The sustainable development ability of enterprises is
designed from three important aspects: economy,
environment, and society.

25 Barney, Journal of Management, 1991 Firm resources and sustained competitive advantage The present strategic resources can improve the
sustainable development ability of enterprises.

26 Mata et al., MIS Quarterly, 1995 Information technology and sustained competitive
advantage: A resource-based analysis

Capital requirements, proprietary technology, technical
IT skills, and managerial IT skills can strengthen
sustainable development ability.

27 Wang and Han, Journal of Beijing Technology
and Business University (Social Sciences),
2016

Social Responsibility, Internal Control and Corporate
Sustainable Development--Based on an Empirical
Analysis of Chinese A-share Main Board Enterprises

The active fulfillment of social responsibility by the listed
companies can improve their sustainable development
level.

28 Tao et al., Soft Science, 2017 IT Capability and Enterprise Sustainable Development
Performance

IT capabilities significantly enhance the sustainability
of enterprises.

(Continued on following page)
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listed companies’ CSR. Furthermore, if the social responsibility
score is greater than the median, the value of CSRDUM is 1;
otherwise, it is 0.

Scientific research ability (HIGHTECH). Drawing on existing
studies (Hall et al., 2005; Li et al., 2012; Lu and Dang, 2014), we
divide the following six industries in the industry classification
table of China Securities Regulatory Commission into high-tech
industries: ① petrochemical and plastic industries; ② electronic
industry; ③ metal and non-metal industries; ④ machinery,
equipment, and instrument industries; ⑤ pharmaceutical and
biological industries; and ⑥ IT industry. Furthermore, if the
company belongs to one of the above six high-tech industries,
then the value of HIGHTECH is 1; otherwise, it is 0.

3.2.4 Control Variables
We also choose a series of factors that may affect an enterprise’s
development ability as control variables, whichmainly including the
scale of companies (SIZE), the profitability (ROA), the financial
leverage (LEV), the stock of cash (CASH), the Tobin Q (TOBINQ),
the growth ability (GROWTH), the scale of the Board (BOARD),
the scale of the Board of Supervisors (SUPERVISORS), the
proportion of independent directors (INDEP), the degree of
ownership concentration (TOP1), the executive compensation
(SALARY), the duality of CEO (DUAL), the listed years (AGE),
the nature of the property (SOE), the characteristics of auditors
(BIG4), and the audit opinion (OPINION). Table 2 provides a
detailed description of the relevant variables.

3.3 Empirical Models
On the basis of previous studies (Bhandari et al., 2017; Mccarthy
et al., 2017; Ali et al., 2019; Baskentli et al., 2019; Sun et al., 2020a;
Sun et al., 2020b; Zhang et al., 2021), we establish Equation 3 and
used OLS regression method to investigate the impact of green
innovation on the corporate sustainable development ability.

SGRi,t(SUSi,t) � β0 + β1GIi,t−1 + β2Controlsi,t + εi,t (3)

4 RESULTS AND DISCUSSIONS

4.1 Descriptive Statistics
We present summary statistics in Table 3. The SD of SGRt and
SUSt are 0.0686 and 0.0690, respectively, suggesting that there

exist great differences between SGRt and SUSt in different
samples. The maximum value of GIt−1 is 3.1355, the median
value is 0, and the SD is 0.8147, indicating that there are
significant differences in the number of green innovation
patents authorized among different enterprises. The mean
value of CSRDUMt is 0.4672, indicating that the mean CSR
of 46.72% of the samples is greater than the median. The mean
value of HIGHTECHt is 0.4634, indicating that 46.34% of the
samples are high-tech enterprises. The mean value of SIZEt is
22.1379, which indicates that the average total assets of sample
companies are 4.11498 billion yuan (e2.1379−1). The mean value
of ROAt turns out to be only 0.0343, indicating that the profit
performance of sample companies is generally poor. The mean
value of BIG4t is 0.0570, suggesting that 5.7% of the sample
companies select the “big four” accounting firms as auditors.
Table 3 also reports descriptive analysis results for other
variables.

4.2 Correlation Test
Table 4 shows the Pearson correlation between major variables.
The correlation analysis shows that GIt−1 is consistent with SGRt/
SUSt at 1% level. The above results indicate that there is a
significant positive correlation between green innovation and
corporate sustainable development ability in the univariate
influencing factors, which preliminarily verifies the research
hypothesis of this study. In addition, except for the two
explained variables SGRt and SUSt, the maximum correlation
coefficient is no more than 0.7. Therefore, there is no
multicollinearity problem in this model.

4.3 Results and Discussions
4.3.1 Green Innovation and Sustainable Development
Ability
Table 5 presents the results of the impact of green innovations on
corporate sustainability. SGRt is taken as the explained variable in
column (1), whereas SUSt is taken as the explained variable in
column (2). According to columns (1) and (2), the coefficient of
GIt−1 is significantly positive at the 1% statistical level. The above
information indicates that GIt−1 (which representing green
innovation) presents a positive statistical relationship with
SGRt/SUSt (which representing enterprise sustainable
development ability). That is, green innovation output of
enterprises can significantly improve the ability of sustainable

TABLE 1 | (Continued) Literature summary.

NO. Basic information Article name Main points of the article

29 Su et al., Economic Research Journal, 2017 Social Networks of Commercial Banks and the
Sustainable Development of Microfinance in China

Network type and the nature of network relationships are
conducive to promoting the sustainable development of
microfinance.

30 Yang et al., Auditing Research, 2018 Management Capability, Internal Control and Corporate
Sustainability

The improvement of internal control quality system of the
listed companies can enhance their sustainable
development ability.

31 Ren et al., Sustainability, 2020 Can CEO’s Humble Leadership Behavior Improve
Enterprise Performance and Sustainability? A case Study
of Chinese Start-Up Companies

The humble leadership behavior of CEO can improve the
performance and sustainable development ability of
enterprises.
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development in the next phase. This results indicates that the
hypothesis H1 proposed in the research hypothesis part of this
paper has been verified by the empirical analysis of a large
sample.

Among the control variables, regression coefficients of
SIZEt, ROAt, TOBIN Qt, GROWTHt, TOP1t, SALARYt, and
AGEt is significantly positive, which means a larger scale of
asset, greater profitability, higher enterprises’ value, better
growth ability, higher shareholding ratio of the largest

shareholder, higher pay of the top three executives, and
longer listing time are associated with higher corporate
sustainable development ability. The regression coefficients
of LEVt, CASHt, BOARDt, INDEPt,, and BIG4t are
significantly negative, indicating that weaker debt-paying
ability, higher cash holding rate, the bigger board size, a
higher proportion of independent directors, and hiring the
big four firms as auditors are associated with higher corporate
sustainable development ability.

TABLE 2 | Variable definitions.

Variables Definition of variables

SGRt SGRt = Net profit margin* retention ratio*(1 + equity ratio)/(1/total assets turnover − net profit margin* retention ratio*(1 +
equity ratio))

SUSt SUSt = return on equity * retention ratio/(1 − return on equity * retention ratio)
GIt−1 GIt−1 is equal to the natural logarithm of one plus the number of patents authorized in t−1 year.
SIZEt SIZEt is equal to the natural logarithm of total assets.
ROAt ROAt is equal to the net profit divided by average total assets.
LEVt LEVt is equal to the total liability divided by total assets.
CASHt CASHt is equal to the cash divided by total assets.
TOBIN Qt TOBIN Qt is equal to the market value divided by total assets.
GROWTHt GROWTHt is equal to the growth rate of main business revenue.
BOARDt BOARDt is equal to the natural logarithm of the number of the board.
SUPERVISORSt SUPERVISORSt is equal to the natural logarithm of the number of supervisors.
INDEPt INDEPt is equal to the number of independent directors divided by the number of the board.
TOP1t TOP1t is equal to proportion of the largest shareholder.
SALARYt SALARYt is equal to the natural logarithm of total compensation of the top three executives.
DUALt When the chairman and the general manager are concurrently held by the same person, the value of DUALt is 1; otherwise, it

is 0.
AGEt AGEt is equal to the difference between the sample year and the company’s listing year.
BIG4t When the auditing firm is among the “big four”, the value of BIG4t is 1; otherwise, it is 0.
OPINIONt When the company receives standard auditing opinion, the value of OPINIONt is 1; otherwise, it is 0.
Year The research sample covers 9 years from 2010 to 2018, then 8 years dummy variables are set.
Industry According to the industry standard of the guidelines for industry classification of the listed companies issued by China

Securities Regulatory Commission, the manufacturing industry adopts the secondary code classification, and the others are
classified according to the first level code.

TABLE 3 | Descriptive statistics.

Variables n Mean Std Min P25 Median P75 Max

SGRt 19,390 0.0721 0.0686 −0.0197 0.0266 0.0553 0.0955 0.3922
SUSt 19,390 0.0717 0.0690 −0.0280 0.0261 0.0551 0.0955 0.3933
GIt−1 19,390 0.4397 0.8147 0.0000 0.0000 0.0000 0.6931 3.1355
CSRDUMt 19,390 0.4672 0.4989 0.0000 0.0000 0.0000 1.0000 1.0000
HighTecht 19,390 0.4634 0.4987 0.0000 0.0000 0.0000 1.0000 1.0000
SIZEt 19,390 22.1379 1.2862 19.7200 21.2055 21.9672 22.8710 26.1053
ROAt 19,390 0.0343 0.0458 −0.0768 0.0136 0.0346 0.0563 0.1735
LEVt 19,390 0.4097 0.2247 0.0078 0.2328 0.3904 0.5647 0.9666
CASHt 19,390 0.1877 0.1331 0.0168 0.0936 0.1507 0.2440 0.6505
TOBIN Qt 19,390 2.5716 1.8047 0.8794 1.3888 1.9910 3.0724 10.8656
GROWTHt 19,390 0.2424 0.5434 −0.4706 0.0128 0.1369 0.3077 3.9964
BOARDt 19,390 2.2547 0.1764 1.7918 2.0794 2.3026 2.3026 2.7726
SUPERVISORSt 19,390 1.5022 0.1990 1.3863 1.3863 1.3863 1.6094 2.0794
INDEPt 19,390 0.3738 0.0532 0.3333 0.3333 0.3333 0.4286 0.5714
TOP1t 19,390 0.3518 0.1493 0.0877 0.2338 0.3334 0.4523 0.7498
SALARYt 19,390 14.2863 0.6933 12.6005 13.8392 14.2727 14.7023 16.2201
DUALt 19,390 0.2571 0.4371 0.0000 0.0000 0.0000 1.0000 1.0000
AGEt 19,390 9.7893 6.8789 0.0000 4.0000 8.0000 16.0000 24.0000
BIG4t 19,390 0.0570 0.2319 0.0000 0.0000 0.0000 0.0000 1.0000
OPINIONt 19,390 0.9807 0.1375 0.0000 1.0000 1.0000 1.0000 1.0000
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4.3.2 Green Innovation, Corporate Social
Responsibility, and Sustainable Development Ability
Research hypothesis H2 explores the impact of CSR on the
relationship between green innovation and corporate
sustainable development. On the basis of the CSR score, we
divide the whole sample into a high CSR group and a low
CSR group and use model (1) for the grouping test. Table 6
shows the regression results. Columns (1) and (3) test the group
with high social responsibility and find that the coefficient of
GIt−1 is not significant whatever SGRt or SUSt is taken as the
explained variable. The above information indicates that GIt−1
(which representing green innovation) has no correlation with
SGRt/SUSt (which representing enterprise sustainable
development ability) in the group with high social
responsibility. In other words, when CSR performance is
better, the impact of green innovation on enhancing the
corporate reputation rate and thus improving sustainableT
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TABLE 5 | The impact of green innovation on sustainable development ability.

Variables SGRt SUSt

(1) (2)

GIt−1 0.0175*** 0.0178***
— (2.93) (3.00)
SIZEt 0.0142*** 0.0148***
— (11.61) (10.42)
ROAt 0.1175* 0.1154*
— (1.89) (1.93)
LEVt −0.0588*** −0.0593***
— (−10.50) (−9.38)
CASHt −0.0267*** −0.0316***
— (−4.29) (−4.92)
TOBIN Qt 0.0112*** 0.0115***
— (16.10) (14.54)
GROWTHt 0.0187*** 0.0178***
— (6.25) (5.75)
BOARDt −0.0100** −0.0087*
— (−2.24) (−1.92)
SUPERVISORSt −0.0048 −0.0054
— (−1.08) (−1.31)
INDEPt −0.0465*** −0.0464***
— (−3.03) (−3.26)
TOP1t 0.0157*** 0.0167***
— (3.15) (3.15)
SALARYt 0.0108*** 0.0110***
— (8.39) (8.76)
DUALt −0.0011 −0.0006
— (−0.90) (−0.52)
AGEt 0.0012*** 0.0010***
— (6.66) (5.97)
BIG4t −0.0143*** −0.0153***
— (−4.29) (−4.00)
OPINIONt −0.0145 −0.0145
— (−1.22) (−1.25)
Constant −0.3443*** −0.3620***
— (−15.42) (−14.13)
Year Effect Yes Yes
INDUSTRY Effect Yes Yes
n 19390 19390
adj.R2 0.2463 0.2471

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.
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development ability is relatively limited. Columns (2) and
(4) test the group with low social responsibility and find that
the coefficient of GIt−1 is significantly positive at the
statistical level of 1% whether SGRt or SUSt is taken as
the explained variable. The above information indicates
that GIt−1 (which representing green innovation) presents
a positive statistical relationship with SGRt/SUSt (which
representing enterprise sustainable development ability) in
the group with low social responsibility. The cross-model
coefficient difference test shows significance at the level of
1% as well. That is, when the performance of CSR is poor,
green innovation has a strong influence on improving the
reputation of enterprises and thus improving the corporate
sustainable development ability. The above research findings

verify hypothesis H2 in the research hypothesis part of
this paper.

4.3.3 Greeninnovation, Scientific Research Ability, and
Sustainable Development Ability
Research hypothesis H3 explores the impact of scientific research
ability on the relationship between green innovation and
sustainable development. According to the classification of
whether it is a high-tech enterprise or not, we divide the
whole sample into high-tech enterprise group and non–high-
tech enterprise group respectively and use model (1) for grouping
test. Table 7 shows the regression results. Columns (1) and (3)
test the high-tech enterprise group and find that the coefficient of
GIt−1 is not significant whether SGRt or SUSt is used as the
explained variable. The above information indicates that GIt−1
(which representing green innovation) has no correlation with
SGRt/SUSt (which representing enterprise sustainable
development ability) in the high-tech enterprise group. In
other words, when the company is a high-tech enterprise, it is
more difficult for green innovation to improve the resource
utilization rate and thus improve sustainable development
ability. Columns (2) and (4) test non–high-tech enterprises
and find that the coefficient of GIt−1 is significantly positive at
the statistical level of 1% whether SGRt or SUSt is used as the
explained variable. The above information indicates that GIt−1
(which representing green innovation) presents a positive
statistical relationship with SGRt/SUSt (which representing
enterprise sustainable development ability) in the non–high-
tech enterprise group. The cross-model coefficient difference
test shows significance at the level of 1% as well. That is,
when the company is a non–high-tech enterprise, green
innovation can improve the utilization rate of resources and
thus improve the ability of sustainable development. The above
research findings verify hypothesis H3 in the research hypothesis
part of this paper.

4.4 Robustness Test
4.4.1 PSM Procedure
In this paper, three ways are used to test robustness. Firstly, we
adopt the one-to-one PSM method to solve the potential
endogeneity problems. Referring to previous researches (Khan
et al., 2013; Giannetti et al., 2015; Wu et al., 2020), we set the
samples with more than one authorized number of green
innovation patents as the experimental group and set the
samples with the authorized number of green innovation
patents equal to 0 as the control group. The Probit regression
method is then used to calculate the propensity score of each
control group sample, and a control group sample with the closest
probability is matched for each test group sample. Finally, all the
5,139 control group samples in this paper are successfully
matched. Then, we the matched samples and the
corresponding paired samples are combined and obtain 10,278
samples in the end.

Table 8 lists the regression results of the paired samples by the
propensity score matching method. The regression results show
that, when SGRt or SUSt is used as the explained variable, the
coefficient of GIt−1 is significantly positive at the statistical level of

TABLE 6 | Green innovation, corporate social responsibility, and sustainable
development ability.

Variables SGRt SUSt

High CSR Low CSR High CSR Low CSR

(1) (2) (3) (4)

GIt−1 −0.0018 0.0171*** −0.0016 0.0180***
(−1.50) (19.20) (−1.33) (20.11)

p-value of Diff. in Coef 0.0000*** 0.0000***
SIZEt 0.0217*** 0.0097*** 0.0221*** 0.0100***

(27.10) (11.61) (27.41) (11.87)
ROAt 0.0811*** 0.1576*** 0.0766*** 0.1554***

(5.42) (9.77) (5.08) (9.57)
LEVt −0.1063*** −0.0173*** −0.1050*** −0.0190***

(−30.62) (−5.20) (−29.98) (−5.65)
CASHt −0.0279*** −0.0251*** −0.0332*** −0.0300***

(−5.22) (−4.92) (−6.16) (−5.85)
TOBIN Qt 0.0104*** 0.0111*** 0.0109*** 0.0110***

(20.97) (25.13) (21.92) (24.84)
GROWTHt 0.0219*** 0.0172*** 0.0217*** 0.0161***

(16.15) (17.24) (15.91) (16.07)
BOARDt −0.0099** −0.0079* −0.0078* −0.0073*

(−2.22) (−1.80) (−1.73) (−1.66)
SUPERVISORSt 0.0000 −0.0094*** −0.0008 −0.0097***

(0.01) (−2.74) (−0.24) (−2.83)
INDEPt −0.0561*** −0.0329** −0.0532*** −0.0364***

(−4.13) (−2.43) (−3.88) (−2.66)
TOP1t 0.0124*** 0.0217*** 0.0121*** 0.0239***

(2.81) (5.07) (2.72) (5.56)
SALARYt 0.0154*** 0.0079*** 0.0157*** 0.0077***

(13.94) (7.40) (14.14) (7.17)
DUALt −0.0003 −0.0020 −0.0006 −0.0007

(−0.20) (−1.45) (−0.36) (−0.51)
AGEt 0.0005*** 0.0015*** 0.0004*** 0.0014***

(4.90) (14.63) (3.76) (13.11)
BIG4t −0.0141*** −0.0232*** −0.0159*** −0.0230***

(−5.60) (−6.73) (−6.26) (−6.63)
OPINIONt 0.0010 −0.0205*** 0.0009 −0.0206***

(0.18) (−5.27) (0.16) (−5.27)
Constant −0.5662*** −0.2188*** −0.5883*** −0.2223***

(−27.28) (−10.22) (−28.11) (−10.32)
YEAR Effect Yes Yes Yes Yes
INDUSTRY Effect Yes Yes Yes Yes
n 9059 10331 9059 10331
adj.R2 0.2980 0.2088 0.2999 0.2050

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.
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1%, which is consistent with the test results above, and the
original regression results are robust.

4.4.2 Two-Stage Least Square Regression
We mainly study the impact of green innovation on the
sustainable development ability of enterprises in this study,
but enterprises with better sustainable development ability are
more capable and motivated to carry out green innovation. To
solve the problem of reverse causation, we use the two-stage least
square method to conduct the endogeneity test.

Drawing on the research of Meng et al. (2019), we select the
unemployment rate of the city where the enterprise is located
(Unemploymentt) and the number of “985 Project” universities in
the province where the enterprise is located (Academict) as
instrumental variables. From the perspective of correlation, the
higher the unemployment rate, the weaker the innovation ability

and the lower the willingness of enterprises to carry out green
innovation. “Project 985” universities are the 39 universities with
the strongest comprehensive scientific research ability in China.
The more “985 Project” universities in the province, the better the
scientific research foundation and environment in the region and
the higher the willingness of enterprises to carry out green
innovation. From the perspective of externality, there is no
obvious logical relationship between the regional
unemployment rate or the number of regional “985 projects”
colleges and the sustainable development ability of a single
enterprise. The test results of instrumental variable correlation
and homogeneity also support the above conclusions in this
paper. Specifically, as shown in Table 9, on the one hand, the
test of weak instrumental variables shows that partial R2 is
0.0000, and the F statistic is equal to 91.0423, exceeding the
threshold value of 10. Therefore, there is no evidence that

TABLE 7 | Green innovation, scientific research ability, and sustainable development ability.

Variables SGRt SUSt

High-tech enterprise Non–high-tech enterprise High-tech enterprise Non–high-tech enterprise

(1) (2) (3) (4)

GIt−1 −0.0008 0.0267*** −0.0005 0.0273***
(−0.82) (27.22) (−0.50) (27.49)

p-value of Diff. in Coef 0.0000*** 0.0000***
SIZEt 0.0160*** 0.0148*** 0.0164*** 0.0155***

(17.88) (19.66) (18.35) (20.40)
ROAt 0.1486*** 0.0713*** 0.1461*** 0.0692***

(8.98) (4.86) (8.82) (4.67)
LEVt −0.0582*** −0.0594*** −0.0602*** −0.0587***

(−16.11) (−18.33) (−16.66) (−17.95)
CASHt −0.0346*** −0.0172*** −0.0419*** −0.0202***

(−6.28) (−3.39) (−7.60) (−3.95)
TOBIN Qt 0.0115*** 0.0113*** 0.0115*** 0.0116***

(24.15) (24.50) (24.11) (25.09)
GROWTHt 0.0251*** 0.0158*** 0.0244*** 0.0148***

(18.00) (15.85) (17.46) (14.75)
BOARDt −0.0063 −0.0082** −0.0034 −0.0080*

(−1.29) (−1.99) (−0.70) (−1.92)
SUPERVISORSt −0.0124*** 0.0019 −0.0106*** −0.0004

(−3.33) (0.59) (−2.84) (−0.13)
INDEPt −0.0446*** −0.0318** −0.0389*** −0.0369***

(−3.05) (−2.45) (−2.66) (−2.81)
TOP1t 0.0141*** 0.0174*** 0.0124*** 0.0203***

(3.06) (4.14) (2.70) (4.78)
SALARYt 0.0137*** 0.0098*** 0.0137*** 0.0101***

(11.80) (9.52) (11.79) (9.70)
DUALt −0.0003 −0.0013 0.0004 −0.0009

(−0.19) (−0.89) (0.26) (−0.57)
AGEt 0.0014*** 0.0008*** 0.0012*** 0.0007***

(12.20) (7.95) (10.23) (7.08)
BIG4t −0.0100*** −0.0129*** −0.0120*** −0.0133***

(−3.20) (−4.78) (−3.85) (−4.86)
OPINIONt −0.0373*** −0.0024 −0.0373*** −0.0025

(−7.19) (−0.59) (−7.17) (−0.62)
Constant −0.3920*** −0.3724*** −0.4065*** −0.3911***

(−16.96) (−19.80) (−17.56) (−20.58)
YEAR Effect Yes Yes Yes Yes
INDUSTRY Effect Yes Yes Yes Yes
N 8986 10404 8986 10404
adj.R2 0.2304 0.2428 0.2273 0.2456

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2) Numbers in the brackets are T values adjusted according to heteroscedasticity.
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Unemploymentt and Academict are weak instrumental variables.
On the other hand, neither Sargan χ2 nor Baumann χ2 is
significant at the 1% level. Therefore, there is no evidence that
the instrumental variables of Unemploymentt and Academict
have the problem of over-identification.

The test results of the two-stage least square method of
instrumental variables are shown in Table 9. In the first
stage, two instrumental variables are respectively regressed to
green innovation (GIt−1). It can be seen that the unemployment
rate of the city where the enterprise is located is negatively
correlated with green innovation, whereas the number of “985
Project” universities is positively correlated with green
innovation, which conforms to the realistic situation. In the
second stage, the fitting value of green innovation is returned to
SGRt and SUSt. After the endogeneity problem was controlled,
the coefficient of IV-GIt−1 is significantly positive at the level of
1%, consistent with the previous conclusion. The above results

show that the impact of green innovation on the sustainable
development ability of enterprises is less influenced by
endogeneity.

TABLE 8 | Endogeneity examination PSM procedure.

Variables SGRt SUSt

(1) (2)

GIt−1 0.0251** 0.0259**
(2.22) (2.30)

SIZEt 0.0117*** 0.0123***
(7.70) (7.24)

ROAt 0.0093 0.0034
(0.15) (0.06)

LEVt −0.0638*** −0.0619***
(−7.31) (−6.72)

CASHt −0.0311*** −0.0349***
(−3.95) (−4.45)

TOBIN Qt 0.0129*** 0.0134***
(13.33) (14.41)

GROWTHt 0.0188*** 0.0179***
(8.61) (7.94)

BOARDt −0.0066 −0.0051
(−1.57) (−1.14)

SUPERVISORSt −0.0067 −0.0081*
(−1.44) (−1.75)

INDEPt −0.0400 −0.0395*
(−1.52) (−1.74)

TOP1t 0.0214*** 0.0212***
(3.10) (3.02)

SALARYt 0.0102*** 0.0103***
(6.23) (7.13)

DUALt −0.0010 −0.0001
(−0.57) (−0.07)

AGEt 0.0015*** 0.0014***
(10.15) (8.74)

BIG4t −0.0153*** −0.0161***
(−5.59) (−4.87)

OPINIONt −0.0242* −0.0203**
(−2.08) (−2.21)

Constant −0.2597*** −0.2861***
(−10.46) (−9.71)

YEAR Effect Yes Yes
INDUSTRY Effect Yes Yes
n 10278 10278
adj.R2 0.2464 0.2452

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.

TABLE 9 | Endogeneity examination using two-stage least square regression.

Variables First stage Second stage

GIt−1 SGRt SUSt

(1) (2) (3)

Unemploymentt −0.6072***
(−5.62)

Academict 0.2415***
(7.14)

IV-GIt−1 0.0024*** 0.0021***
(7.28) (6.20)

SIZEt 2.4487*** 0.0097*** 0.0110***
(24.68) (10.08) (10.90)

ROAt −47.3466*** 0.2157*** 0.2008***
(−24.80) (12.11) (10.80)

LEVt −14.0933*** −0.0244***
−0.0287***

(−33.67) (−4.81) (−5.41)
CASHt −3.9923*** −0.0184***

−0.0242***
(−6.17) (−5.92) (−7.47)

TOBIN Qt 2.0156*** 0.0068*** 0.0075***
(35.20) (9.31) (9.92)

GROWTHt 2.4239*** 0.0141*** 0.0139***
(17.25) (13.83) (13.08)

BOARDt −1.9898*** −0.0051** −0.0043
(−3.62) (−2.02) (−1.64)

SUPERVISORSt −0.1479 −0.0028 −0.0035*
(−0.35) (−1.49) (−1.80)

INDEPt −8.2614*** −0.0272***
−0.0293***

(−4.90) (−3.42) (−3.52)
TOP1t 2.9857*** 0.0088*** 0.0105***

(5.54) (3.37) (3.87)
SALARYt 2.2079*** 0.0060*** 0.0068***

(16.25) (5.84) (6.37)
DUALt −0.3262* −0.0006 −0.0001

(−1.80) (−0.72) (−0.11)
AGEt 0.0810*** 0.0009*** 0.0008***

(6.16) (14.19) (11.56)
BIG4t −1.7213*** −0.0109***

−0.0123***
(−4.84) (−6.61) (−7.13)

OPINIONt −0.7350 −0.0144***
−0.0145***

(−1.31) (−5.76) (−5.57)
Constant −63.3182*** −0.2170***

−0.2545***
(−24.31) (−8.23) (−9.24)

YEAR Effect YES YES YES
INDUSTRY Effect YES YES YES
n 19390 19390 19390
adj.R2 0.2355 0.5399 0.5049
Tests of weak instruments
Partial-R2 0.0000
F-statistic 91.0423
Tests of overidentifying restrictions
Sargan χ2 7.4616 8.1149
Basmann χ2 7.4467 8.0990

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.
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4.4.3 Substitution of Green Innovation
In the previous study, green patent authorized is used to measure
green innovation. In the robustness test, we use green patent
applications (GI_Applicationt−1) to measure green innovation.
Specifically, GI_Applicationt−1 is the natural logarithm of one
plus the number of green patent applications. Regression results
in Table 10 show that the coefficient of GI_Applicationt−1 is
significantly positive at the statistical level of 1%whatever SGRt or
SUSt is used as the explained variable. The result of hypothesis H1
remains robust.

In columns (1) and (3) of Table 11, the high social
responsibility group is tested, and it is found that the
coefficient of GI_ Applicationt−1 is not significant no matter
SGRt or SUSt is used as the explained variable. In columns (2)
and (4) of Table 9, the high social responsibility group is tested,
and it is found that the coefficient of GI_ Applicationt−1 is
significantly positive at the statistical level of 1% no matter

SGRt or SUSt is taken as the explained variable. The cross-
model coefficient difference test is significant at the level of
1% as well. The above studies show that hypothesis H2
remains robust.

In columns (1) and (3) of Table 12, the high-tech enterprise
group is tested, and we find that the coefficient of GI_
Applicationt−1 is not significant whether SGRt or SUSt is used
as the explained variable. We test non–high-tech enterprises in
columns (2) and (4) of Table 9 and find that no matter SGRt or
SUSt is used as explained variables, the coefficient of GI_
Applicationt−1 is significantly positive at the statistical level of
1%. The cross-model coefficient difference test is significant at the
level of 1%. The above studies indicate that hypothesis H3
remains robust.

TABLE 10 | Using the substitution of green innovation (hypothesis H1).

Variables SGRt SUSt

(1) (2)

GI_Applicationt−1 0.0155*** 0.0157***
(2.95) (3.00)

SIZEt 0.0139*** 0.0145***
(11.21) (10.07)

ROAt 0.1153* 0.1131*
(1.85) (1.89)

LEVt −0.0587*** −0.0592***
(−11.06) (−9.98)

CASHt −0.0283*** −0.0332***
(−4.38) (−5.07)

TOBIN Qt 0.0113*** 0.0115***
(16.10) (14.16)

GROWTHt 0.0188*** 0.0180***
(6.61) (6.06)

BOARDt −0.0104** −0.0091*
(−2.41) (−2.08)

SUPERVISORSt −0.0056 −0.0063
(−1.36) (−1.61)

INDEPt −0.0465*** −0.0465***
(−3.05) (−3.27)

TOP1t 0.0170*** 0.0179***
(3.43) (3.38)

SALARYt 0.0106*** 0.0108***
(7.92) (8.22)

DUALt −0.0013 −0.0007
(−1.12) (−0.75)

AGEt 0.0012*** 0.0010***
(6.74) (6.02)

BIG4t −0.0151*** −0.0162***
(−4.36) (−4.18)

OPINIONt −0.0145 −0.0145
(−1.19) (−1.22)

Constant −0.3339*** −0.3515***
(−14.63) (−13.35)

YEAR Effect Yes Yes
INDUSTRY Effect Yes Yes
N 19390 19390
adj.R2 0.2438 0.2446

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.

TABLE 11 | Using the substitution of green innovation (hypothesis H2).

Variables SGRt SUSt

High CSR Low CSR High CSR Low CSR

(1) (2) (3) (4)

GI_Applicationt−1 0.0015 0.0136*** 0.0016 0.0144***
(1.51) (16.62) (1.60) (17.53)

p-value of Diff. in Coef 0.0000*** 0.0000***
SIZEt 0.0212*** 0.0099*** 0.0217*** 0.0102***

(26.40) (11.76) (26.72) (12.01)
ROAt 0.0786*** 0.1599*** 0.0741*** 0.1579***

(5.25) (9.87) (4.91) (9.68)
LEVt −0.1064*** −0.0178*** −0.1050*** −0.0195***

(−30.64) (−5.32) (−30.00) (−5.78)
CASHt −0.0282*** −0.0266*** −0.0335*** −0.0317***

(−5.28) (−5.20) (−6.21) (−6.15)
TOBIN Qt 0.0104*** 0.0112*** 0.0109*** 0.0111***

(20.99) (25.19) (21.95) (24.89)
GROWTHt 0.0220*** 0.0173*** 0.0219*** 0.0163***

(16.26) (17.29) (16.01) (16.12)
BOARDt −0.0102** −0.0075* −0.0081* −0.0069

(−2.28) (−1.70) −1.79) (−1.56)
SUPERVISORSt −0.0002 −0.0096*** −0.0010 −0.0101***

(−0.05) (−2.81) (−0.30) (−2.91)
INDEPt −0.0567*** −0.0318** −0.0538*** −0.0352**

(−4.17) (−2.33) (−3.93) (−2.57)
TOP1t 0.0127*** 0.0228*** 0.0124*** 0.0251***

(2.88) (5.31) (2.79) (5.81)
SALARYt 0.0152*** 0.0080*** 0.0155*** 0.0078***

(13.78) (7.38) (13.98) (7.16)
DUALt −0.0004 −0.0021 −0.0007 −0.0008

(−0.27) (−1.52) (−0.43) (−0.59)
AGEt 0.0006*** 0.0015*** 0.0004*** 0.0014***

(5.14) (14.50) (3.99) (12.99)
BIG4t −0.0146*** −0.0238*** −0.0164*** −0.0237***

(−5.80) (−6.87) (−6.45) (−6.79)
OPINIONt 0.0011 −0.0207*** 0.0010 −0.0208***

(0.20) (−5.30) (0.18) (−5.31)
Constant −0.5528*** −0.2222*** −0.5751*** −0.2256***

(−26.48) (−10.32) (−27.32) (−10.41)
YEAR Effect Yes Yes Yes Yes
INDUSTRY Effect Yes Yes Yes Yes
N 9059 10331 9059 10331
adj.R2 0.2980 0.2019 0.2999 0.1977

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.
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4.5 Further Test
4.5.1 Heterogeneity Analysis of Different Property
Rights
Under the special institutional background of China, the relevant
researches at the micro-level of enterprises need to consider the
differences brought by the nature of property rights. Therefore,
we further analyze the impact of property difference on the
relationship between green innovation and the sustainable
development ability of enterprises. According to the previous
analysis, green innovation can improve the reputation of
enterprises and enhance the efficiency of resource utilization,
thus improving the ability of sustainable development. Previous
studies have shown that, compared with non–state-owned
enterprises, state-owned enterprises usually have a higher
reputation (Tan, 2017) and better scientific research ability
(Xiao et al., 2013). Therefore, we point out that, when the

enterprise is state-owned, there is less space for green
innovation to improve the reputation of the enterprise and
strengthen the scientific research ability, which makes it more
difficult to improve the ability of sustainable development. On the
contrary, when the enterprise is non–state-owned, green
innovation can help to improve its reputation and strengthen
its scientific research ability, to significantly improve its ability of
sustainable development.

Columns (1) and (3) of Table 13 test the state-owned
enterprise group and find that the coefficient of GIt−1 is not
significant whether SGRt or SUSt is taken as the explained
variable. Columns (2) and (4) of Table 13 test the non–state-
owned enterprise group and find that the coefficient of GIt−1 is
significantly positive at the statistical level of 1% whether SGRt or
SUSt is taken as the explained variable. The cross-model
coefficient difference test is significant at the level of 1%. The

TABLE 12 | Using the substitution of green innovation (hypothesis H3).

Variables SGRt SUSt

High-tech enterprise Non–high-tech enterprise High-tech enterprise Non–high-tech enterprise

(1) (2) (3) (4)

GI_Applicationt−1 0.0011 0.0138*** 0.0013 0.0145***
(1.36) (12.96) (1.60) (13.50)

p-value of Diff. in Coef 0.0000*** 0.0000***
SIZEt 0.0156*** 0.0151*** 0.0161*** 0.0159***

(17.29) (19.60) (17.82) (20.34)
ROAt 0.1477*** 0.0585*** 0.1448*** 0.0559***

(8.92) (3.88) (8.73) (3.67)
LEVt −0.0583*** −0.0609*** −0.0600*** −0.0601***

(−16.12) (−18.27) (−16.58) (−17.86)
CASHt −0.0349*** −0.0196*** −0.0420*** −0.0226***

(−6.33) (−3.78) (−7.61) (−4.31)
TOBIN Qt 0.0115*** 0.0118*** 0.0115*** 0.0122***

(24.03) (25.08) (23.99) (25.60)
GROWTHt 0.0252*** 0.0169*** 0.0244*** 0.0159***

(18.05) (16.56) (17.45) (15.42)
BOARDt −0.0061 −0.0091** −0.0026 −0.0083*

(−1.24) (−2.12) (−0.53) (−1.92)
SUPERVISORSt −0.0114*** 0.0030 −0.0086** 0.0015

(−2.97) (0.89) (−2.23) (0.42)
INDEPt −0.0454*** −0.0353*** −0.0388*** −0.0397***

(−3.11) (−2.65) (−2.65) (−2.94)
TOP1t 0.0154*** 0.0210*** 0.0146*** 0.0250***

(3.29) (4.74) (3.13) (5.60)
SALARYt 0.0135*** 0.0100*** 0.0135*** 0.0102***

(11.66) (9.41) (11.64) (9.55)
DUALt −0.0006 −0.0022 −0.0002 −0.0020

(−0.40) (−1.43) (−0.13) (−1.26)
AGEt 0.0015*** 0.0008*** 0.0013*** 0.0008***

(12.06) (7.77) (10.62) (7.37)
BIG4t −0.0020 −0.0027* −0.0040** −0.0045***

(−1.14) (−1.74) (−2.25) (−2.84)
OPINIONt −0.0105*** −0.0157*** −0.0124*** −0.0160***

(−3.36) (−5.66) (−3.97) (−5.71)
Constant −0.3828*** −0.3764*** −0.4016*** −0.3973***

(−16.30) (−19.36) (−17.08) (−20.23)
Year Effect YES YES YES YES
Industry Effect YES YES YES YES
N 8986 10404 8986 10404
adj.R2 0.2306 0.2018 0.2278 0.2051

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2) Numbers in the brackets are T values adjusted according to heteroscedasticity.
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above results indicate that, compared with state-owned
enterprises, green innovation plays a more significant role in
enhancing the ability of sustainable development in non–state-
owned enterprises.

4.5.2 Heterogeneity Analysis of Different Types of
Green Innovation
The previous study finds that the output of green innovation
significantly improves the sustainable development ability of
enterprises. At present, the patent is divided into invention
patent, utility model patent, and appearance design patent in
China. Invention patent relates to the new product’s
manufacturing and application method, utility model patent
relates to the technical improvement and product

reconstruction, and appearance design patent only relates to the
design of product appearance and pattern. Existing studies have
suggested that only invention patents can reflect the technological
innovation level of enterprises, whereas utility model patents and
appearance design patents have a low correlation with
technological innovation (Li and Zheng, 2016). Therefore, we
construct the variables GI-INVENTIONt−1 and GI-OTHERt−1.
GI-INVENTIONt−1 is the natural logarithm of one plus the
number of green invention patents authorized. GI-OTHERt−1 is
the natural logarithm of one plus the number of green utility model
patents and green appearance patents authorized.

The results in columns (1) and (3) of Table 14 show that the
coefficient of GI-INVENTIONt−1 is significantly positive at the
1% statistical level whether SGRt or SUSt is used as the explained
variable. The results in columns (2) and (4) of Table 14 show that

TABLE 13 | Green innovation, property right nature and sustainable development
of enterprises.

Variables SGRt SUSt

SOE NON-SOE SOE NON-SOE

(1) (2) (3) (4)

GIt−1 0.0005 0.0162*** 0.0012 0.0165***
(0.53) (25.88) (1.20) (25.98)

p-value of Diff. in Coef 0.0000*** 0.0000***
SIZEt 0.0118*** 0.0193*** 0.0116*** 0.0206***

(13.07) (25.19) (12.84) (26.39)
ROAt −0.0956*** 0.2592*** −0.0901*** 0.2510***

(−5.02) (19.29) (−4.75) (18.41)
LEVt −0.0756*** −0.0443*** −0.0766*** −0.0449***

(−19.13) (−14.47) (−19.46) (−14.46)
CASHt 0.0069 −0.0390*** −0.0027 −0.0417***

(0.97) (−9.01) (−0.38) (−9.49)
TOBIN Qt 0.0115*** 0.0113*** 0.0113*** 0.0117***

(16.18) (30.23) (15.96) (30.80)
GROWTHt 0.0161*** 0.0188*** 0.0148*** 0.0180***

(10.94) (19.80) (10.15) (18.72)
BOARDt −0.0126** −0.0013 −0.0073 −0.0025

(−2.55) (−0.32) (−1.48) (−0.58)
SUPERVISORSt 0.0020 −0.0099** 0.0019 −0.0097**

(0.61) (−2.49) (0.56) (−2.42)
INDEPt −0.0644*** −0.0129 −0.0577*** −0.0173

(−4.17) (−1.02) (−3.75) (−1.34)
TOP1t 0.0123** 0.0257*** 0.0138*** 0.0281***

(2.30) (6.54) (2.60) (7.05)
SALARYt 0.0141*** 0.0058*** 0.0144*** 0.0058***

(10.25) (6.22) (10.48) (6.11)
DUALt −0.0030 −0.0010 −0.0024 −0.0008

(−1.21) (−0.93) (−0.95) (−0.67)
AGEt 0.0011*** 0.0012*** 0.0009*** 0.0011***

(8.00) (11.61) (6.78) (10.43)
BIG4t −0.0060** −0.0216*** −0.0067** −0.0225***

(−2.18) (−6.63) (−2.47) (−6.82)
OPINIONt −0.0281*** −0.0087** −0.0223*** −0.0114***

(−4.70) (−2.35) (−3.74) (−3.02)
Constant −0.3188*** −0.4221*** −0.3379*** −0.4436***

(−13.38) (−21.45) (−14.24) (−22.21)
YEAR Effect YES YES YES YES
INDUSTRY Effect YES YES YES YES
N 7447 11943 7447 11943
adj.R2 0.2074 0.2805 0.2042 0.2821

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.

TABLE 14 | Green innovation, type of innovation patent and sustainable
development of enterprises.

Variables SGRt SUSt

(1) (2) (3) (4)

GI-INVENTIONt−1 0.0180*** 0.0182***
(4.95) (4.95)

GI-OTHERt−1 0.0011 0.0013
(0.83) (0.94)

SIZEt 0.0134*** 0.0158*** 0.0140*** 0.0164***
(7.43) (12.20) (7.17) (11.42)

ROAt 0.0988 0.1017 0.0964 0.0994
(1.50) (1.55) (1.51) (1.57)

LEVt −0.0509*** −0.0588*** −0.0513*** −0.0594***
(−8.50) (−10.79) (−9.39) (−10.19)

CASHt −0.0259*** −0.0269*** −0.0308*** −0.0318***
(−3.93) (−4.11) (−5.40) (−5.39)

TOBIN Qt 0.0109*** 0.0117*** 0.0111*** 0.0119***
(11.02) (16.05) (9.61) (14.17)

GROWTHt 0.0197*** 0.0199*** 0.0189*** 0.0191***
(10.74) (9.72) (9.74) (8.81)

BOARDt −0.0101* −0.0101* −0.0088 −0.0088*
(−2.05) (−2.08) (−1.72) (−1.74)

SUPERVISORSt −0.0057 −0.0037 −0.0063 −0.0044
(−1.08) (−0.68) (−1.35) (−0.89)

INDEPt −0.0419*** −0.0464*** −0.0418*** −0.0464***
(−2.97) (−3.38) (−2.94) (−3.41)

TOP1t 0.0148** 0.0164*** 0.0157** 0.0173***
(2.69) (3.00) (2.58) (2.86)

SALARYt 0.0099*** 0.0119*** 0.0101*** 0.0121***
(9.13) (8.11) (8.74) (8.30)

DUALt −0.0017 −0.0014 −0.0011 −0.0008
(−1.69) (−1.33) (−1.38) (−0.95)

AGEt 0.0011*** 0.0011*** 0.0009*** 0.0009***
(6.48) (6.61) (6.09) (5.92)

BIG4t −0.0176*** −0.0144*** −0.0187*** −0.0154***
(−4.74) (−3.95) (−4.48) (−3.98)

OPINIONt −0.0156 −0.0160 −0.0156 −0.0160
(−1.37) (−1.36) (−1.39) (−1.39)

Constant −0.3082*** −0.3878*** −0.3257*** −0.4056***
(−5.97) (−18.35) (−6.22) (−16.69)

Year Effect Yes Yes Yes YES
Industry Effect Yes Yes Yes Yes
n 19390 19390 19390 19390
adj.R2 0.2311 0.2053 0.2315 0.2055

Note: (1) ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. (2)
Numbers in the brackets are T values adjusted according to heteroscedasticity.
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the coefficient of GI-OTHERt−1 is not significant whether SGRt or
SUSt is taken as the explained variable. The above results show
that only invention patents of green innovation can significantly
improve the sustainable development ability of enterprises,
whereas non-invention patents cannot affect the sustainable
development ability of enterprises.

5 CONCLUSIONS AND POLICY
IMPLICATIONS

5.1 Conclusion
In recent years, China has stepped up the punishment for
environmental pollution and advocated sustainable
development vigorously. Under this background, exploring the
impact of green innovation on the sustainable development
ability of enterprises not only can expand the boundary of the
research on the factors influencing the enterprises’ sustainable
development ability and the economic consequences of green
innovation but also can provide reference for the decision-
making of the listed companies.

We take the Chinese A-share listed companies from 2010 to 2018
as the research subject and empirically test the impact of green
innovation on the sustainable development ability of enterprises. The
study finds the following: 1) green innovation significantly improves
the sustainable development ability of enterprises; and 2) when the
CSR performance is worse and scientific research ability is limited,
green innovation plays a more significant role in improving the
sustainable development ability of enterprises. The above results
remain valid after the robustness test. In the further test, the study
shows that compared with state-owned enterprises, the
improvement of green innovation on sustainable development
ability is more obvious in non–state-owned enterprises. In
addition, only invention patents of green innovation can
significantly improve the sustainable development ability of
enterprises, whereas non-invention patents cannot affect the
sustainable development ability of enterprises.

5.2 Policy Implications
The conclusions of this study have the following inspirations for
enterprises and their managers: Firstly, the results of the above
empirical test show that the output of green innovation

significantly improves corporate sustainable development.
Therefore, corporate managers are supposed to fully
recognize the important role of green innovation. They
should attach importance to the transformation of green
innovation achievements and realize the sustainable
development of enterprises through green innovation.
Secondly, the previous study find that only invention
patents of green innovation can significantly improve the
corporate sustainable development ability, whereas non-
invention patents cannot affect it. Therefore, among
different types of innovation, enterprises can invest more in
the R&D of invention patents, to effectively help improve the
sustainable development ability of enterprises. Thirdly, the
above empirical test results show that reputation incentive and
research incentive can influence the relationship between
green innovation and sustainable development ability of
enterprises. Therefore, enterprises should improve the
reputation evaluation mechanism and the incentive system
of scientific research, strengthen the reputation among
enterprises with the help of social responsibility, and
effectively improve the ability of sustainable development
with the help of scientific and technological innovation.
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