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ABSTRACT

Environmental, Social, and Governance (ESG), a key concept in sustainable development, plays a critical role in
shaping corporate green economic activities. This study investigated the effect of ESG information disclosure on
corporate green innovation using data from Chinese A-share listed companies from 2013 to 2022. The findings
revealed that ESG information disclosure significantly fosters corporate green innovation and the results remain
robust across various robustness checks and endogeneity tests. The heterogeneity analysis indicated that the
positive effect of ESG information disclosure on corporate green innovation is more pronounced among state-
owned enterprises, firms located in the eastern region, and companies operating in non-heavily polluting in-
dustries. Furthermore, mechanism analysis suggested that ESG information disclosure influences corporate green
innovation through two primary channels: easing financing constraints and attracting the attention of analysts.
However, this study acknowledged the limitations of the mechanism analysis. Future research should aim to
integrate insights from related disciplines to further explore the mechanisms by which ESG information

Policy impact disclosure affects corporate green innovation from a more comprehensive perspective.

Regional differences

Introduction

Global issues such as environmental pollution and climate change
are becoming increasingly severe. Research has shown that the fre-
quency and intensity of extreme weather events continue to rise, pri-
marily because of massive greenhouse gas emissions. In 2019, to combat
climate change and environmental crises while safeguarding industrial
competitiveness within the region, the European Union issued the Eu-
ropean Green Deal, which announced the goal of achieving net-zero
greenhouse gas emissions by 2050. Currently, countries around the
world are enacting environmental policies aligned with their national
conditions to support the achievement of carbon neutrality goals. Sus-
tainable development has become a focal point of global attention
(Arisanti et al., 2024; Jasmi & Hassan, 2024; Khasawneh, 2024; Hosgor
et al., 2023; Hu et al., 2024; Lin & Zhai, 2023; LoSonczi et al., 2022;
Oceng et al., 2023; Shashyna et al., 2023).

While experiencing rapid economic growth, China faces the serious
challenge of high carbon dioxide emissions (He et al., 2022; Wang et al.,
2024; Zhao et al., 2023). Consequently, the Chinese government and
relevant departments have taken proactive measures to promote energy
conservation and emission reduction, improve the environmental
well-being of their citizens, and shoulder global responsibilities. China’s
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13th and 14th Five-Year Plans emphasize the strategic importance of
green development in the modernization process. Furthermore, China’s
20th National Congress Report reiterated the sustainable development
concept of “lucid waters and lush mountains are invaluable assets” and
called for advancing the green transformation of economic and social
development, firmly pursuing a path of ecological development to help
achieve the “dual carbon” goals (Hu et al., 2024).

However, addressing environmental issues is not the sole re-
sponsibility of the government; enterprises also play a critical role in this
process. Enterprises are key players in the market environment and must
effectively fulfill dual roles. Companies should continuously innovate to
enhance their market share and value, thereby strengthening their
competitive advantages, which require financial, human, and material
resources. Meanwhile, companies must assume a certain level of social
responsibility and focus on environmental protection while pursuing
economic growth. They should strive for high-quality and sustainable
development, contributing to global carbon emission reduction efforts.
Therefore, entrepreneurs today face the challenge of striking a balance
between operating in a competitive market environment and promoting
sustainable development. This balance must provide both economic and
environmental benefits to enterprises.

Green innovation can achieve this balance by reducing harmful
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impacts on the environment, while improving the economic efficiency of
enterprises and promoting corporate environmental and financial per-
formance (Ahmed et al., 2023; Passaro et al., 2023; Segarra-Ona et al.,
2016; Sun et al., 2023; Xu et al., 2023; Zhai et al., 2024). Green inno-
vation as a development strategy enables corporations to develop
products and markets in environmentally sustainable ways, which helps
them adopt green innovation technologies to gain competitive advan-
tages in the market. Moreover, green innovation can promote the for-
mation of new sustainable consumption patterns in the market, promote
the formation of corporations focused on sustainable production
methods, facilitate industrial upgrading, and provide momentum to
achieve carbon neutrality. Green innovation reduces the damage to the
ecological environment while fostering economic development,
conserving natural resources, improving resource allocation efficiency,
and achieving truly green development. However, because green inno-
vation is generally characterized by high risk, long research and devel-
opment (R&D) cycles, and high uncertainty (Del Rio et al.,, 2010),
corporations often lack the motivation and resources to pursue green
innovation. Engaging in green innovation activities not only imposes
greater demands on the production factors of enterprises based on their
development strategies and using internal and external knowledge (Arfi
et al., 2018; Muscio et al., 2017) while effectively expanding market
resources, but also requires the joint efforts of multiple organizations to
create value together to meet the needs of enterprises engaged in green
innovation activities.

Environmental, Social, and Governance (ESG) connects various
stakeholders such as governments, corporations, and investors by inte-
grating the concept of sustainable development into corporate strategy
formulation and the framework for investors’ decision-making. The goal
is to drive corporate social responsibility through stakeholder invest-
ment behavior. This trend represents not only a shift in capital markets
but also a crucial pathway for companies to achieve sustainable devel-
opment. Emphasis on corporate sustainability closely aligns with the
principles of green innovation. As of the first half of 2023, the number of
institutions participating in the Principles for Responsible Investment
(PRI) supported by the United Nations reached 5,372. Since 2011, more
than 1,200 ESG-related regulations have been implemented. In June
2023, the International Sustainability Standards Board (ISSB) officially
released the IFRS Sustainability Disclosure Standard 1—General Re-
quirements for Disclosure of Sustainability-related Financial Information and
IFRS Sustainability Disclosure Standard 2—Climate-related Disclosures,
marking the launch of the first set of global ESG reporting standards.
ESG is becoming an increasingly important standard of participation in
global capital markets. This development encourages companies to
disclose more comprehensive and in-depth ESG information, thereby
enhancing corporate transparency and credibility. An increasing num-
ber of companies include ESG information in their sustainability reports,
demonstrating their social responsibility towards stakeholders. This
trend is expected to affect the relationship between companies and
stakeholders, which in turn may affect corporate green innovation.
Previous research has primarily focused on the impact of ESG infor-
mation disclosure on corporate value, financing constraints, and
corporate risk (Atif & Ali, 2021; Pedersen et al., 2021; Yu & Van Luu,
2021). However, few studies have addressed the relationship between
ESG information disclosure and corporate green innovation in emerging
economies, and detailed analyses of the internal mechanisms remain
insufficient. The mechanism through which ESG information disclosure
promotes corporate green innovation requires urgent investigation. As
an emerging market, China faces certain gaps in environmental pro-
tection practices, social responsibility fulfillment, and labor income
distribution compared to developed countries (Zhang et al., 2023c). In
addition, the regulatory mechanisms for corporate green innovation in
China are still under development. Therefore, this study focused on the
actual situation in Chinese companies and explored whether ESG in-
formation disclosure can promote corporate green innovation. It further
incorporated financing constraints and analyst attention into the
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research framework to supplement the existing literature and assist
companies in achieving high-quality green transformation.

Green innovation has gradually become an important part of
corporate sustainable strategic decision-making, and scholars have
focused their research on ESG information disclosure and corporate
green innovation. ESG information disclosure can increase the propor-
tion of substantive green innovation within enterprises, optimize the
structure of green innovation (Zhang et al., 2024b), improve both the
quality and quantity of green innovation (Tan & Zhu, 2022) and pro-
mote corporate sustainable development (Chen et al., 2023). Using data
from 37 countries between 1990 and 2019 and applying the panel
fixed-effects quantile regression method, Long et al. (2023) found that
ESG information disclosure significantly promotes green innovation.
Using data from the UK and Germany, Chouaibi et al. (2022) confirmed
that ESG information disclosure promotes green innovation, thereby
influencing corporate financial performance. However, Cohen, using
data from U.S. energy companies, explored the inverse relationship
between ESG information disclosure and corporate green innovation. It
can be seen that the current research presents both a positive promoting
relationship and a negative impact relationship between ESG informa-
tion disclosure and corporate green innovation, and the research con-
clusions are inconsistent.

Existing studies have mainly focused on the impact of ESG infor-
mation disclosure on green innovation at the national macro level, or
relied on micro-level corporate data from developed countries to
examine the role of ESG information disclosure on green innovation.
Compared to developed countries, emerging countries have less devel-
oped sustainable information disclosure systems and insufficient
market-driven motivations for green innovation. However, research on
how ESG information disclosure affects corporate green innovation in
emerging countries is lacking. Zheng et al. (2023) discovered a bidi-
rectional synergistic relationship between ESG information disclosure
and corporate green innovation. However, the impact and mechanisms
of ESG information disclosure on corporate green innovation in
emerging countries remain unclear. Therefore, it is necessary to study
how ESG information disclosure affects corporate green innovation in
emerging countries and explore issues such as transmission mechanisms
and endogeneity between the two. This study contributes to the body of
research on ESG information disclosure and corporate green innovation
through an in-depth investigation, further enriching and expanding the
research in this field. Therefore, it is necessary to study how ESG in-
formation disclosure influences corporate green innovation in emerging
countries and explore the transmission mechanisms and endogeneity
issues between the two. This study contributes to the literature by
enriching and expanding research on ESG information disclosure and
corporate green innovation through an in-depth analysis.

As one of the world’s key emerging economies, China was the focus
of this study. We drew on data from A-share listed companies in China
from 2013 to 2022 to empirically explore the impact of ESG information
disclosure on corporate green innovation. Commonly used panel
regression models in existing research include random effects, two-way
fixed effects, and generalized method of moments (GMM) models. The
random-effects model addresses individual-level random variations but
requires the assumption that individual effects are uncorrelated with
explanatory variables, an assumption that is difficult to meet in this
study. The GMM model is more suitable for dynamic panel data, but
involves greater complexity. The two-way fixed effects model accounts
for fixed effects across both the individual and time dimensions, thereby
improving the model’s explanatory power. In this study, firms’ ESG
information disclosure and corporate green innovation are likely to be
influenced by unobservable factors that vary across individuals and
times. Therefore, the two-way fixed effects model is deemed most
appropriate for addressing these factors and enhancing the accuracy of
the empirical results. The findings indicate that high-quality ESG in-
formation disclosure can significantly promote corporate green inno-
vation. This conclusion remains robust after a series of robustness and
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endogeneity tests. The mechanism analysis reveals that ESG information
disclosure affects corporate green innovation through financing con-
straints and analysts’ attention. The heterogeneity analysis further
demonstrates that ESG information disclosure promotes corporate green
innovation more significantly among state-owned enterprises, firms in
the Eastern region, and firms in non-heavily polluting industries.

The contributions of this study are as follows: (1) It expands research
on the impact of ESG information disclosure on corporate green inno-
vation. Most prior studies on ESG information disclosure have focused
primarily on its effects on corporate value, financial performance, and
other related aspects. Much of the existing literature has examined how
external factors influence corporate green innovation. However, few
studies have integrated ESG information disclosure with corporate green
innovation. This study explored the impact of ESG information disclo-
sure on corporate green innovation from the perspective of internal
corporate strategy, drawing on relevant classical theories, such as
stakeholder theory and sustainable development. This enriches the
literature on the economic consequences of ESG information disclosure
and the factors driving corporate green innovation. (2) It enhances
research sample diversity. Previous studies on the impact of ESG infor-
mation disclosure on corporate green innovation have often focused on
macro-level national data or relied on samples from developed coun-
tries, with limited attention paid to emerging economies. Using data
from China, an emerging market, this study demonstrated how ESG
information disclosure promotes corporate green innovation, thus
broadening the scope of the research samples. (3) It explores trans-
mission mechanisms between ESG information disclosure and corporate
green innovation. This study investigated transmission mechanisms
through two key channels—financing constraints and analysts’ con-
cerns—shedding light on the dynamic relationships between these fac-
tors and corporate green innovation. (4) It provides practical insights
into the heterogeneous effects of ESG information disclosure. This study
examined the varying impacts of ESG information disclosure on corpo-
rate green innovation across various dimensions including property
rights, regional disparities, and industry attributes. These findings
enrich research perspectives and offer targeted policy recommendations
for corporations to enhance their green innovation capabilities and
achieve sustainable transformation.

Hypothesis development
ESG information disclosure and corporate green innovation

Neoclassical economics states that environmental regulation reduces
firms’ resource waste and environmentally harmful behaviors, but
crowds out firms’ R&D investment, thereby reducing their competi-
tiveness (Palmer et al., 1995; Petroni et al., 2019). In contrast, the Porter
hypothesis argues that environmental regulation positively impacts
firms’ innovative activities, not only avoiding crowding out R&D in-
vestment but also improving firms’ performance and mitigating the
environmental costs incurred in production (Porter & Linde, 1995; Zhao
et al., 2023). Both theories suggest that environmental pressures influ-
ence firms’ production and innovation activities, which, in turn, affect
their economic efficiency and cost-effectiveness. Green innovation dif-
fers from traditional production innovation. It focuses on financial
benefits while simultaneously emphasizing the creation of environ-
mental benefits, aiming to achieve sustainable development through
corporate green innovation. Scholars have primarily explored the
impact of external regulations on corporate green innovation from the
perspective of environmental policy (Zhang et al., 2023a; 2024a). In
contrast, this study investigated the impact of ESG information disclo-
sure on corporate green innovation from the perspective of internal
strategy as well as the mechanism through which the two interact.

Stakeholder theory advocates that enterprises should consider not
only the rights and interests of shareholders, but also those of other
stakeholders, balancing the demands of various interest groups to
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achieve business goals. Signaling theory suggests that due to informa-
tion asymmetry, investors have limited information at their disposal,
which makes them demand higher returns, potentially raising the firm’s
cost of capital. Therefore, by disclosing relevant information such as
operating conditions, financial performance, and development plans,
firms send positive signals to attract investor attention, thereby reducing
their capital costs and achieving desired outcomes. From the perspec-
tives of stakeholder and signaling theories, enterprises that actively
disclose ESG information can promote corporate green innovation. First,
as a strategic investment, ESG optimizes resource allocation and boosts
R&D investment. Firms are better positioned to leverage new technol-
ogies such as networked digital systems to enhance their competitive
advantage (Duan & Li, 2023). Through ESG information disclosure,
enterprises communicate their performance in ESG areas to stake-
holders, increasing transparency across multiple dimensions and miti-
gating information asymmetry between enterprises and stakeholders.
Moreover, to meet the demands of different stakeholders, corporate
decision-making considers the comprehensive interests of multiple
parties (Moffitt et al., 2024), leading to greater investments in green
innovation and the development of systematic, actionable green inno-
vation strategies. Public awareness of environmental protection is
increasing, with consumers placing greater emphasis on whether en-
terprises operate in an environmentally friendly manner (Li et al., 2016)
and demanding the incorporation of environmental factors into pro-
duction processes (Jabeen et al., 2024). ESG information disclosure is
not only recognized by third-party authoritative institutions but also
reflects government endorsement of CSR investment results, while
simultaneously addressing consumer expectations. Consequently, robust
ESG information disclosure enables enterprises to establish a favorable
image in the minds of consumers, thereby enhancing brand value.
Companies prioritize product quality and increase green innovation in
both products and processes to meet consumer demands and maintain a
positive social reputation (Zhang & Zhu, 2019). On the other hand,
comprehensive ESG information disclosure improves corporate trans-
parency, satisfying investors’ need for risk mitigation (Drempetic et al.,
2020) and easing financing pressures. Increased transparency provides
firms with more resources to support green innovation activities
(Castillo, 2015; Houston & Shan, 2022; Ross, 1977). In summary, ESG
information disclosure not only addresses the diverse interests of
stakeholders but also motivates companies to proactively engage in
green innovation. Enterprises with comprehensive ESG disclosure are
better equipped to enhance their public image, gain consumer trust, and
foster customer loyalty. This loyalty strengthens cash flow stability and
provides a solid foundation for sustained green corporate innovation.
Second, ESG information disclosure helps mitigate the dual exter-
nalities of the corporate green innovation process. Double externalities
comprise technological and environmental components (Rennings &
Rammer, 2011; Sun et al., 2020; Wang et al., 2017). Green innovation
outcomes create positive externalities through technological spillovers
that may reduce corporations’ incentives for green innovation (Zheng
et al., 2021) and hinder the development of corporate green innovation.
Effective ESG information disclosure facilitates deeper interactions with
external parties and establishes a more comprehensive and robust in-
formation exchange network. This enhances corporations’ access to
green innovation knowledge, improves green innovation efficiency, and
enables them to gain a sustainable competitive advantage. Additionally,
ESG disclosure enhances corporate transparency, attracts greater analyst
attention, and strengthens external oversight, thereby boosting firms’
green innovation capacity and alleviating the challenges posed by
technological spillovers. However, environmental spillovers inevitably
generate negative societal impacts, with pollution control costs
burdening enterprises, diminishing investor confidence and discour-
aging green innovation. By contrast, high-quality ESG disclosure allows
stakeholders to recognize firms’ positive contributions to social re-
sponsibility, thus addressing public pressure arising from stakeholders’
social contract expectations (Atif & Ali, 2021; Reber et al., 2022). By
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fostering strong partnerships, corporations can secure a stable supply of
the resources necessary for green innovation (Anwar & Malik, 2020).
Therefore, ESG information disclosure is crucial for addressing the
double externality of green innovation and serves as a continuous driver
of corporate green innovation efforts.

Finally, ESG information disclosure facilitates the transformation of
corporate green innovation results and enables companies to gain
differentiated competitive advantages in the market. For corporate
green innovation, R&D investment is often limited by the efficiency of
innovation outcomes, whereas the motivation and stability of R&D
personnel remain key factors in promoting the transformation of green
innovation into real productivity. A company’s high ESG information
disclosure level reflects a stronger commitment to sustainable develop-
ment. This signals employees’ awareness of green development, en-
hances their environmental awareness (Liao, 2024), and encourages
them to engage in eco-friendly behaviors (Jabeen et al., 2024), thereby
fostering greater enthusiasm for corporate green innovation. Moreover,
high-quality ESG information disclosure demonstrates that a company
values employees’ rights and interests, which can boost their loyalty (Du
et al., 2011) and attract talented R&D professionals. This influx of
expertise increases a company’s intellectual capital (Kuzior, 2022;
Trzeciak et al., 2022), further driving green innovation. Additionally,
companies can provide employees with a high-quality working envi-
ronment and fair promotion standards, which strengthen employee
retention, reduce the loss of high-precision talent, stimulate the inno-
vative enthusiasm of R&D personnel (Chang et al., 2015), foster a pos-
itive cultural environment, and comprehensively enhance their ability
to promote green corporate innovation. The selection of R&D projects is
also a key factor in determining whether green innovation can be suc-
cessfully implemented. Previous studies have shown that the success
rate of R&D project selection depends on how much information is
incorporated into decision-making (Meade & Presley, 2002). ESG in-
formation disclosure can help management identify corporate weak-
nesses and facilitate continuous improvement. It also highlights projects
with potential for future development, guiding companies to allocate
their limited resources more efficiently to enhance the transformation of
corporate green innovation results. Based on the above analysis, Hy-
pothesis 1 was proposed:

H1: Good ESG information disclosure can promote corporate green
innovation.

The mechanism of ESG information disclosure’s impact on corporate green
innovation

(1) ESG information disclosure, financing constraints, and corporate
green innovation

Information asymmetry theory posits that information asymmetry
often exists between internal and external firms . This is mainly because
green innovation projects are usually characterized by long R&D cycles,
high risk, and uncertainty. These attributes exacerbate the information
asymmetry between internal and external investors. The complexity and
riskiness of corporate green innovation intensify this asymmetry,
resulting in enterprises encountering higher financing costs and
financing constraints when seeking external financing. Corporate green
innovation requires a large capital investment (Jiao et al., 2020), and
capital is a key factor affecting green innovation (Huang et al., 2019).
ESG information disclosure, such as non-financial information
(Drempetic et al., 2020; He et al., 2019), complements financial
disclosure by filling the gaps that financial information does not cover.
Therefore, ESG information disclosure can serve as an effective infor-
mation pathway, helping financial institutions understand firms with
strong sustainability capabilities (King & Levine, 1993; Ahmed et al.,
2018), thus reducing the degree of information asymmetry between
firms and creditors. Firms that adopt such practices differentiate
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themselves from their competitors, secure favorable green credit facil-
ities, and alleviate financing constraints. ESG information disclosure
also generates a reputational effect, which positively affects a firm’s
financial performance. Firms with better ESG practices experience lower
capital costs, which ultimately enhance dividend payouts (Ellili, 2022).
Institutional investors also prefer firms with high levels of ESG disclo-
sure to mitigate adverse selection (Cornell, 2021). These advantages
help to reduce financing costs (Goss & Roberts, 2011; Kim et al., 2019;
Wong et al., 2021). According to the signaling theory, companies with
high ESG information disclosure levels pay more attention to sustainable
development capabilities such as environmental protection, social re-
sponsibility, and internal governance than companies with low ESG
disclosure levels. This sends a positive signal to the capital market and
establishes a good corporate image (Limkriangkrai et al., 2017), which
helps gain the trust and support of stakeholders (Dacko-Pikiewicz, 2019;
Khan et al., 2022). Such trust improves a firm’s reputation and lowers
the perceived risk faced by creditors and investors, thereby attracting
the attention of potential investors (Kim & Li, 2021). This improved trust
also lowers investors’ expected rates of return (Albarrak et al., 2019;
Azmi et al., 2021), facilitating access to external financing at reduced
costs (Cheng et al., 2014; Dhaliwal et al., 2012; Eliwa et al., 2021) and
further easing financing constraints (Tang, 2022).

Schumpeter’s innovation theory posits that the difficulty in securing
funds is a key factor affecting innovation activities in enterprises.
Existing research shows that compared with traditional innovation,
corporate green innovation is characterized by large investments, long
cycles, high risks, and difficulties in assessment (Jiao et al., 2020). In-
vestors often face information disadvantages and a lengthy investment
process makes it challenging for them to evaluate a project’s investment
value, resulting in enterprises struggling with financing constraints. This
constraint limits R&D investment and innovation. According to the
theory of financing constraints, when enterprises rely on external
financing to secure funds, they may encounter higher financing con-
straints and abandon high-risk projects even if such projects enhance
firm value. Directing enterprise funds toward environmental protection
and sustainable development is essential for overcoming the challenges
of path dependence, double externalities, and other obstacles to green
innovation. This approach helps minimize the negative impact of
financing constraints on corporate green innovation. Based on the above
analysis, enterprises reduce the degree of information asymmetry
through effective ESG information disclosure, which helps alleviate
financing constraints by improving transparency and attracting more
resources (Gao et al., 2016; Sun et al., 2022). When enterprises secure
long-term stable funds, their willingness to engage in innovation in-
creases (Xu & Xu, 2012), thereby promoting corporate green innovation
and fostering a virtuous development cycle. Accordingly, Hypothesis 2
was proposed:

H2: Good ESG information disclosure can alleviate financing con-
straints, thereby promoting corporate green innovation.

(2) ESG information disclosure, analyst attention, and corporate
green innovation

Analysts, as crucial information intermediaries in the capital market
(Healy & Palepu, 2001; Tsang et al., 2024) and important external
watchdogs (Yu, 2008), are drawn to publicly disclosed information on
target firms. In recent years, the concept of sustainable development has
gained increasing prominence, prompting a growing number of in-
vestors to focus not only on corporate financial information but also on
ESG information disclosure within their investment decision frame-
works (Amel-Zadeh & Serafeim, 2018; Murata & Hamori, 2021). Some
professional investors place less emphasis on financial performance and
choose to invest at a premium in firms that excel in social responsibility
(Riedl & Smeets, 2017). To meet these investor demands, analysts tend
to focus on companies with higher levels of ESG information disclosure
(loannou & Serafeim, 2015). Moreover, high-quality ESG information
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disclosure reflects enhanced internal governance, increased information
transparency, and reduced costs for analysts to access relevant data,
further attracting analysts’ attention (Baldini et al., 2018; Li et al.,
2022). Companies that demonstrate strong ESG performance are often
perceived as having greater enterprise value and lower investment risk,
thereby sending positive signals to capital markets. For analysts, prof-
itability and growth potential are of paramount concern, and firms that
exhibit strengths in ESG information disclosure are more likely to attract
their attention. Analyst attention exerts both informational and super-
visory effects on enterprises by fostering corporate green innovation.

Drawing on the information revelation hypothesis from the per-
spectives of information asymmetry theory and principal-agent theory,
two challenges emerge. On the one hand, the complexity and specialized
nature of green innovation projects exacerbates information asymmetry,
making it difficult for investors, who often lack the necessary expertise,
to recognize the potential investment value of these activities. This, in
turn, leads to resource shortages for corporate green innovation efforts.
On the other hand, green innovation typically requires an extended time
horizon to yield benefits (Jiao et al., 2020), and the presence of internal
information asymmetry makes it difficult for management to provide
owners with clear and accurate valuations of these efforts. However,
analysts possess the expertise to publish reports that effectively
communicate the value of corporate green innovation to stakeholders,
helping to mitigate information asymmetry between corporations and
the market. Furthermore, analysts’ extensive experience enables them to
detect fraudulent information disclosure practices, influence corporate
reputation, and guide investors’ decisions. Analysts’ ability to access
comprehensive information also allows them to assess the intrinsic value
of corporate green innovation more accurately, helping owners better
understand these activities and reducing the principal-agent problem.
Finally, analyst attention serves as external oversight, curbing short-
sighted behavior by corporate management (Su et al., 2016) and
incentivizing management to pursue innovation, ultimately enhancing
the corporate green innovation level. Based on the above analysis, Hy-
pothesis 3 was proposed:

H3: Good ESG information disclosure can attract more analyst
attention, thereby promoting corporate green innovation.

Based on the above discussion, this study presented a hypothetical

framework, as shown in Fig. 1, to support the core arguments of this
study.

Research design
Data and sample

We selected A-share listed companies in China from 2013 to 2022 as
our sample. ESG information disclosure was measured using the ESG
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index published by Sino-Securities Index Information Service
(Shanghai) Co. Ltd. (SSIIS). The SSIIS began conducting ESG ratings in
2013, and its coverage is now extended to all A-share-listed companies
in China. The index is constructed by referencing international best
practices while considering the characteristics of China’s capital market
and earning broad recognition from both industry and academia (Lin
et al., 2021). ESG data were sourced from the WIND financial database,
whereas financial information was obtained from the China Stock
Market and Accounting Research (CSMAR) database. In China, the
WIND and CSMAR are the two most widely used financial databases.
Data on corporate green innovation were primarily collected from the
China Research Data Services (CNRDS) platform, which draws inspira-
tion from leading platforms such as Wharton Research Data Services,
providing a high-quality, open, and platform-based dataset for research
in economics, finance, and business in China.

Additionally, to ensure the reliability of the research data and avoid
the impact of outliers on the research results, this study conducted the
following treatments on the initial research sample collected: (1)
Exclusion of special treatment (ST) and ST enterprises: Enterprises
classified as ST or *ST are in financial distress, with financial perfor-
mance significantly differing from other firms, which could introduce
uncertainty into the research findings. Therefore, this study excluded
listed enterprises with ST and *ST status. (2) Exclusion of financial
sector firms: The financial industry has distinctive characteristics, with
accounting standards and business operations differing significantly
from those of non-financial institutions. Consequently, this study
excluded companies listed in the financial sector. (3) Removal of sam-
ples with missing data: Samples with missing values for key and control
variables were excluded to ensure data completeness. (4) Winsorization
to address outliers: To account for outlier interference in the sample, all
continuous variables were winsorized at the top and bottom 1%. After
these treatments, the final dataset consisted of 9,400 sample observa-
tions. Excel and Stata 17 were used for data processing and empirical
analyses.

Key variables
(1) Dependent variable

Green Innovation (GI). Current academic research on innovative
technologies predominantly measures innovation from both input and
output perspectives (Lanoie et al., 2011; Adhikari & Agrawal, 2016; He
& Tian, 2013; Zhang et al., 2023b). Given the high uncertainty and
lengthy R&D cycles associated with green innovation, relying on input
indicators alone may lead to an overestimation of the level of corporate
green innovation, with the risk of superficial reporting. Moreover, R&D
inputs reflect only the financial resources allocated to innovation ac-
tivities, and do not necessarily capture the actual outcomes of green
innovation. To accurately evaluate the effectiveness of corporate green

Direct — - - -
-{ Stakeholder theory | effect -|0pt1m1ze resource allocation and increase R&D m\'estment|
+ Information asymmetry theory | HI1 H Mitigating green innovation double externalities |

Esﬁiﬁgg?gwn —«l Sustainable development theory | -+ The promotion of the conversion of corporate green | Coir!;::;i;eﬁ%fen
L Signaling theory | _m_l Financing constraints ]
Supervisory effect

-{ Principal-agent theory | _.‘ﬁ]_l Analyst attention

Tndirect Information effect

effect

Fig. 1. Hypothetical framework
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innovation, this study adopted an output-based approach, focusing on
actual results to measure firms’ green innovation levels. Drawing on
Zhang et al. (2019) and Wang et al. (2022), this study used the sum of
green invention and green utility patent applications to measure the
level of green innovation. There were three main reasons for this. First,
patents serve as one of the most effective ways to reflect the innovation
achievements of enterprises, conveying their innovation efforts to the
market. Second, compared with patent applications, patent grants
involve time lags and uncertainties and are susceptible to external fac-
tors such as the preferences of patent agencies. Third, patented tech-
nology can be implemented during the application process, potentially
influencing the enterprise performance. Given these considerations,
selecting the number of green patent applications as a key indicator of
corporate green innovation is critical. As the annual distribution of
green patent applications is right-skewed, the natural logarithm of the
original value (after adding 1) was used to ensure the accuracy and
reliability of the data.

(2) Independent variable

ESG Information Disclosure: In this study, we referred to related
research by Lin et al. (2021) and used the ESG ratings published by SSIIS
to measure enterprises’ ESG information disclosure. These ratings were
based on data from corporate social responsibility reports, sustainability
reports, periodic and interim reports, and information provided by
government agencies, news media, and other sources. The ESG rating
system draws on established ESG rating frameworks and adapts them to
the specific characteristics of China’s capital markets. SSIIS’s ESG rat-
ings are meticulously categorized into three primary areas: environ-
mental, social, and governance. They encompass 14 themes, 26 key
indicators, and over 130 sub-indicators, providing a comprehensive
coverage of China’s A-share listed companies. This assessment frame-
work ensured data continuity and accessibility. Accordingly, this study
adopted SSIIS ESG ratings as the primary measure of ESG information
disclosure to enhance the scientific validity and reliability of the
empirical results. Additionally, the findings of this study contribute to
improving the ESG evaluation system and offer empirical support for
future research.

(3) Control variables

Drawing on relevant studies (Zhang et al., 2020; Wu et al., 2024),
this study focused on factors in corporate operations and governance
that are closely related to corporate green innovation when selecting
control variables. (1) Firm size (Size). As corporate green innovation is
characterized by high investment and risk, it requires sufficient capital
investment and human resource support throughout the innovation
process. Larger firms generally possess more abundant resources and
stronger risk-bearing capacity, both of which play crucial roles in
facilitating corporate green innovation. (2) Leverage ratio (Lev). The
leverage ratio reflects a firm’s solvency. While moderate financial
leverage can compensate for a shortage of funds, a high leverage ratio
signals poor financial health, exposing the firm to heavy debt repayment
pressure, weakening its investment capacity and making it difficult to
maintain stable and adequate funding for green innovation activities. (3)
Firm growth (Growth). Firm growth significantly influences corporate
green innovation. Firms with higher growth tend to adopt more
advanced development concepts, possess greater technological capa-
bilities, and maintain richer talent reserves, all of which encourage them
to explore projects with high potential. (4) Return on assets (ROA).
Profitability is a key indicator of a company’s financial strength. Firms
with high profitability typically have sufficient capital, making them
more capable of engaging in high-risk, high-return green innovation
activities. (5) Cash ratio (Cash). This ratio reflects the adequacy of a
firm’s disposable cash flow. Firms with higher cash ratios are better
positioned to meet the substantial capital demand for green innovation,
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thereby providing solid financial support for these activities. (6)
Ownership concentration (Topl). Concentration of ownership reflects
the stability of a firm’s governance structure, which helps mitigate the
principal-agent problem and enables firms to focus more on green
innovation, thereby enhancing sustainable development. However,
excessive ownership concentration may result in shareholder domi-
nance, whereby large shareholders prioritize self-interest at the expense
of a firm’s long-term development, potentially undermining green
innovation investment. (7) Auditor affiliation with a Big 4 Firm (Big 4).
Auditors with extensive professional experience can significantly influ-
ence corporate green innovation. Therefore, this study controlled for
whether a firm’s auditor is a Big 4. (8) Year and firm fixed effects. Given
that corporate green innovation strategies may vary significantly across
years and firms, this study controlled for both year and firm fixed effects.

(4) Intermediary variable

Financing constraints. Currently, the measurement of financing
constraints has not yet formed a unified standard, and the measurement
indices widely accepted by scholars include Kaplan and Zingales (1997)
KZ index, White and Wu (2006) WW index. However, these constructed
indices share a common shortcoming in that they incorporate financial
variables with endogenous characteristics, such as cash flow and total
assets, which are susceptible to endogeneity and affect the robustness of
the research results. Therefore, we adopted Hadlock and Pierce’s (2010)
SA index to measure financing constraints. The SA index consists of two
strongly exogenous indicators, namely the number of years since listing
and the size of the firm, which help mitigate the endogeneity problem
and reduce the influence of subjective factors to a certain extent.
Moreover, this index aligns well with the characteristics of China’s
capital market and has been widely used in academic research. The
specific calculation method was as follows: This study employed the
absolute value of the SA index as a metric, with a higher absolute value
indicating that enterprises face greater financing constraints.

Analyst Attention. This study drew on studies such as Lin et al.
(2014), who suggested that analyst attention can be measured by the
number of tracking analyses conducted in a year. When analysts publish
rating reports through a team, their attention is counted as one. For
example, if 20 analysts from 20 brokerage firms issued 50 rating reports
on the China BG Group in 2022, they were treated as 20 analysts
following the China BG Group regardless of the total number of reports
issued or analysts involved. To reduce the magnitude of the data and
ensure data smoothness, the number of analysts plus one was used to
calculate the natural logarithm to measure analysts’ attention in the
subsequent empirical analysis. The main variables and measurements
selected for this study are presented in the Appendix.

Model design

This study used panel data on A-share listed companies from 2013 to
2022. To test Hypothesis 1 (i.e., the effect of ESG information disclosure
on corporate green innovation), a two-way fixed effects model was
constructed, as shown in Model (1):

Gl = By + pLESGi, + p;Controls;, + Z Year + ZFirm + i (€9)]

In Model (1), i denotes different enterprises, and t denotes the year.
The independent variable ESG;, is ESG information disclosure, depen-
dent variable GI;, is corporate green innovation, Controls;, is the control
variable, Year denotes the control year, and Firm denotes the control
individual. In Model (1), if it is significantly positive, it means that good
ESG information disclosure can effectively promote corporate green
innovation; that is, it verifies Hypothesis 1.

To test Hypothesis 2 (i.e., to verify whether financing constraints
play a mediating role in the relationship between ESG information
disclosure and corporate green innovation), this study adopted the
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stepwise regression method proposed by Baron and Kenny (1986) and
constructed a model of the mediating effect based on Model (1). The
specific model forms are expressed in Egs. (2) and (3). Among them, FC;,
is the financing constraint, and the other variables are consistent with
previous studies.

FCi¢ = ao + a1 ESG;; + a;Controls;, + Z Year + ZFirm + & 2)

Gl = yo + 11ESGi; + 1,FCi, + y;Controls;, + Z Year + ZFirm + €ip
3)

To test Hypothesis 3, that is, to verify whether analysts’ concerns
play a mediating role in ESG information disclosure and corporate green
innovation, and then combine this with Model (1) to construct the
mediation effect model, the specific models are shown in (4) and (5),
where Analyst;, is analyst concern, and other variables are consistent
with the previous paper.

Analyst;; = 8o + 61ESG;; + 6;Controls;; + Z Year + Z Firm + ¢;, 4

Gl;; = pg + u,ESGi¢ + pu, Analyst;, + ijontrolsi,t + Z Year + ZFI’Jm
+ €ir
%)

Empirical results
Descriptive statistics

Table 1 presents the descriptive statistics for the main variables used
in the model established in this paper. The mean value of the sample of
corporate green innovation (GI) was 1.198, with a minimum of 0 and a
maximum of 6.931, indicating a relatively low overall level. Further-
more, green innovation levels varied significantly among the different
sample firms. The median was 0.693, which was smaller than the mean,
indicating that a significant proportion of sample firms still have ample
room for development when adopting green strategies. The mean value
of ESG information disclosure was 4.262, with a median of 4, suggesting
that the sample firms generally achieved a moderate level of ESG in-
formation disclosure. However, the minimum value of ESG information
disclosure was 1 and the maximum was 7.500, indicating that ESG
disclosure scores vary widely and that firms assign different levels of
importance to ESG disclosure. The mean value of financing constraints
(FC) was 3.850, with a minimum of 3.184 and maximum of 4.460,
highlighting the significant differences in financing constraints across
sample firms. The mean value of analyst attention (Analyst) was 1.553,
with a minimum of 0 and maximum of 4.331, suggesting significant
variation in analyst attention across firms. In addition, the analyst
attention data exhibited a right-skewed distribution. To address uneven
data distribution and prevent missing sample data, this study trans-
formed the analyst attention measure by taking the natural logarithm
after adding one to the original value.

Table 1

Descriptive statistics.
Variables Observations Mean P50 SD Min Max
GI 9400 1.198 0.693 1.315 0 6.931
ESG 9400 4.262 4.000 1.050 1 7.500
Analyst 9400 1.553 1.609 1.201 0 4.331
FC 9400 3.850 3.855 0.247 3.184 4.460
Size 9400 22.52 22.34 1.278 19.93 26.32
Lev 9400 0.401 0.394 0.192 0.047 0.903
Growth 9400 0.125 0.081 0.220 -0.317 1.546
ROA 9400 0.039 0.036 0.057 -0.264 0.204
Cash 9400 0.813 0.364 1.386 0.019 9.862
Topl 9400 33.33 30.84 14.36 1.840 88.55
Big 4 9400 0.076 0 0.265 0 1
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Among the control variables, the mean enterprise size was 22.52,
with a minimum value of 19.93 and a maximum value of 26.32. This
indicates that the total assets of the sample enterprises varied consid-
erably. To mitigate the estimation errors caused by this asset disparity,
total assets were logarithmized. The mean Lev was 0.401 and the me-
dian was 0.394, suggesting that the overall leverage level of the sample
enterprises is moderate. Growth reflected the growth capability of the
sample enterprises, with a mean value of 0.125, a minimum value of
-0.317, and a maximum value of 1.546, indicating that the sample en-
terprises possess good development potential, although their growth
capacity varies significantly. Return on Assets (ROA) represents the
profitability of the sample enterprises. The mean ROA was 0.039, with a
minimum of -0.264 and a maximum of 0.204, suggesting that the dataset
included enterprises experiencing losses or revenue declines and that
there was significant variability in profitability among them. The mean
Cash was 0.813, with a minimum of 0.019 and a maximum of 9.862,
highlighting a substantial gap in the cash flow held by the sample en-
terprises. The mean Topl was 33.33%, with a minimum of 1.84% and
maximum of 88.55%, indicating considerable variation in equity con-
centration across firms. Lastly, Big 4 had a mean value of 0.076, with a
minimum of 0 and a maximum of 1, showing that 7.6% of the sample
firms are audited by one of the Big 4 international accounting firms.

Baseline test

Table 2 presents the regression results of the impact of ESG infor-
mation disclosure on firms’ green innovation. As Column (1) of Table 2
shows, the coefficient of ESG information disclosure on corporate green
innovation was 0.048, which was statistically significant at the 1% level.
This suggests that good ESG information disclosure promotes corporate
green innovation. Specifically, higher ESG ratings issued by the SSIIS
can increase the number of corporate green patent applications, thereby
confirming the validity of Hypothesis 1. The underlying reason for these
results is that effective ESG information disclosure enables enterprises to
showcase their positive efforts toward environmental protection, social
responsibility, and corporate governance. Such disclosures communi-
cate the firm’s values and strategic goals to stakeholders, thereby
enhancing its reputation and business credit. When an enterprise
actively discloses ESG information, stakeholders, such as investors,
creditors, customers, employees, and communities, are more inclined to

Table 2
Baseline test.
Variables (€]
GI
ESG 0.048%**
(4.66)
Size 0.445%%*
(18.78)
Lev -0.200%*
(-2.28)
Growth -0.098%**
(-2.64)
ROA -0.307*
(-1.84)
Cash 0.008
(1.08)
Topl -0.002*
(-1.72)
Big 4 0.190%**
(2.58)
Constant -9.068%**
(-17.80)
Firm YES
Year YES
Observations 9400
R-squared 0.194

t-statistics in parentheses, *** p<0.01, ** p<0.05, *
p<0.1
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trust and support the firm, which in turn promotes sustainable devel-
opment. Through effective ESG disclosures, enterprises can highlight the
long-term value and potential benefits of green innovation activities,
making it easier to obtain financial support. ESG information disclosure
also sends positive external signals, encouraging creditors to lend funds
to enterprises, ultimately reducing their debt capital costs and allevi-
ating financing constraints. On the other hand, the alignment between
ESG development goals and corporate green development strategies
further demonstrates that enterprises with proactive ESG disclosure
exhibit greater willingness and ability for green innovation. Such en-
terprises are better positioned to gain competitive advantages, attract
high-caliber technological talent, retain employees, and foster positive
and innovative working environments. Therefore, effective ESG infor-
mation disclosure helps enterprises to leverage their achievements and
drive green innovation.

Among the control variables, size was positively correlated with
enterprise green innovation and was statistically significant at the 1%
level. This indicates that larger enterprises have greater capital re-
sources, enabling more investment in R&D, and fostering green inno-
vation. Lev was significantly negatively correlated with enterprises’
green innovation, exerting an inhibitory effect at the 5% significance
level. This finding suggests that enterprises with high financial leverage
face heavier debt costs and risks, leaving insufficient funds for green
innovation activities, hindering their development. Topl had a signifi-
cant negative correlation with green innovation. This implies that when
equity is less concentrated, principal-agent problems among major and
minor shareholders, management, and investors are mitigated, which
discourages short-sighted behavior and enhances corporate sustain-
ability, thereby promoting green innovation. Big4 was significantly
positively correlated with green innovation and statistically significant
at the 1% level. This finding indicates that higher audit quality improves
corporate transparency and reputation, which, in turn, facilitates
corporate green innovation.

Robustness tests
(1) Changing the measurement of the independent variable

Drawing on Yu et al. (2018), this study used Bloomberg ESG scores to
remeasure corporate ESG information disclosure. The Bloomberg ESG
score ranges from O to 100 and this evaluation system covers a wide
range of qualitative and quantitative indicators that comprehensively
reflect the overall situation of enterprises. This scoring system has been
widely used in the existing literature, and its validity has been verified.
Therefore, it can be used as a proxy for the dependent variable ESG
information disclosure. The sample was re-analyzed by regression,
replacing the original independent variable. Column (1) of Table 3
presents the regression results using the Bloomberg ESG score as the
dependent variable. After replacing the independent variables, the co-
efficient of ESG information disclosure and corporate green innovation
was 0.006, and both passed the 5% significance level. This indicates
that, even after replacing the independent variables, ESG information
disclosure alleviates information asymmetry between firms and stake-
holders, enhances positive signals to the outside world, and significantly
promotes corporate green innovation. The regression results are
consistent with the benchmark regression results above, further con-
firming the positive impact of ESG information disclosure on corporate
green innovation and the robustness and reliability of the main effect
results.

(2) Changing the measurement of the dependent variable

According to previous studies, the difficulty and requirements for
invention patent applications are relatively high, and they are more
capable of demonstrating enterprises’ levels of innovation than utility
patents, which are substantial innovations. Similarly, the number of
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Table 3
Robustness tests.
m ) 3 (€3]
Variables GI GI1 GI2 GI
ESG 0.006**
(2.37)
ESG 0.051%** 0.103*** 0.063***
(5.57) (7.349) (5.05)
Size 0.453%** 0.342%** 0.166%** 0.301%**
(11.24) (16.30) (5.10) (9.60)
Lev -0.556%** -0.062 -0.053 -0.114
(-3.47) (-0.80) (-0.44) (-0.96)
Growth -0.232%** -0.123%** -0.035 -0.015
(-3.62) (-3.76) (-0.69) (-0.31)
ROA 0.338 -0.081 -0.176 -0.269
(1.09) (-0.55) (-0.77) (-1.25)
Cash -0.008 0.006 0.026** 0.005
(-0.47) (0.92) (2.47) (0.42)
Topl -0.006%** -0.002* -0.004** -0.005%***
(-2.86) (-1.88) (-2.00) (-2.90)
Big 4 0.100 0.208%*** 0.120 0.286%**
(1.09) (3.19) (1.19) (3.26)
Constant -8.896%** -7.125%%* -3.683*** -5.253***
(-9.97) (-15.77) (-5.27) (-7.75)
Firm YES YES YES YES
Year YES YES YES YES
Observations 4164 9400 9400 5647
R-squared 0.251 0.144 0.058 0.180

green invention patent applications represents corporate green innova-
tion development through green transformation, thereby promoting
corporate green innovation. In this study, we used the natural logarithm
of the number of invention-based green patent applications plus one to
re-measure the level of corporate green innovation and re-regress the
sample. Column (2) of Table 3 reports the regression results with
invention-based green patent applications as the dependent variable.
After replacing the dependent variable, the coefficient of ESG informa-
tion disclosure and corporate green innovation was 0.051, significant at
the 1% level. Additionally, as the number of green innovation applica-
tions is an absolute indicator, it measures the level of corporate green
innovation output. To make the test results more robust, this study
adopted the ratio of the number of green patent applications to R&D
investment, and then took the natural logarithm as a measure of
corporate green innovation indicators from the perspective of green
innovation efficiency. The larger the ratio, the stronger the corporate
green innovation ability. The sample was regressed after replacing the
original dependent variables. Column (3) of Table 3 reports the
regression results for the dependent variable, measured from the
perspective of green innovation efficiency. The coefficient of ESG in-
formation disclosure and corporate green innovation was 0.103, sig-
nificant at the 1% level. The above results showed that after replacing
the dependent variable indicators, good ESG information disclosure can
still enhance the trust of stakeholders, such as creditors, investors, and
consumers; alleviate the financing constraints of enterprises; attract
more analysts to pay attention to the enterprise; exert the supervisory
and informational effects of analysts; and play a significant role in the
promotion of corporate green innovation. The regression results were
consistent with the above regression results, further proving the reli-
ability and robustness of the main effects regression results.

(3) Elimination of zero values

As some corporate green innovations have not been carried out,
there are no green innovation patent applications. To eliminate the
interference of this part of the value, we excluded enterprises with zero
green patent applications during the sample period and conducted a
regression analysis to further enhance the robustness of the regression
results. The regression results are shown in Column (4) of Table 3, where
the coefficient of ESG information disclosure and corporate green
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innovation was 0.063, which was significant at the 1% level. These re-
sults showed that after excluding enterprises with zero green innovation
applications in the sample, ESG information disclosure can still help
enterprises obtain innovation information, improve innovation effi-
ciency, mitigate the double externality in the process of green innova-
tion, and significantly promote enterprises’ green innovation.

Endogeneity test
(1) Instrumental variable approach

Given the research on the relationship between ESG information
disclosure and corporate green innovation, endogeneity issues, such as
omitted variables, may exist. This study used a two-stage instrumental
variable regression to mitigate this endogenous effect. Specifically, the
average ESG value of other firms in the same industry in the same year
was chosen as the instrumental variable in this study. The rationale for
this variable selection is that the ESG information disclosure of other
firms in the same industry in the same year can reflect the level of ESG
practices in the entire industry, which in turn may affect the ESG in-
formation disclosure decision of this firm and thus has a strong corre-
lation. Simultaneously, this instrumental variable was not directly
related to the corporate green innovation activities of this enterprise,
thus ensuring its exogenous nature. Therefore, this study selected the
average ESG value of other enterprises in the same industry in the same
year as an instrumental variable and used it to conduct a regression test
to improve the robustness and validity of the research results.

The regression results are shown in Table 4. Column (1) presents the
results of the first-stage regression using the average ESG value of other
firms in the same industry in the same year as an instrumental variable.
This result showed that the coefficient between the average ESG value of
other firms in the same industry in the same year and ESG information
disclosure was 0.337, which was significantly positive at the 1% level.
This finding indicates a significant effect of the average ESG value of
other firms in the same industry in the same year on ESG information
disclosure in the current period, further validating the relevance of the
instrumental variables. In addition, the Cragg-Donald Wald F-statistic
was 75.939, which was significantly greater than the F critical value at
the 10% confidence level. This indicated that the instrumental variables
selected in this study were not weak. The results of the second-stage
regression are presented in Column (2) of Table 4. After eliminating
potential endogeneity issues that may exist, the coefficient of ESG in-
formation disclosure and corporate green innovation was 0.275, sig-
nificant at the 1% level. Based on the above results, it can be seen that
after mitigating the endogeneity problem through instrumental vari-
ables, high-quality ESG information disclosure still exerts a signaling
effect, shapes a positive image of the firm, and at the same time attracts
more R&D personnel, which has a significant positive impact on
corporate green innovation.

(2) Propensity score matching

To address the possible endogeneity problem caused by sample self-

Table 4

Instrumental variable approach.
Variables 1) 2)

ESG GI

ESG-mean 0.337 *** (6.41)
ESG 0.275*** (2.03)
Controls Yes Yes
Cragg-Donald Wald F 75.939
Firm Yes Yes
Year Yes Yes
Observations 9389 9389

R-squared

Journal of Innovation & Knowledge 9 (2024) 100628

selection, this study mitigated this problem using the propensity score
matching (PSM) method. Specifically, the median ESG information
disclosure of the sample firms was used as the critical value to construct
the experimental and control groups; those larger than the critical value
were assigned a value of 1, and those smaller than the critical value were
assigned a value of 0. Size, LEV, Growth, ROA, Cash, Topl, and Big 4
were used as covariates for matching. The results are shown in Table 5.
The regression coefficient of ESG information disclosure was 0.052,
which was significantly positive at the 1% level. These results showed
that after mitigating the endogeneity problem arising from sample self-
selection through the PSM method, ESG information disclosure can still
mitigate information asymmetry between internal and external enter-
prises, reduce the cost of corporate financing, enhance the external
image of enterprises, and promote corporate green innovation.

Future analyses and tests
Mechanism analysis
(1) Financing constraints

After the main effects regression, the transmission mechanism of
financing constraints was tested. The regression results in Column (2) of
Table 6 show that the correlation coefficient between corporate ESG
information disclosure and financing constraints was -0.005, which was
significantly negative at the 1% level, indicating that good ESG infor-
mation disclosure by corporations helps alleviate corporate financing
constraints. The regression results in Column (3) of Table 6 show that
after introducing the mediating variable of financing constraints in
Column (1) of the main regression, the coefficient of ESG information
disclosure was 0.037 and was significant at the 1% level, and the coef-
ficient of financing constraints on corporate green innovation was
-2.160, which was significant at the 1% level. The adjusted goodness-of-
fit R? increased from 0.194 to 0.210, which indicates that the model’s
overall regression effect was better. Therefore, according to the stepwise
regression method, both corporate ESG information disclosure and
financing constraints significantly affect corporate green innovation,
with financing constraints playing a partial mediating role in the posi-
tive effect of ESG information disclosure on corporate green innovation,
which verifies Hypothesis 2. Corporations actively undertake ESG re-
sponsibility to alleviate financing constraints and provide resources for
green innovation, which, in turn, improves the level of corporate green
innovation.

Good ESG information disclosure can significantly reduce informa-
tion asymmetry between the enterprise and various stakeholders, thus
enhancing the investment efficiency of the enterprise. For enterprises,
good ESG information disclosure not only conveys to the outside world
its commitment to sustainable and high-quality development but also
attracts the attention and support of investors, governments, and in-
stitutions, optimizing the financing environment and easing the
financing pressure of enterprises. Investors are more inclined to invest in
enterprises with broad development prospects and transparent infor-
mation disclosures. Therefore, to win investors’ trust and long-term
investments, enterprises should be more motivated to strengthen ESG

Table 5
Propensity score matching.
Variables (€8]
GI
ESG 0.052%**
(3.41)
Controls Yes
Firm YES
Year YES
Observations 4,714
R-squared 0.169
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Table 6 Table 8
The transmission mechanism of financing constraints. The transmission mechanism of analyst attention.

Variables 1) 2 3) Variables ) 2) 3
GI FC GI GI Analyst GI

ESG 0.048%** -0.005%** 0.037%** ESG 0.047%** 0.073%** 0.044**
(4.66) (-7.13) (3.68) (4.66) (7.08) (4.29)

FC -2.160%** Analyst 0.052%**

(-13.16) (4.77)

Size 0.445%** -0.012%** 0.419%** Size 0.445%** 0.525%** 0.417%***
(18.78) (-7.62) (17.81) (18.78) (22.09) (17.16)

Lev -0.200** 0.014** -0.169* Lev -0.200%* -0.630%** -0.167*
(-2.28) (2.51) (-1.95) (-2.28) (-7.16) (-1.91)

Growth -0.098%** 0.015%** -0.064* Growth -0.098%** 0.262%%* -0.111%%*
(-2.64) (6.38) (-1.75) (-2.64) (7.07) (-3.01)

ROA -0.307* -0.008 -0.325%* ROA -0.307* 3.377%%* -0.481%**
(-1.84) (-0.75) (-1.96) (-1.84) (20.15) (-2.82)

Cash 0.008 -0.007*** -0.008 Cash 0.008 0.018** 0.007
(1.08) (-14.57) (-0.98) (1.08) (2.39) (0.96)

Topl -0.002* -0.001 *** -0.004%** Topl -0.002* -0.003** -0.002
(-1.72) (-6.94) (-2.72) (-1.72) (-2.50) (-1.59)

Big 4 0.190%** -0.014%** 0.159** Big 4 0.190%** 0.101 0.185%*
(2.58) (-2.98) (2.18) (2.58) (1.37) (2.51)

Constant -9.068%** 3.977%*** -0.479 Constant -9.068*** -10.003*** -8.551%**
(-17.80) (118.91) (-0.58) (-17.80) (-19.57) (-16.44)

Firm YES YES YES Firm YES YES YES

Year YES YES YES Year YES YES YES

Observations 9,400 9,400 9,400 Observations 9,400 9,400 9,400

R-squared 0.194 0.876 0.210 R-squared 0.194 0.224 0.196

Sobel Z 2.235%* Sobel Z 5.438%**

information disclosure and continuously improve their corporate green
innovation levels. Good ESG information disclosure can reduce infor-
mation asymmetry inside and outside the enterprise, obtain more sup-
port from stakeholders, reduce financing pressure, obtain resource
support, and improve corporate green innovation levels.

To ensure the accuracy of the research conclusions and further verify
the reliability of the mediation effect, this study employed the Sobel test
and Bootstrap method for reexamination. As shown in Table 6, the re-
sults of the Sobel test indicated a Z-statistic of 2.235, which was statis-
tically significant at the 5% level. The Bootstrap test results presented in
Table 7 show that the 95% bias-corrected confidence interval for the
indirect effect was (0.0004532, 0.0035143), and for the direct effect, it
was (0.094469, 0.141745), with no interval including zero. Both
methods confirm the validity and robustness of the transmission
mechanism of financing constraints. Good ESG information disclosure
not only directly enhances corporate green innovation but also indi-
rectly influences it by alleviating financing constraints, indicating that
financing constraints play a mediating role between ESG information
disclosure and green innovation.

(2) Analyst attention

After the main effects regression, the transmission mechanism of
analyst attention was tested. The regression results in Column (2) of
Table 8 show that the correlation coefficient between firms’ ESG in-
formation disclosure and analyst attention was 0.073 and significant at
the 1% level, indicating that firms’ good ESG information disclosure
attracts more analyst attention. The regression results in Column (3) of
Table 8 show that after introducing the mediating variable of analyst
attention in Column (1) of the main regression, the correlation coeffi-
cient of ESG information disclosure was 0.044, which was significant at

Table 7
Bootstrap test of the mediation effect of financing constraints.

Effect Bootstrap standard Confidence interval
value error (95%)
Indirect 0.00175 0.00079316 0.000453 0.003514
effect
Direct effect 0.118351 0.01171255 0.094469 0.141745

10

the 1% level; the correlation coefficient of analyst attention to green
innovation was 0.052, which was significant at the 1% level; and the
adjusted goodness-of-fit R? increased from 0.194 to 0.196, indicating
that the model’s overall regression effect was better. The results indicate
that ESG information disclosure and analyst attention significantly
affect green innovation; good ESG information disclosure attracts more
analyst attention, and analyst attention has a partial mediating role
between ESG information disclosure and corporate green innovation,
which verifies Hypothesis 3.

The specific reason is that, on the one hand, when investors make
decisions, they not only pay attention to the disclosure of corporate
financial information but also incorporate ESG information disclosure
into the investment decision framework. Good ESG information disclo-
sure is a positive signal to the outside world, which shows the
commitment and actual action of the enterprise to ESG responsibilities;
such disclosure can attract more analyst attention. As professional
financial and industry analysts, their attention enhances information
transparency and liquidity, which is conducive to transferring infor-
mation to disadvantaged stakeholders, thereby alleviating the problem
of information asymmetry. On the other hand, analyst attention makes
companies more transparent and standardized in terms of ESG infor-
mation disclosure. Analysts, as professional third-party monitors,
monitor and evaluate the business behaviors and decisions of enterprises
by digging deeper and analyzing their ESG information disclosure. Such
monitoring and assessment will prompt enterprises to pay more atten-
tion to core issues, such as environmental protection, social re-
sponsibility, and corporate governance, thus motivating them to
continuously improve their green innovation capability and realize
sustainable development. It can be seen that good ESG information
disclosure can attract more analysts’ attention, and analysts’ attention
will have an information and monitoring effect on the corporate, pro-
moting the corporate green innovation level.

Similarly, to ensure the accuracy of the findings, this study utilized
the Sobel and Bootstrap tests for the mediation effect retest. As shown in
Table 8, the Sobel test results indicated a Z-statistic of 5.438, which was
statistically significant at the 1% level. The Bootstrap test results pre-
sented in Table 9 show that the 95% bias-corrected confidence interval
for the indirect effect was (0.005664, 0.011399) and that for the direct
effect was (0.088826, 0.132643), with no interval including zero. Both
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Table 9
Bootstrap test of the mediation effect of analyst attention.

Effect Bootstrap standard Confidence interval
value error (95%)
Indirect 0.008235 0.00150116 0.005664 0.011399
effect
Direct effect 0.111866 0.01129436 0.088826 0.132642

methods confirmed the validity and robustness of the transmission
mechanisms of analysts’ attention. Good ESG information disclosure not
only enhances corporate green innovation directly but also indirectly
influences corporate green innovation by attracting more analysts,
indicating that analyst attention plays a mediating role between ESG
information disclosure and green innovation.

Heterogeneity analysis
(1) Nature of property rights

Considering that there may be differences in the relationship be-
tween ESG information disclosure and corporate green innovation
among corporations with different ownership backgrounds, this study
classified the sample corporations into state-owned and non-state-
owned enterprises based on the nature of their ownership and used
dummy variables to make the distinction, where 1 represents state-
owned enterprises and O represents non-state-owned enterprises.
Table 10 presents the regression results for the effect of heterogeneity
such as property rights on the relationship between ESG information
disclosure and green innovation. Column (1) shows the results of the
analysis for state-owned enterprises, and Column (2) shows the results of
the analysis for non-state-owned enterprises. The subgroup regression
results show that state-owned and non-state-owned enterprises pre-
sented different characteristics in the relationship between ESG infor-
mation disclosure and green innovation. ESG information disclosure by
state-owned enterprises significantly promoted corporate green inno-
vation at the 1% level, with an estimated coefficient of 0.056. ESG in-
formation on non-state-owned enterprises significantly promoted
corporate green innovation at the 10% level, with an estimated coeffi-
cient of 0.021.

Specific reasons for the analysis: First, state-owned enterprises, by
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their special status, must participate in market competition and accept
the state’s macro-control. Therefore, while pursuing economic benefits,
state-owned enterprises have greatly increased their emphasis on social
benefits. Against the background of carbon neutrality, state-owned en-
terprises (SOEs) are actively improving their ESG information disclosure
to achieve the country’s overall economic goals. SOEs regard green
innovation as an important means of realizing sustainable development
and have invested large amounts of resources in R&D. Meanwhile, non-
state-owned enterprises consider profit maximization their primary goal
and focus more on short-term projects that can quickly bring economic
gains. Due to its high input and high-risk nature, corporate green
innovation has received relatively little attention from non-state-owned
enterprises. By contrast, the close political ties between SOEs and local
governments make their top managers more susceptible to the influence
of the political market when making decisions, and they tend to choose
projects that can enhance political interests while ignoring economic
benefits. This factor promotes the development of green innovation
activities by SOEs and their integration into the core corporate strategy.
Additionally, the state-owned attributes of SOEs make it easier for them
to receive government subsidies, tax incentives, and investor support,
thereby promoting green corporate innovation. Although the promotion
of corporate green innovation by non-state-owned enterprises assuming
ESG responsibilities is not significant, good ESG information disclosure
still helps enhance corporate image and alleviate financing constraints,
thus stimulating their motivation to improve economic efficiency and
green innovation.

(2) Region

In China, economic development status, policy environment, and
leading industries differ in the eastern, western, and central regions, and
the effects of corporate ESG information disclosure on corporate green
innovation differ for companies located in different regions. In this
study, the sample firms were divided into three regions—eastern, west-
ern, and central-according to the provinces and municipalities where
they are registered. Table 11 reports the results of the regional hetero-
geneity analysis. Column (1) shows the effects of corporate ESG infor-
mation disclosure on corporate green innovation among firms in the
eastern region. Column (2) presents the impact of corporate ESG infor-
mation disclosure on green innovation for corporations in the western
region. Column (3) shows the effect of corporate ESG information

Table 10 Table 11
Analysis of heterogeneity like property rights. Analysis of heterogeneity in the region.
Variables (@8] (@3] Variables (€8] 2 (€))
State-owned Non-state-owned Eastern Western Central
GI GI GI GI GI
ESG 0.056%** 0.021* ESG 0.052%** 0.039 0.019
(3.25) (1.66) (4.27) (1.57) (0.66)
Size 0.450%** 0.484%** Size 0.422%%* 0.563%** 0.174%**
(10.39) (16.54) (15.26) (9.41) (2.73)
Lev -0.117 -0.124 Lev -0.301%** 0.005 -0.108
(-0.72) (-1.17) (-2.80) (0.02) (-0.51)
Growth -0.122 -0.126%** Growth -0.113%** -0.152* 0.060
(-1.57) (-2.97) (-2.63) (-1.66) (0.50)
ROA 0.129 -0.663%** ROA -0.188 -0.560 -0.846
(0.37) (-3.46) (-0.97) (-1.32) (-1.60)
Cash 0.002 0.004 Cash 0.009 0.013 -0.022
(0.11) (0.44) (0.98) (0.57) (-0.98)
Topl -0.008*** -0.000 Topl -0.005%** 0.004 -0.000
(-3.78) (-0.01) (-3.06) (1.38) (-0.12)
Big 4 0.147 0.376%** Big 4 0.213** 0.120 -0.244
(1.43) (3.40) (2.22) (0.83) (-1.17)
Constant -0.034*** -0.879%** Constant -8.887%** -11.982%** -3.036%*
(-9.60) (-15.90) (-14.18) (-9.43) (-2.21)
Observations 3,703 5,697 Firm YES YES YES
Firm YES YES Year YES YES YES
Year YES YES Observations 6594 1661 1145
R-squared 0.240 0.179 R-squared 0.196 0.212 0.156
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disclosure on green corporate innovation in the central region. Ac-
cording to the group regression results, ESG information disclosure by
enterprises in the east significantly promoted corporate green innova-
tion at the 1% level, and the estimated coefficient of the two was 0.052,
while ESG information disclosure by enterprises in the west and center
did not significantly promote corporate green innovation.

Specific reason for the analysis: The eastern region is experiencing
rapid economic development, and industrial development focuses on
high-tech fields, including energy saving, environmental protection,
medical research, and new materials. In these fields, corporate green
innovation and ESG concepts are increasingly emphasized, reflecting
their emphasis on sustainable development and social responsibility.
Simultaneously, the eastern region has a perfect market mechanism and
policy environment, and the government’s support for green innovation
is relatively strong. As a result, corporations in the eastern region ach-
ieved higher performance in green innovation through good ESG in-
formation disclosure. At the center, the manufacturing industry is more
advanced and includes traditional machinery, mining, and smelting.
Although new energy and other industries have gradually developed in
Central China in recent years, the industrial structure of the region re-
mains dominated by manufacturing. Although the western region is rich
in mineral resources and clean energy, such as wind and solar energy,
these resources have not been fully developed and utilized. Simulta-
neously, the western region still faces challenges in enhancing its green
innovation capacity and lacks efficient methods. The limited number of
local enterprises engaged in green innovation R&D, attributable in part
to abundant energy reserves and low labor costs, has led to a traditional
development model that is still dominant and has a relatively slow pace
of transformation, with corporations often preferring to improve effi-
ciency by reducing costs rather than carrying out green innovation.
Additionally, the western region suffers from a shortage of human re-
sources and backward economic development. This has led to the more
common phenomenon of brain drain, which further inhibits enthusiasm
for green innovation. Therefore, the promotion of corporate green
innovation through ESG information disclosure by enterprises located in
the western and central regions is not significant.

(3) Heavily polluting industry

Considering that the effect of ESG information disclosure on corpo-
rate green innovation may differ across industries, this study distin-
guished the degree of pollution among enterprises. We drew on related
research to classify 15 types of industries, such as coal mining and
washing and oil and gas development, as heavy polluting industry en-
terprises and other industry enterprises as non-heavily polluting in-
dustry enterprises. Distinctions were made with dummy variables 0 and
1, where 1 represents heavily polluting industry firms and 0 represents
non-heavily polluting industry firms. Table 12 reports the results of the
industry heterogeneity analysis. Column (1) shows the effect of ESG
information disclosure on corporate green innovation for firms in heavy-
polluting industries, and Column (2) shows the effect of ESG information
disclosure on corporate green innovation for firms that are not in heavy-
polluting industries. According to the group regression results, ESG in-
formation disclosure by firms in non-heavily polluting industries
significantly promoted corporate green innovation at the 1% level, and
the estimated coefficient of the two was 0.052. The ESG information
disclosure by firms in heavily polluting industries significantly pro-
moted corporate green innovation only at the 10% level, with an esti-
mated coefficient of 0.037.

Specific reasons are analyzed as follows: on the one hand, due to the
factor of industry attributes, the business of enterprises in heavily
polluting industries often involves a large amount of environmental
damage and resource depletion, and will face greater institutional con-
straints. Enterprises in these industries need to invest more in enhancing
the quality of ESG information disclosure by disclosing more informa-
tion to demonstrate their commitment and actions toward
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Table 12
Analysis of heterogeneity in the industry.
Variables @ 2
Heavily polluting industry Non-heavily polluting industry
GI GI
ESG 0.037* 0.052%**
(1.88) (4.30)
Size 0.564** 0.421 %%+
(11.16) (15.21)
Lev -0.926%** 0.079
(-5.27) 0.77)
Growth -0.156* -0.082**
(-1.73) (-2.01)
ROA 0.178 -0.472%*
(0.50) (-2.47)
Cash 0.009 0.013
(0.42) (1.56)
Topl -0.000 -0.002
(-0.19) (-1.35)
Big4 -0.192 0.278%**
(-1.22) (3.36)
Constant -11.583%*** -8.629%**
(-10.68) (-14.42)
Firm YES YES
Year YES YES
Observations 2,330 7,070
R-squared 0.205 0.197
Number of ids 252 722

environmental protection and sustainable development. By contrast,
firms in non-heavily polluting industries face less pressure. At the same
time, enterprises in non-heavily polluting industries pay more attention
to environmental protection and sustainable development and can
establish a better corporate image. Therefore, when non-heavily
polluting enterprises disclose good ESG information, they accumulate
better reputation and receive more support from social resources.
Compared with corporations in heavily polluting industries, those in
non-heavily polluting industries face less financial pressure for green
innovation. Thus, ESG information disclosure by corporations in non-
heavily polluting industries has a more significant impact on corporate
green innovation. On the other hand, good ESG information disclosure
can reflect the governance level and transparency of enterprises. For
enterprises in non-heavily polluting industries, their lower reliance on
the environment makes them more dependent on good corporate
governance and transparency to build trust and maintain competitive
advantage. Therefore, the role of ESG information disclosure in pro-
moting corporate green innovation may be more significant for firms in
non-heavily polluting industries.

Discussion

Horbach (2008) found that when firms face stricter environmental
regulation, institutional pressure increases correspondingly, stimulating
greater attention to green innovation activities. Van Leeuwen and
Mohnen (2017) noted that environmental regulation policies are not
conducive to corporate green innovation. This is mainly because envi-
ronmental regulation increases costs for enterprises, leading firms to
reduce their investment in green innovation R&D. Simultaneously,
increased concern about environmental quality exerts a restraining ef-
fect on enterprises’ production and sales, thereby hindering corporate
green innovation. Other scholars believe that the relationship between
the two is non-linear. Most previous studies have focused on the impact
of external regulations such as environmental policies on corporate
green innovation from an external regulatory perspective. This study
investigated the impact of ESG information disclosure on corporate
green innovation and the mechanisms underlying their relationship
from the perspective of internal strategies. Chouaibi et al. (2022)
confirmed that ESG ratings have a significant reinforcing effect on green
innovation using data from the United Kingdom and Germany and that



L. Ruan et al.

this effect is more pronounced in non-state-owned and non-heavily
polluting firms. Long et al. (2023) used data from 37 countries
covering 1990 to 2019 and found that ESG significantly promoted green
innovation through a panel fixed-effects quantile regression model.
Some scholars have proposed opposing viewpoints. Cohen et al. (2020)
used data from US energy companies to identify an inverse relationship
between ESG ratings and corporate green innovation. Relatively few
studies have examined the relationship between ESG information
disclosure and corporate green innovation in emerging countries. This
study explored the impact of ESG information disclosure on corporate
green innovation through the lens of stakeholder theory, sustainable
development theory, information asymmetry theory, signaling theory,
and principal-agent theory, using relevant data from China. Addition-
ally, this study investigated the transmission channels of ESG informa-
tion disclosure on corporate green innovation from two perspectives:
financing constraints and analyst attention. It also examined the het-
erogeneous impact of ESG information disclosure on corporate green
innovation from the perspective of property rights, regional differences,
and industry attributes, thereby enriching research on the relationship
between ESG information disclosure and corporate green innovation.

Conclusions

With the global push toward net-zero emissions, corporate green
innovation has become an inevitable path to sustainable development.
ESG information disclosure reflects a corporation’s concrete perfor-
mance in the ESG dimensions, aiming to build a positive public image
and strengthen trust among investors and consumers. Furthermore, ESG
information disclosure plays a critical role in promoting proactive
corporate social responsibility, advancing green innovation initiatives,
and facilitating corporate transformation and upgrades. To this end,
based on the data of Chinese A-share listed companies from 2013 to
2022, this paper explored the mechanism by which ESG information
disclosure influences corporate green innovation within the frameworks
of stakeholder theory, sustainable development theory, information
asymmetry theory, signaling theory, and principal-agent theory. We also
examined the heterogeneity of this effect across three dimensions:
corporate ownership, region, and industry. The study arrived at the
following conclusions through theoretical derivation and empirical
validation: (1) High-quality ESG information disclosure promotes
corporate green innovation. (2) The mechanism analysis reveals that
ESG information disclosure helps alleviate corporate financing con-
straints and attracts more analyst attention, thereby fostering corporate
green innovation. (3) The heterogeneity analysis demonstrates that ESG
information disclosure has a stronger positive impact on corporate green
innovation among state-owned enterprises, firms in the eastern region,
and companies operating in less-polluting industries. This study has
significant practical value for enhancing enterprises’ competitiveness
and sustainable development. In the context of global climate change
and China’s policy landscape, corporations actively advocate embracing
the principles of sustainable development, optimizing their production
and operational models, and fostering green innovation. These findings
indicate that ESG information disclosure can mitigate the challenges of
double externalities and agency costs associated with green innovation
to some extent. This provides a practical foundation for encouraging
enterprises to enhance their ESG information disclosure, thereby facil-
itating green development and driving sustainable economic
transformation.

This study had several limitations. First, owing to the relatively late
development of ESG in China, a unified standard for measuring ESG
information disclosure has not yet been established. Most research in-
stitutions and scholars rely on the ESG ratings provided by the SSIIS to
assess the quality of ESG information disclosure among Chinese firms.
Although these ratings incorporate China’s national conditions, they
remain nonquantitative and somewhat subjective, potentially leading to
a one-sided evaluation. Therefore, future research should work towards
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refining the methods for measuring corporate ESG information disclo-
sure. Second, the mechanism analysis in this study requires further
investigation. While we explored the impact of ESG information
disclosure on corporate green innovation through financing constraints
and analyst concerns, other underlying mechanisms may also play a
role. Future research could use interdisciplinary approaches to investi-
gate ESG information disclosure’s broader influence on green corporate
innovation. Third, the effects of ESG information disclosure on corporate
innovation may vary significantly, depending on firm size. Future
studies could examine this heterogeneity in greater detail by analyzing
the differential impacts across firms of varying scales.

Based on these conclusions, the paper makes the following policy
recommendations:

For enterprises: On the one hand, we should actively practice ESG
development concepts, standardize ESG information disclosure and risk
management systems, and improve the quality of ESG information
disclosure. On the other hand, we should cultivate and introduce green
talent and incentivize employees to participate in green innovation ac-
tivities. In addition, green innovation and cooperation with other cor-
porations, research institutions, or the government should jointly
promote green innovation projects and improve the efficiency and
conversion rate of green innovation.

For the government: On the one hand, we should improve ESG in-
formation disclosure and evaluation systems. We should strengthen the
supervision of ESG information disclosure and establish a set of scientific
ESG evaluation systems. On the other hand, to promote the development
of the green financial market, relevant policies can be formulated to
encourage financial institutions to participate in the green financial
market and provide incentives such as tax concessions and financial
subsidies to provide more financial support for green innovation pro-
jects and alleviate financing constraints.

For analysts: On the one hand, the mastery of specialized knowledge
should be deepened to maintain professionalism and enhance sensitivity
to market dynamics to provide market investors with correct informa-
tion guidance. However, digging deeper into non-financial information
effectively alleviates information asymmetry among stakeholders and
strengthens public supervision. This helps to reduce the occurrence of
principal-agent problems such as management shortsightedness, curb
corporate “greenwashing” behavior, and ensure that the positive impact
of ESG information disclosure on corporate green innovation can be
smoothly realized.

In terms of property rights, state-owned enterprises should continue
to play a leading role, whereas non-state-owned enterprises should
consider the comprehensive benefits of ESG and closely follow policy
guidelines. In recent years, China’s eastern regions have achieved
remarkable results in terms of ESG information disclosure and green
development levels, and companies should consolidate and expand their
advantages. In the central and western regions of China, where green
innovation is relatively weak, the government should provide more
support and incentivize local corporations to strengthen ESG informa-
tion disclosure and accelerate their transition to green innovation. In
terms of industries, enterprises in non-high-pollution industries should
commit to improving the quality of ESG information disclosure in their
production and operation processes and use this as an important way to
promote the improvement of green innovation capabilities. Enterprises
in high-pollution industries must steadily promote green transformation
and upgrading, and the government should provide certain policy in-
clinations and financial support to assist enterprises in high-pollution
industries to realize green and sustainable development.
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Appendix. Definition and measurement of key variable
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Conceptualization.

Variable Measurement Methods

name

Variable type

Dependent variable  GI

The number of green patent applications plus one takes the natural logarithm.

The ratio of difference between total assets at the end of the current period and total assets at the end of the previous period to total assets at

Independent ESG The ESG rating of Hua Zheng
variable
Independent FC The absolute value of the enterprise SA index
variable Analyst The number of analyst followers plus 1 takes the natural logarithm.
Control variables Size The total assets are taken as a natural logarithm
Lev The ratio of total liabilities to total assets
Growth
the end of the previous period
ROA The ratio of net profit to total assets
Cash The ratio of cash and cash equivalent assets to current liabilities
Topl The shareholding ratio of the largest shareholder
Big 4 The auditor is from one of the big four international firms, assigned a value of 1, otherwise 0.
Year The annual dummy variables
Firm The individual dummy variables
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