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Abstract

Amid the ongoing global green transformation and the deepening implementation of the
“dual carbon” goals, the sustained enhancement of firms’ green innovation capabilities
is crucial for driving high-quality development. This study utilizes panel data from A-
share listed companies spanning the period from 2013 to 2023, and conducts an empirical
analysis to examine how ESG performance influences firms” sustained green innovation
and its underlying effects and mechanisms. The results reveal that ESG performance
exert a statistically significant positive effect on firms’ sustained green innovation. This
finding remains robust across a range of robustness checks, including Heckman'’s two-step
method, propensity score matching (PSM), alternative ESG measures, models incorporating
lagged variables, and other checks. The mechanism analysis reveals that ESG performance
improves firms’ capacity to maintain green innovation and continuously accumulate its
outcomes by alleviating financing constraints and reducing operational risks. Government
subsidies and digitalization positively moderate the effect of ESG performance on firms’
sustained green innovation. Furthermore, the heterogeneity analysis demonstrates that the
promoting effect of ESG performance on sustained green innovation is more pronounced
among non-heavy-polluting firms, large-scale firms, and state-owned firms. The findings of
this study provide a theoretical foundation for firms to effectively integrate ESG resources
and further enhance sustained green innovation, and they also offer valuable insights into
how firms can build a sustainable innovation ecosystem.

Keywords: ESG performance; financing constraints; enterprise operational risks; government
subsidies; digitalization; sustained green innovation

1. Introduction

Promoting the green transformation of the development pattern is a global consensus
and a necessary approach to facilitating high-quality development. This is especially im-
portant given the profound changes in the current global economy and the increasingly
severe challenges of climate change. The report delivered at the 20th National Congress
of the Communist Party of China clearly underscores the necessity of “advancing green
and low-carbon economic and social development.” It also indicates the need to “coordi-
nate efforts to reduce carbon emissions, reduce pollution, expand greenery, and promote
growth”. Although the traditional development pattern, characterized by extensive in-
vestment in resource factors, generated remarkable economic growth in the past, it also
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gave rise to a range of issues, including resource inefficiency and environmental pollution.
In this context, shifting the economic growth path towards a new development pattern
that is green, low-carbon, and efficient is an inevitable choice to mitigate resource and
environmental constraints and support the achievement of high-quality economic develop-
ment. Given that firms are microeconomic entities and major sources of carbon emissions,
enhancing their green innovation capability is essential for achieving the “dual carbon”
target. Firms’ green innovation focuses on developing and adopting green technologies,
production processes, and managerial measures to minimize energy consumption and
pollutant emissions throughout business operations. These practices improve firms’ envi-
ronmental performance while creating new sources of competitive advantage. However,
green innovation is characterized by high risk, high upfront costs, and a focus on long-term
outcomes [1], which makes management more cautious in decision-making and renders
firms more vulnerable to financing constraints and operational challenges. As a result,
identifying the factors that drive sustained green innovation has become essential. This is
expected to effectively drive the transition toward a greener development pattern.

In recent years, the association between environmental, social, and governance (ESG)
performance and enterprise green innovation has attracted considerable attention in aca-
demic research. Existing studies have generally found that strong ESG performance con-
tributes to improved enterprise green innovation. ESG serves as a measure of a firm’s
sustainability performance [2]. Strong ESG performance conveys to society a firm’s efforts
in environmental and social responsibility, as well as in corporate governance, alleviates
information asymmetry, and attracts resources for innovation [3], thereby influencing
green innovation performance. Nevertheless, some studies have further investigated the
non-linear association between ESG performance and firms’ green innovation, revealing a
U-shaped pattern that is strengthened by greater information transparency [4]. Regarding
the mechanisms through which ESG performance affects green innovation, Zhang et al. [5]
found that financing constraints constitute a primary mechanism. From a supply chain
spillover perspective, customers” ESG performance enhances the quality of their suppliers’
green innovation [6]. Meanwhile, due to the short-board effect, ESG rating divergence can
increase the quantity of firms’ green innovation rather than improve its quality [7]. From an
external environmental perspective, ESG-oriented analysts can raise the expected returns
from corporate environmental risk management, reduce managerial short-termism and
financing costs, and promote green innovation [8]. From the perspective of firms’ internal
governance structure, shareholder activism positively moderates the promoting effect of
ESG performance on green innovation [9]. ESG performance reflects a firm’s promise to
sustainable development, and green innovation serves as a crucial element in achieving
sustainability goals.

Moreover, existing studies have demonstrated that firms’ innovation activities exhibit
persistence over time. Past innovation experience significantly affects current innovation
behavior, namely state dependence, and such true state dependence remains even after con-
trolling for unobserved firm heterogeneity [10]. Innovation persistence also demonstrates
heterogeneous patterns across industries. In high-technology industries, both the proba-
bility of innovation and innovation output intensity exhibit true persistence, whereas in
low-technology industries, innovation persistence mainly reflects spurious persistence [11].
Scholars have further extended the concept of innovation persistence to the field of eco-
innovation. Eco-innovation exhibits a high degree of continuity at the firm level. Past
eco-innovation activities are key to explaining a firm’s current eco-innovation orientation,
and path dependence exists within the eco-innovation domain [12]. Arranz et al. [13]
empirically confirmed the persistence of eco-innovation and conceptualized eco-innovation
as an innovation capability characterized by persistence, complementarity, and resource
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dependence. Green innovation also exhibits clear persistence and constitutes an important
part of firms’ green transformation [14]. By further examining the influence of ESG per-
formance on sustained green innovation, we can better reveal the underlying mechanism
linking ESG performance to firms’ long-term green transformation.

In summary, the effect of ESG performance on sustained green innovation manifests
not only through resource support but also through the establishment of a sustainable
innovation ecosystem coordinated both internally and externally. This ecosystem, in turn,
ensures the long-term continuity and dynamism of innovation activities. Existing studies
have mainly explained the influence of ESG performance on sustained green innovation
through the channels of alleviating financing constraints and reducing agency costs [15].
In fact, sustained green innovation, like green innovation in general, relies on substantial
resource investment. Simultaneously, innovation persistence requires long-term R&D
stability to produce persistent and stable innovators [16]. Stable business operations create
favorable conditions for continued engagement in green innovation activities. Hence,
further research is needed to clarify whether and through what mechanisms ESG perfor-
mance promotes sustained green innovation by mitigating operational risk. Moreover, with
growing policy support for sustainability and the rapid diffusion of digital technologies,
the boundary conditions under which ESG performance fosters sustained green innovation
remain unclear.

Accordingly, this study employed data from Chinese listed firms spanning 2013 to
2023 to empirically investigate the impact of ESG performance on firms’ sustained green
innovation, as well as the underlying mechanisms and boundary conditions through which
this influence operates. Compared with the existing literature, this paper offers several
potential marginal contributions. Firstly, this paper further extends the theoretical frame-
work explaining how ESG performance affects sustained green innovation. It incorporates
operational risk, a proxy for a firm’s operational stability, into the framework. From a risk
governance perspective, the paper reveals how ESG performance strengthens the continuity
of firms’ long-term green innovation activities by lowering operational uncertainty. In this
way, the paper expands the explanation of the mechanism through which ESG performance
drives sustained green innovation. Secondly, this study contributes to the literature by
examining the boundary conditions under which ESG performance promotes sustained
green innovation and by investigating its heterogeneous effects across different firm groups.
Specifically, by introducing government subsidies as a moderator, this study sheds light
on how external policy support shapes the relationship between ESG performance and
sustained green innovation. Moreover, the study examines whether this effect differs across
firms with varying pollution intensities, sizes, and ownership structures. Taken together,
these analyses offer a deeper understanding of the boundary conditions under which ESG
performance fosters sustained green innovation. Thirdly, the conclusions of this study carry
important practical significance for advancing firms’ green and sustainable development.
In the context of China’s “dual carbon” goals, these findings enrich the empirical evidence
on how ESG performance fosters sustained green innovation. They also provide valuable
insights for policymakers seeking to strengthen ESG incentive mechanisms and support the
coordinated advancement of green innovation and high-quality corporate development.

2. Theoretical Analysis and Research Hypotheses

Against the global transition toward sustainable development and China’s pursuit of
its “dual carbon” goals, green and low-carbon transformation now constitutes a key avenue
for firms to bolster their competitive edge. Whether a firm can sustain its green innovation
activities over time is a key issue in this transition process. Figure 1 presents the conceptual
framework underlying the relationship between ESG performance and sustained green
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innovation. The theoretical mechanisms and research hypotheses are developed in the
following sections. The framework specifies financing constraints and operational risk
as two mediating channels, while government subsidies and digitalization moderate the
direct impact of ESG performance on sustained green innovation.

H2: Mediation Effect of Financing Constraints
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Figure 1. Theoretical Mechanism by which ESG Performance Promotes Sustained Green Innovation.

2.1. ESG Performance and Sustained Green Innovation of Enterprises

From a theoretical perspective, green innovation and sustained green innovation
should be clearly distinguished before formulating the research hypotheses. Sustained
green innovation differs from static green innovation in that it focuses not only on the scale
and growth of a firm’s green innovation output, but also on the temporal continuity of green
innovation activities, the dynamic accumulation of innovation outcomes, and the long-term
evolution of such activities. Existing studies have provided theoretical explanations for
why firms’ innovation behavior exhibits persistence. First, the “success—breeds—success”
assumption [17] suggests that firms” innovation choices exhibit structural state depen-
dence [16]. This explains the temporal continuity of firms’ innovation behavior. Second, the
accumulation of technological capabilities supports future innovation. Through learning ef-
fects, a firm'’s past innovation activities generate a knowledge stock, which in turn serves as
an important foundation for subsequent green innovation [10]. This promotes the sustained
accumulation and dynamic growth of green innovation outcomes over time. Moreover,
sunk costs create exit barriers that lead firms to continue their R&D activities once they have
begun [18]. Finally, the formation of sustained green innovation is closely related to a firm’s
dynamic capabilities. Dynamic capabilities refer to a firm’s ability to integrate, build, and
reconfigure resources to adapt to changing external environments [19]. Stronger dynamic
capabilities enable firms to continuously integrate internal and external resources, hence
enhancing their capacity for organizational learning, knowledge absorption, and resource
coordination. In this way, the knowledge stock and technological accumulation generated
by prior green innovation activities can continuously support subsequent green technology
R&D and upgrading, contributing to the sustained growth and dynamic evolution of green
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innovation outcomes. These theories help explain how ESG performance affects sustained
green innovation as well as the mechanisms underlying this relationship.

The essence of ESG practice lies in fulfilling responsibilities to investors while pro-
moting coordinated development across environmental, social, and governance dimen-
sions [20]. Firms can improve their ESG practices by securing resources, advancing green
product innovation, and improving corporate governance. These efforts convey credible
signals of sustainable development to external stakeholders. In terms of resource security,
strong ESG performance sends positive non-financial signals to the market, alleviating
information asymmetry among investors and other stakeholders, facilitating firms” access
to financial support [5], and mitigating funding shortages that may hinder the continuity of
green innovation activities. In terms of market-based incentives, strong ESG performance
signals a firm’s commitment to sustainable development, strengthening suppliers’ trust
and increasing their willingness to cooperate, contributing to more resilient and collab-
orative supply chain relationships [21]. Stable supply chain partnerships facilitate firms’
continuous engagement in green R&D. By doing so, they sustain the accumulation of
green technology, knowledge, and innovation experience. In addition, a strong corporate
reputation reflects market expectations for a company’s products and services and serves
as a key factor for consumers in assessing the quality of these offerings. Existing studies
have provided evidence that strong ESG performance increases the likelihood of receiving
CSR awards, a proxy for corporate reputation [22]. In terms of internal governance, firms
can establish a sound ESG management framework to improve governance structures,
decision-making processes, and incentive mechanisms. Building on this, they can integrate
sustained green innovation goals into their operational systems and strategic development.
Firms can also use diversified incentive methods, such as employee value sharing, to align
personal interests with long-term corporate goals. These measures collectively enhance
the stability and persistence of firms’ green innovation decisions. They further foster a
long-term accumulation mechanism for green innovation knowledge, technology, and
organizational experience. This provides stable institutional support and endogenous
impetus for sustained green innovation. Therefore, ESG performance supports sustained
green innovation through resource support and stronger market collaboration. It also
enhances operational stability by improving internal governance. As a result, firms are
better positioned to sustain the progression of green innovation activities, accumulate
innovation outcomes over time, integrate sustainability into their long-term strategies, and
strengthen their long-term competitiveness.

Hypothesis 1. ESG performance can facilitate sustained green innovation in firms.

2.2. The Role of ESG Performance in Promoting Sustained Green Innovation in Enterprises
2.2.1. The Mediating Role of Financing Constraints

Financing constraints are obstacles that firms face in obtaining adequate external
funds at reasonable costs due to factors such as information asymmetry and limited credit
support, which restrict firms’ investment and operational development. The stronger
the financing constraints firms face, the more limited their access to external finance,
inhibiting their sustained development. Firms with strong ESG performance can convey
high-quality information to external stakeholders, signal sound operational conditions,
and accumulate reputational capital, enhancing investor confidence and improving access
to external financing [23]. According to signaling theory, strong ESG performance serves
as a credible signal of a firm’s environmental responsibility, social commitment, and
governance quality, enhancing investor confidence and increasing its attractiveness to
capital providers [24]. Reputation theory suggests that ESG performance can accumulate
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strong reputational capital [25], which helps to increase stakeholders’ trust and recognition
of the company. The market tends to show a stronger preference for products offered by
firms with favorable reputations, providing firms with relatively stable revenue sources,
improving cash flow expectations, and alleviating financing constraints. Sustained green
innovation requires not only periodic R&D investments by firms but also long-term, stable
financial support. This is essential to ensure the continuous advancement of green R&D,
technological iteration, and the translation of research outcomes into practice. However,
green innovation activities possess dual externalities [26], high risk, and require long-
term commitment. These features increase firms” demand for financial resources and
create uncertainties in resource acquisition, R&D investment, and the commercialization of
innovation outcomes. Yu et al. [27] found that financing constraints significantly hinder
firms’ green innovation. From the perspective of the motivation and willingness to sustain
green innovation, financing constraints also play an important role in moderating firms’
ongoing green innovation activities [28]. When a firm faces severe financing constraints,
its green R&D investments may become unsustainable due to cash flow fluctuations. The
weakened motivation for sustained green innovation can also lead to the cessation of green
innovation activities and the disruption of technological accumulation. By easing financing
constraints and strengthening firms’ long-term funding stability, ESG performance provides
stable support for green R&D, continuous technological iteration, and the accumulation of
innovation outcomes. In this way, ESG performance facilitates sustained green innovation.

Hypothesis 2. ESG performance promotes sustained green innovation in firms by alleviating
financing constraints.

2.2.2. The Mediating Role of Operational Risk

Operational risk can affect firms” high-quality development. Operational risk refers to
events that firms encounter in the course of their operations, which may result in financial
losses or other adverse consequences. It can be categorized into external and internal
risks [29]. External risks include the macroeconomic and microeconomic environment,
policy orientations, and potential risks that may arise from the actions of various stake-
holders; internal risks stem from the internal management processes of the firm, mainly
reflected in organizational structure, financial decision-making, strategic choices, and other
aspects. Currently, most scholars believe that operational risk deserves more attention.
In the context of high information asymmetry, it is difficult for the internal and external
supervision and management mechanisms of firms to function effectively, which not only
reduces the efficiency of enterprise management but may also increase management’s
motivation to hide key information to satisfy its own interests [30]. This tendency can lead
them to adopt more aggressive business strategies, which heighten firms’ operational risks.
Strong ESG performance requires firms to establish a high-quality governance system [31],
which encourages managers to develop a deeper understanding of the firm’s sustainable
development objectives and behavioral standards, enhancing their ability to perform their
duties. Moreover, by optimizing resource allocation efficiency and cost control, the overall
risk of the firm can be reduced. At the same time, a sound and transparent internal gover-
nance system can reduce the uncertainty of enterprises in financial, legal, and other aspects,
providing institutional support for long-term business stability. In addition, a firm’s strong
ESG performance can attract increased attention from external analysts [32]. Analysts can
exert supervisory pressure on management through the interpretation and dissemination of
firms’ information, prompting them to make more rational use of resources for investment
and business activities. This is associated with higher operational efficiency and lower
operational risk. Reducing operational risks encourages firms to examine resource and
environmental issues through the lens of green and sustainable development, identify
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new opportunities, and direct resource allocation towards more innovative areas, which
enhances their willingness to invest in long-cycle, high-uncertainty green technology re-
search and development projects [33]. Furthermore, strong ESG performance conveys to
the market a positive signal of balancing economic returns with environmental responsi-
bility. It caters to the preferences of socially responsible investors, enhancing firms’ image
and organizational legitimacy. Enhanced legitimacy reduces the external uncertainty and
perceived risk of failure that firms face in green innovation. It also strengthens firms’
confidence in sustaining long-term green R&D investment. This, in turn, provides stable
support for the persistent growth and long-term accumulation of green innovation out-
comes. Consequently, by lowering operational risk and reinforcing long-term operational
stability, ESG performance further fosters sustained green innovation.

Hypothesis 3. ESG performance promotes sustained green innovation by reducing operational risk.

2.2.3. The Moderating Role of Government Subsidies

Strong ESG performance conveys a firm’s promise to environmental responsibility
and sustainable operations, which aligns with local governments’ goals of promoting
high-quality development and green transformation, making it easier for firms to obtain
preferential policies such as fiscal subsidies and tax incentives [34]. Meanwhile, firms
receiving consistently positive policy support signals from the government are motivated
to sustain or improve their ESG performance, creating a positive feedback loop between
corporate green governance and policy support. In this context, government R&D subsidies
can alleviate firms” underinvestment in research and development [35], directly easing the
financial pressure associated with long-term green R&D and mitigating firms” propensity
to reduce green R&D investment under short-term operational constraints. Moreover,
government subsidies signal to investors that a firm is worth investing in [36], which
enhances external investor confidence, attracts more social capital, and broadens firms’
access to financing, strengthening firms’ ability to sustain green technology R&D over
time. Therefore, firms exhibiting stronger ESG performance are more likely to receive
greater government subsidies, which further strengthen their incentives and capacity to
undertake sustained green innovation. When government subsidy levels are relatively
high, the positive impact of ESG performance on sustained green innovation is further
strengthened. In other words, government subsidies positively moderate the relationship
between ESG performance and sustained green innovation.

Hypothesis 4. Government subsidies positively moderate the relationship between ESG perfor-
mance and sustained green innovation.

2.2.4. The Moderating Role of Digitalization

Firms” engagement in ESG activities can enhance stakeholder trust and build long-
term partnerships, but in the short term, instead of generating direct profits, it consumes
additional resources and weakens the firm’s motivation to pursue ESG. In the context of
the “dual carbon” targets, firms’ digital transformation can improve not only economic per-
formance but also social benefits. The widespread application of digital technologies such
as the Internet of Things, big data, and artificial intelligence can enhance firms” dynamic
capabilities, cost control capabilities, and resource utilization efficiency, improving their
market competitiveness [37]. The level of digitalization in firms may influence the intrinsic
correlation between their ESG performance and sustained green innovation. On the one
hand, improvements in the level of digitalization help firms optimize business processes, en-
hance internal governance capabilities, optimize the combination of production factors, and
reduce internal management costs, innovation transaction costs, and contract costs [38]. By
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improving the efficiency of R&D resource allocation and the coordination of R&D processes,
digitalization reduces the risk of R&D fluctuations and innovation disruptions caused by
resource misallocation or information delays during long-term green R&D, thereby en-
hancing the continuity of firms’ green technology R&D activities and their capacity for
technological iteration. On the other hand, digital technology can enable firms to accurately
identify the preferences and dynamic changes in demand for green products, enabling
green innovative products to obtain clearer market orientation. In addition, digital platform
deployment is conducive to collaborative cooperation between firms, consumers, industry
partners, research institutions, and other stakeholders, enhancing knowledge integration
capabilities [39]. Greater knowledge accumulation and more efficient collaborative innova-
tion enable firms to achieve sustained technological accumulation and dynamic growth of
innovation outcomes during long-term green R&D. Furthermore, greater digitalization can
improve the disclosure of ESG information. Translating complex and technical terminology
into content that is easier for stakeholders to understand helps them more clearly recognize
the long-term value of a firm’s green R&D projects. This, in turn, enhances their confidence
in the firm’s green innovation initiatives. Thus, digitalization enables firms with strong ESG
performance to convert resources into green innovation more effectively and to accumulate
sustained green innovation outcomes. In other words, digitalization strengthens the direct
effect of ESG performance. In firms with lower levels of digitalization, data utilization is
inefficient and costly, and clean, efficient, and renewable production methods have yet
to be adopted, limiting the effective transformation of ESG-driven resources into green
innovation outcomes.

Hypothesis 5. Digitalization positively moderates the relationship between ESG performance and
sustained green innovation.

3. Research Design
3.1. Model Construction

To examine the hypothesis that superior ESG performance facilitates sustained green
innovation in firms, this study established the following benchmark regression model (1):

GIAjt = ag + 11 ESGjt + apControlys + At + 13 + &j (1)

In model (1), GIA indicates firms’ sustained green innovation, and ESG indicates
their ESG performance. Control represents the combination of controlled variables; #
and A represent individual and individual fixed effects, respectively; and ¢ is a random
perturbation term.

3.2. Variable Description
3.2.1. Dependent Variable (GIA)

The dependent variable in this article is the sustained green innovation of firms.
Drawing on the research of Triguero & Corcoles [16], the calculation formula for the
sustained green innovation of firms is as follows:

GIN; ¢ + GINi/t,1
GIN;t—1 + GINj 2

GIA;; = X (GINi,t + GINi/tfl) (2)

In the above equation, GIA; ; represents the sustained green innovation of enterprise i
in year t, and GINj, GIN;;_; and GIN;j ;_» represent the number of green patent applica-
tions of enterpriseiin yearst, t — 1, and t — 2, respectively. We used green patent application
data to measure this indicator, which better reflects firms’ timely innovation decisions and
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avoids the lag caused by the patent examination process, compared with granted patent
data. When GINj_; + GIN;j;_» = 0, the persistence becomes mathematically undefined
because the company did not exhibit green innovation activities in the first two periods.
Even if green innovation occurs in the current period, it cannot constitute the continuity of
green innovation behavior; thus, these observations were assigned a value of zero. This
index reflects both the continuity and the scale of green innovation activities. The ratio
term reflects the persistence of green innovation in adjacent periods, while the multiplica-
tive component reflects the scale of accumulated green innovation output. Economically,
an increase in GIA indicates that a firm maintains green innovation activities over time,
expands the scale of green patenting, and accumulates green innovation outcomes.

3.2.2. Explanatory Variable (ESG)

The explanatory variable in this study is firms” ESG performance, measured by the
Huazheng ESG Composite Index. This rating system covers all A-share listed firms in
China and evaluates performance along environmental, social, and governance dimensions.
Specifically, the composite score is derived from a bottom-up hierarchical weighting method:
performance is first assessed within each dimension and then aggregated using industry-
specific fixed weights. These scores are then standardized within industries, and the index
has been widely used in empirical studies (e.g., Guogiang Hu et al. [40]). However, some
studies have pointed out that there is significant divergence among different ESG rating
agencies [41], and the evaluation results of Huazheng may not be fully consistent with those
from sources such as MSCI or Sustainalytics. Since this indicator system fully accounts for
China’s policy context (e.g., the “dual-carbon” goals and rural revitalization) and industry
characteristics, it is better suited to the Chinese context. Accordingly, this study employed
the Huazheng ESG Composite Index as the explanatory variable to measure corporate
ESG performance.

3.2.3. Control Variables

Considering that other factors may influence the empirical results, we controlled for
the following variables: equity concentration (Top 10), measured by the ownership con-
centration of the top ten shareholders; Long-term development capability (Sgr), expressed
in terms of sustainable growth rate; Firm performance was measured by return on equity
(Roe); Board size was measured by the number of board members (Board); Employee
quality (Hc), measured by the proportion of employees holding a bachelor’s degree or
higher; Return on Assets (Roait) was expressed as the sum of total profit and financial
expenses divided by total assets; and Ré&D intensity (RI) was defined as the ratio of R&D
expenditure to total assets.

3.3. Data Sources and Descriptive Statistics

This study employed A-share listed firms spanning the period from 2013 to 2023 as
the empirical research sample and processed the data as follows: (1) ST and *ST firms
were excluded from the sample; (2) samples of firms with insolvency were excluded;
and (3) firm samples with missing data on major variables were excluded. Continuous
variables were winsorized at the 1% and 99% levels to mitigate the influence of outliers. The
explanatory variable data were obtained from the Huazheng ESG rating agency, the firms’
green technology patent data were obtained from the China National Intellectual Property
Administration (SIPO), and other data were obtained from the Guotai’an database. Table 1
presents the descriptive statistics. To further rule out multicollinearity, we calculated the
variance inflation factor (VIF) for each variable. All VIF values fell below the standard
threshold of 10, ranging from 1.02 to 6.66. The VIF results indicated that multicollinearity
was not a serious concern in this study.
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Table 1. Descriptive Statistics of Main Variables.

Variables Sample Size Mean Standard Deviation Maximum Minimum
GIA 21,279 0.220 0.640 4.817 0.000
ESG 21,279 4.301 0.062 4.437 4.095

Top10 21,279 0.583 0.148 0.906 0.244
Sgr 21,279 0.058 0.054 0.264 —0.022
Roe 21,279 0.060 0.107 0.301 —0.487

Board 21,279 8.394 1.599 14.000 5.000
Hc 21,279 0.308 0.220 0.905 0.000

Roait 21,279 0.056 0.065 0.259 —0.173

RI 21,279 0.026 0.022 0.127 0.000

Source: Own work.

4. Empirical Analysis
4.1. Benchmark Regression

Table 2 displays the regression results of ESG on the sustained green innovation of
firms. Columns (1) and (2) present the regression results without controlling for individual
firm and year effects, while column (3) controls for the direct regression of individual
firm and year effects. The coefficient on ESG was 0.339 and statistically significant at the
1% level, indicating that strong ESG performance significantly promoted sustained green
innovation in firms. When all control variables were included in the regression, the ESG
coefficient was 0.321 and remained significant at the 1% level, suggesting that strong ESG
performance continued to promote sustained green innovation after controlling for other
factors. Therefore, Hypothesis 1 was validated.

Table 2. Benchmark Regression Results.

1 (2) 3 4)
GIA GIA GIA GIA
ESG 1.596 *** 1.327 *** 0.339 *** 0.321 ***
(0.083) (0.078) (0.064) (0.063)
Top10 0.400 *** 0.349 ***
(0.035) (0.049)
Sgr 2.016 *** 0.134
(0.136) (0.106)
Roe 1.579 *** 0.196 ***
(0.105) (0.075)
Board 0.030 *** 0.005
(0.003) (0.004)
Hc 0.391 *** 0.344 ***
(0.026) (0.055)
Roait —4.021 *** —0.422 ***
(0.209) (0.155)
RI —1.305 *** 0.811 **
(0.215) (0.337)
_cons —8.077 *** —7.828 *** —1.702 ** —2.184 ***
(0.628) (0.643) (0.734) (0.821)
Number of samples 21,279 21,279 21,279 21,279
Fixed effects of enterprise and year No No Yes Yes
adj. R? 0.024 0.083 0.653 0.656

Robust standard errors are in parentheses, *** p < 0.01, ** p < 0.05. Source: Own calculations.

https://doi.org/10.3390/sul18136578


https://doi.org/10.3390/su18136578

Sustainability 2026, 18, 6578

11 of 23

4.2. Endogeneity Test

To mitigate potential endogeneity concerns in the baseline regression, this study
employed an instrumental variable (IV) approach. We instrumented a firm’s current ESG
performance using the same-year industry average ESG score (Peer_ESG), defined as the
mean ESG rating of all other firms in the same industry and year, leaving out the focal
firm. The instrumental variable satisfies the relevance condition. The mean ESG score
of peer firms in that industry affects a firm’s own ESG performance through channels
such as industry norms, competitive pressure, and information spillovers. In the first-
stage regression, the coefficient on Peer_ESG was 0.676 and was significant at the 1%
level. Regarding exogeneity, after controlling for firm fixed effects, year fixed effects, and
all covariates from the baseline model, the ESG performance of peer firms is unlikely
to directly affect a firm’s sustained green innovation. Table 3 reports the results of the
two-stage least squares (25LS) regression. The Kleibergen—Paap rk LM statistic in the first
stage was 329.546 and was significant at the 1% level, strongly rejecting the null hypothesis
of underidentification. The Kleibergen—Paap rk Wald F statistic was 336.140, far above
the Stock—Yogo critical value (16.38) at the 10% significance level for weak identification,
indicating that weak instruments were not a concern. The second-stage regression showed
that the ESG coefficient was 1.482 and significant at the 1% level. Compared with the
baseline results, the IV estimate was slightly larger, but the sign and significance remained
unchanged. These findings further confirmed the positive effect of ESG performance on
sustained green innovation.

Table 3. Instrumental Variable Method.

First Stage Second Stage
ESG GIA
Peer_ESG 0.676 ***
(0.037)
ESG 1482 *%3%
(0.531)
Control variables Yes Yes
Number of samples 21,279 21,279
Fixed effects of enterprise and year Yes Yes
Kleibergen—Paap rk LM 329.546 ***
Kleibergen-Paap Wald rk F 336.140 (16.38)

Robust standard errors are in parentheses, *** p < 0.01. Source: Own calculations.

4.3. Robustness Test
4.3.1. Heckman’s Two-Step Method

As a robustness check, the study applied Heckman'’s two-step method [42] to alleviate
potential sample selection bias. Table 4 reports the regression results. Firms experiencing
financial distress or bankruptcy are generally less likely to sustain green innovation activi-
ties and may be excluded from the database, potentially leading to non-random sample
selection. In addition, differences in firms’ information disclosure behavior may also affect
sample observability. Following Kim and Verrecchia [43], this study measured firms’ infor-
mation disclosure quality and constructed a dummy variable (KV_dummy). Specifically,
KV_dummy equals one if the firm’s KV index exceeds the industry-year median, and zero
otherwise. In the first stage, we estimated a Probit model to examine the likelihood of a
firm exhibiting relatively high information disclosure quality. The explanatory variables
included the instrumental variable, namely the industry—year average ESG score of peer
firms (Peer_ESG), together with all control variables used in the baseline regression. The
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results showed that the coefficient on Peer_ESG was significantly positive, indicating that
firms operating in industries with better ESG performance were more likely to exhibit
higher information disclosure quality. In the second stage, we incorporated the inverse
Mills ratio (IMR) into the baseline regression model as an additional control variable to
correct for potential sample selection bias. The second-stage estimation results indicated
that the coefficient of ESG remains significantly positive ( = 0.216, p < 0.01). The signifi-
cant coefficient on IMR suggested that sample selection was a concern. Nevertheless, the
corrected model indicated that ESG performance continued to have a significant positive
effect on sustained green innovation, thereby supporting the main hypothesis.

Table 4. Heckman'’s Two-stage Regression.

» (V)
KV_Dummy GIA
Peer_ESG 1.425**
(0.719)
ESG 0.216 ***
(0.082)
IMR —0.544 *
(0.293)
_cons —5204* —0.925 **
(3.098) (0.371)
Control variables Yes Yes
Fixed effects of enterprise and year Yes Yes
Number of samples 21,279 10,251
adj. R?/Pseudo R? 0.052 0.624

Robust standard errors are in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Source: Own calculations.

4.3.2. The Method of Propensity Score Matching

To mitigate systematic biases in observable characteristics between the treatment and
control groups, we employed a propensity score matching (PSM) approach. The treatment
group included firms with GIA > 0, while the control group comprised firms with GIA = 0.
The propensity scores were estimated using a Logit model including all control variables
from the baseline regression. The matching algorithm adopted one-to-two nearest-neighbor
matching and imposed the common support restriction. The common support test showed
that only three control observations (0.04% of the control sample) fell outside the common
support region, while all treated observations lay within the support region. Table 5
presents the balance test results for the PSM procedure. Following the matching procedure,
the absolute standardized biases of all covariates were reduced to below 5% (the largest
bias was —5.3% for Hc). Moreover, except for Hc and Roe, the differences between the
treatment and control groups for all other matching variables were substantially reduced.
To mitigate potential omitted variable bias from Hc and Roe, these variables were controlled
for in the subsequent OLS regressions. Table 6 presents the matching quality indicators.
After matching, the Ps R? dropped from 0.040 to 0.001, and the LR chi? decreased from
1154.35 to 46.44. The mean standardized bias fell from 14.3% to 1.8%, while the median
bias declined from 11.6% to 1.3%. The B statistic declined from 48.3 to 8.5, well below
the 25% threshold, and the R statistic changed from 1.09 to 0.97, remaining within the
acceptable range of [0.5, 2]. These results indicated that the matching effectively eliminated
systematic differences in observable characteristics between the treatment and control
groups. The estimated average treatment effect on the treated (ATT) from nearest-neighbor
matching was 0.014 (t = 13.15). Furthermore, the main regression model was re-estimated
using the matched sample. The results, reported in Column (1) of Table 7, showed that
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the ESG coefficient was 0.216 and was significant at the 1% level. ESG performance had a
significant positive effect on sustained green innovation. This finding was consistent with
our hypothesis and confirmed the robustness of our conclusions.

Table 5. Balance Test of PSM.

Unmatched Mean Standardized Bias (%) T-Test

Variable Matched  Treated Control Bias Reduce p-Value
o G 0T gmo e, om
W M o omo 13 5 oo
Roe M oo o 24 15 gom
ot 4 SR Ym N e o
He M o oskm s 812 oo
w G e ws
WG e wmm w gm

Source: Own work.

Table 6. Overall Matching Quality Indicators.

Sample Ps R? LR chi? p-Value Mean Bias (%) Median Bias (%) B R
Unmatched 0.040 1154.35 0.000 14.3 11.6 48.3 % 1.09
Matched 0.001 46.44 0.000 1.8 1.3 8.5 0.97

*If B > 25%, R falls outside [0.5; 2]. Source: Own work.

Table 7. Additional Robustness Test Results.

(1) ) (3) 4) (5) (6) (7) 8

GIA GIA GIA GIA GIA GIA Log(GIA +1) GIA
ESG 0.216 *** 0.262 *** 0.223 *** 0.155 ***
(0.069) (0.072) (0.063) (0.027)
AEC 0.006 ***
(0.001)
L.ESG 0.376 ***
(0.065)
L2.ESG 0.276 ***
(0.068)
Bloomberg 0.006 ***
(0.001)
_cons —1.041 % —1.241**  —0.603***  —1.789**  _1.373** 4647 ** —0.688 *** —0.365 ***
(0.310) (0.319) (0.092) (0.292) (0.298) (0.487) (0.121) (0.118)
Control variables Yes Yes Yes Yes Yes Yes Yes Yes
Fixed effects of enterprise Yes Yes Yes Yes Yes Yes Yes Yes
and year
Fixed effects of
industry-by-year and No Yes No No No No No No
city-by-year
Number of samples 14,907 20,357 21,279 17,495 14,780 21,268 21,279 8005
adj. R? 0.626 0.670 0.656 0.681 0.699 0.660 0.683 0.694

Robust standard errors are in parentheses, *** p < 0.01. Source: Own calculations.

https://doi.org/10.3390/sul8136578


https://doi.org/10.3390/su18136578

Sustainability 2026, 18, 6578

14 of 23

4.3.3. Interactive Fixed Effects

To address potential omitted variable bias arising from industry and regional charac-
teristics, this study added industry-by-year and city-by-year fixed effects to the baseline
specification. The regression results reported in column (2) of Table 7 showed that the
coefficient on ESG was 0.262 and remained statistically significant at the 1% level, indicating
that the baseline results remained robust after considering the dynamic impact of industries
and regions.

4.3.4. Other Robustness Tests

Columns (3)—(8) of Table 7 report the results of a series of additional robustness tests.
First, the annual average ESG comprehensive score (AEC) was adopted as an alternative
measure of ESG performance. Second, given the potential lagged effect of ESG performance
on sustained green innovation, one-period and two-period lagged ESG variables were
introduced into the regressions. Third, additional control variables, including firm size,
financial leverage, firm age, and cash flow, were incorporated into the baseline model.
Fourth, to reduce the influence of skewness and extreme values in GIA, the dependent
variable was transformed into its logarithmic form, log(1 + GIA). Finally, the Bloomberg
ESG Score was employed as an alternative ESG measure to alleviate concerns regarding
rating bias associated with the Huazheng ESG ratings. Across all robustness specifications,
the baseline finding remained significant and stable.

5. Extended Discussion and Analysis
5.1. Mediating Effect Test

The above empirical findings suggested that ESG performance can facilitate sustained
green innovation in firms, but the mechanism of action requires further investigation.
Building on the preceding theoretical analysis, this study employed a three-step approach
to examine the transmission mechanisms of financing constraints and corporate operational
risk, and constructed Models (3) and (4):

Mediator; = Bo + B1ESG;: + ﬁzControlit + At + 1+ g 3)

GIA; = po + 01ESG;¢ + p,Mediator;; + p3Controliy + At + 175 + € 4)

In models (3) and (4), Mediator represents the mediating variables, namely empirical
financing constraints or corporate operational risks.

5.1.1. The Mechanism of Financing Constraints

The FC index was constructed using a Logit model. It uses core indicators, such as
firm size, listing age, and cash dividend payout ratio, to capture the likelihood of a firm
facing financing constraints. Higher FC values indicate greater difficulty for the firm in
obtaining external financing. Following Huang et al. [44], this study used the FC index
to reflect the degree of firms’ financing constraints. Columns (1) and (2) of Table 8 report
the mechanism test results of financing constraints. The coefficient of ESG performance
on financing constraints was significantly negative. The estimated coefficient of financing
constraints on GIA was significantly negative. In light of the analysis above, a firm’s
strong ESG performance can ease financing constraints and thus promote sustained green
innovation. Furthermore, the indirect effect was 0.006 (p = 0.033). The 95% bootstrap
confidence interval based on 1000 replications ranged from 0.001 to 0.011, and the Sobel
test yielded a p-value of 0.022. These results confirm financing constraints as a significant
mediating channel. Hypothesis 2 was verified.
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Table 8. Intermediary Effect Test Results.
® (2 3 @
FC GIA Risk GIA
ESG —0.049 *** 0.315 *** —0.042 *** 0.303 ***
(0.019) (0.063) (0.005) (0.063)
FC —0.112 ***
(0.024)
Risk —0.419 ***
(0.094)
_cons 0.706 *** —1.448 *** 0.228 *** —1.432 ***
(0.081) (0.285) (0.021) (0.283)
Control variables Yes Yes Yes Yes
Fixed effects of enterprise and year Yes Yes Yes Yes
Sobel Test 2.284 ** 3.979 ***
Number of samples 21,279 21,279 21,279 21,279
adj. R2 0.831 0.656 0.493 0.656

Robust standard errors are in parentheses, *** p < 0.01, ** p < 0.05. Source: Own calculations.

5.1.2. Mechanism of Operational Risk

A firm’s earnings volatility reflects, to some extent, its operational risk. When risk is
high, earnings volatility tends to be high, and vice versa. Following the approach of Dong
and Sun [31], we measured firm’s operating risk using the three-period rolling volatility of
the return on assets (ROA), adjusted for industry and year, and based on earnings before
interest and taxes (EBIT). A larger value of this measure indicates higher operational risk.
The specific calculation methods are shown in Equations (5) and (6):

, _ BBITy 1.y EBITy
AdjROA = ASSETS; NZi:l ASSETS;; ®)

. y—— . Ten aa 2
Rlskit = ﬁthl Ad]ROAlt — TZt:]Ad}ROAIt ,T = 3 (6)

where EBIT;; is measured by the firm i’s earnings before interest and taxes in year t;
ASSETS;; is the total assets of firm i at the end of year t; AdjROA,; is the EBIT-to-assets ratio
adjusted by the industry mean; N is the total number of firms in the industry of firm i in
year t; Risk;; is the operational risk of firm i in year t; and T is the rolling window length,
set to 3.

Columns (3) and (4) of Table 8 report the test results of corporate operational risk. The
estimated coefficient of ESG on corporate operational risk was negative and statistically
significant. The estimated coefficient of operational risk on sustained green innovation
was significantly negative. Furthermore, the mediation effect was 0.018 (p < 0.001), with
a 95% confidence interval of [0.009, 0.027] based on 1000 bootstrap replications, and the
Sobel test yielded a p-value of less than 0.001, further confirming the significance of op-
erational risk as a mediating channel. The preceding analysis indicated that strong ESG
performance mitigates operational risks and fosters sustained green innovation, thereby
validating Hypothesis 3.
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5.2. Moderating Effect Test

Based on the analysis of government subsidies and digital regulation mechanisms in
the previous text, model (7) was constructed to investigate the moderating role of govern-
ment subsidies and digitalization. In this model, Adj represents the moderating variable.

GIA;; = 0o + 01ESG;; + 0.ESG; x Adj;, + 03Adj;, + 04Controliy + A + 7 + &3¢ (7)

The measurement of government subsidies (Gov) is conducted in two ways: absolute
and relative approaches. Absolute subsidies are usually measured as the natural log of
total government subsidies, while relative subsidies are usually measured as the ratio of
total subsidies to a firm'’s total assets. The same amount of government subsidies can have
different incentive effects on firms of different sizes. To address this, following Yao [45],
this study uses the ratio of total government subsidies to total assets as a proxy to mitigate
the influence of enterprise size. Digitalization (Digtech) is typically measured using text
analysis. This article draws on the research of Zhen et al. [46] to summarize the feature
word frequency of technology classification, organizational empowerment, and digital
application, and measures the digitalization level of firms by adding 1 to the total word
frequency and taking the natural logarithm. Finally, Table 9 shows the moderating effect test
results for government subsidies and digitalization. Column (1) presents the moderating
effect test for government subsidies. We standardized GIA, ESG, and Gov using a Z-score
transformation to prevent scale differences from distorting the interaction coefficient. The
final results are shown in column (2). Column (3) presents the results for the moderating
effect of digitalization.

Table 9. Moderating Effect Test Results.

1) 2) (3)
GIA GIA_Std GIA
ESG 0.217 *** 0.266 ***
(0.065) (0.066)
ESG x Gov 21.502 **
(10.822)
Gov —88.468 *
(46.011)
ESG_std 0.020 ***
(0.006)
Gov_std —0.725 ***
(0.279)
ESG_std x Gov_std 0.699 ***
(0.258)
ESG x Digtech 0.002 **
(0.001)
Digtech —0.008 **
(0.003)
_cons —0.963 *** —0.412 *** —1.300 ***
(0.281) (0.050) (0.294)
Control variables Yes Yes Yes
Fixed effects of enterprise and year Yes Yes Yes
Number of samples 20,875 20,875 21,276
adj. R? 0.572 0.572 0.658

Robust standard errors are in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1. Source: Own calculations.
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Column (1) of Table 9 reports the regression results that include the moderating
variable and its interaction term. The coefficient of the interaction term was significantly
positive at the 5% level, suggesting that government subsidies reinforced the impact of
ESG performance on sustained green innovation. Column (3) reports the moderating effect
of digitalization. The interaction term between digitalization and ESG performance was
statistically significant at the 5% level. This suggested that digitalization amplified the
influence of ESG performance on sustained green innovation. The higher a firm’s level
of digitalization, the better the advantages of ESG performance can be channeled into its
sustained green innovation. Overall, hypotheses 4 and 5 were supported.

To verify these findings, following Dawson [47], we plotted the moderating effect of
government subsidies on the relationship between ESG performance and sustained green
innovation at high (M + 1SD) and low (M — 1SD) levels, as shown in Figure 2a. Meanwhile,
we plotted the moderating effect of digitalization at high and low levels (M + 1SD) on
this relationship, as shown in Figure 2b. We observed that the association between ESG
performance and sustained green innovation exhibited a considerably steeper slope for
firms with high government subsidies compared to those with minimal subsidy levels. This
indicated that government subsidies strengthened the positive effect of ESG performance
on sustained green innovation, consistent with the positive coefficient of the interaction
term (ESG x Gov). The negative main effect of subsidies suggests that when ESG perfor-
mance is relatively low, subsidies may not effectively stimulate sustained green innovation
and may even crowd out firms’ own innovation investments. A possible explanation is
that firms with weak ESG performance often lack effective governance mechanisms and
a long-term sustainability orientation. This reduces their ability to allocate subsidized
resources efficiently. Similarly, the slope of this relationship was steeper for firms with
higher levels of digitalization, confirming that digitalization strengthened the positive
effect of ESG performance on sustained green innovation. The negative main effect of
digitalization suggests that at lower levels of ESG performance, digitalization may initially
divert financial and managerial resources away from green innovation due to the sub-
stantial investment, organizational restructuring costs, and adjustment burdens it entails.
However, for firms with stronger ESG performance, digital capabilities tend to align more
closely with sustainability objectives. These firms are more likely to leverage digitalization,
strengthening the positive influence of ESG performance on sustained green innovation.

0.00

0.01

0.00

—0.01 4

A ~0.02
. ~0.04

4 —0.06

(@)

(b)

-0.02 1 L ~0.08 1 -
7 ——— Low - —— Low
< 003 1 e Gov < —0.10 1 - Digtech
’
o Ve ) T - )
-0.04 v -—-B--- High -0.12 PPl —=-B--- High
Gov - e Digtech
-0.05 -0.14 [
-0.06 1 ~0.16 -
-0.07 ~0.18 -
-0.08 -0.20
Low ESG High ESG Low ESG High ESG

Figure 2. (a) Moderating Effect of Government Subsidies on the Relationship Between ESG Perfor-
mance and Corporate Sustained Green Innovation; and (b) Moderating Effect of Digitalization on the
Relationship Between ESG Performance and Corporate Sustained Green Innovation.
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5.3. Heterogeneity Analysis
5.3.1. Pollution Attribute

Based on the classification criteria for firms’” pollution attributes provided by the
Guotai’an database, the sample was divided into two groups: heavily polluting firms
and non-heavily polluting firms. Separate regressions were then conducted for each
subsample. The regression results by pollution attributes are reported in columns (1)
and (2) of Table 10. ESG performance had a significantly positive effect on non-heavy-
polluting firms, but it was not significant for heavy-polluting firms. This indicated that
ESG performance played a stronger role in promoting sustained green innovation in non-
heavy-polluting firms. Possible reasons include: firstly, ESG investment, as an important
implicit investment for firms, squeezes out some of the firm'’s resources, and stringent
environmental regulations increase the marginal abatement cost for heavily polluting
firms [48], reducing their investment in ESG. Secondly, heavily polluting enterprises are
often seen as representatives of “scattered pollution”, and their positive ESG performance is
easily interpreted as a response to external public opinion pressure, which makes it difficult
for enterprises to gain full trust when carrying out green innovation activities. In addition,
heavily polluting industries often exhibit “high pollution, high energy consumption, and
high emissions”. In the context of sustainable development, in addition to fulfilling ESG
responsibilities, they also need to assume compensation obligations for environmental
damage. Their efforts to improve ESG performance are often classified as compensation
for environmental damage, which weakens the effect of ESG performance on sustained
green innovation.

Table 10. Heterogeneity Results.

0 2 3) @ ) (6)

GIA GIA GIA GIA GIA GIA
ESG 0.182 0.262 *** 0.967 *** 0.083 * 0.443 *** 0.261 ***
(0.116) (0.076) (0.341) (0.046) (0.145) (0.072)
_cons —0.736 —1.325 *** —4.230 *** —0.322 —2.056 *** —1.236 ***

(0.526) (0.336) (1.516) (0.207) (0.644) (0.323)
Control variables Yes Yes Yes Yes Yes Yes
Fixed effects of enterprise and year Yes Yes Yes Yes Yes Yes

Chow Test 6.12 *** 105.57 *** 2.66 *
Number of samples 6453 14,521 2991 18,203 6217 14,489
adj. R? 0.740 0.637 0.716 0.515 0.719 0.523

Robust standard errors are in parentheses, *** p < 0.01, * p < 0.1. Source: Own calculations.

5.3.2. Scale Attribute

We split the sample at the mean firm size into large firms and small- and medium-
sized firms and then ran separate regressions for each group. Columns (3) and (4) of
Table 10 report the regression results by enterprise size attribute. The ESG coefficient was
0.967 (p < 0.001) for large firms and only 0.083 (p < 0.10) for small and medium-sized
firms, with a Chow test of 105.57 (p < 0.001), indicating that the positive effect of ESG on
sustained green innovation was much stronger in large enterprises. Possible reasons are as
follows, on the one hand, large-scale enterprises usually have more abundant resources
and can convert the potential resources obtained from strong ESG performance into green
innovation investment; on the other hand, large-scale enterprises receive more attention
from investors and other stakeholders and have a stronger motivation to enhance their
brand reputation and attract investment by improving ESG performance. Compared
to small- and medium-sized enterprises, large enterprises have stronger organizational
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resilience and greater risk-taking ability when implementing structural and strategic green
innovation activities.

5.3.3. Property Attribute

To examine heterogeneity across different ownership types, we divided the sample
into state-owned firms (SOEs) and non-state-owned firms (non-SOEs). Columns (5) and
(6) of Table 10 report the regression results for these two subsamples. The ESG coefficients
were positive and statistically significant in both subsamples, although the coefficient was
slightly larger for state-owned firms (SOEs) than for non-state-owned firms (non-SOEs).
A Chow test formally rejected the equality of coefficients across the two ownership types
(Chow statistic = 2.66, p < 0.070), confirming a marginally significant statistical difference.
One possible explanation is that SOEs bear greater social responsibility in their operational
objectives and face less pressure for short-term profits, allowing them to allocate resources
to green innovation activities aligned with long-term sustainability. Against the backdrop
of China’s sustained push for green development and the “dual carbon” goals, SOEs are
often expected to play a leading and exemplary role by actively responding to policy
guidance and enhancing their legitimacy and public recognition in the green transition
through ESG disclosure and improved ESG performance. In contrast, while non-SOEs also
value ESG performance, their motivations are more oriented toward enhancing corporate
image, strengthening competitive advantage, and ultimately achieving sustainable profits.
Consequently, their investments in green innovation tend to be more cautious.

6. Conclusions and Recommendations

Using data on A-share listed firms spanning 2013 to 2023, this study empirically
examined the effect of ESG performance on firms’ sustained green innovation and the
underlying transmission mechanisms. The findings show that strong ESG performance
significantly promoted firms’ sustained green innovation. This conclusion remains robust
after addressing endogeneity concerns and conducting a series of robustness checks. The
mechanism analysis shows that ESG performance promoted sustained green innovation
through two main channels: alleviating financing constraints and reducing operational
risk. Strong ESG performance helps firms obtain more favorable financing by improving
information transparency and building a responsible market image. This provides stable
financial support for green innovation activities, which often involve long development
cycles and high uncertainty. Moreover, strong ESG performance promotes effective gover-
nance and organizational legitimacy, reducing operational risk and strengthening firms’
incentives to invest in long-term green technological innovation. In addition, government
subsidies and digitalization positively moderate the relationship between ESG performance
and sustained green innovation. The heterogeneity analysis shows that the positive effect
of ESG performance on sustained green innovation is more pronounced among non-heavy-
polluting firms, large firms, and state-owned firms. This reflects the influence of firms’
resource endowments, external attention, and policy responsiveness on the sustainability
of green innovation.

The findings of this study provide several actionable recommendations for relevant
practitioners. From a firm perspective, firms can improve their ESG frameworks, strengthen
their risk management systema, and use the moderating effect of digitalization to promote
sustained green innovation. Firstly, firms should integrate ESG into long-term green innova-
tion decision-making processes. They should abandon a short-term compliance orientation
and set up a dedicated green R&D fund with long-term incentive mechanisms. Meanwhile,
they should establish an internal collaboration mechanism for sustained green innovation
by linking environmental performance to R&D staff evaluation. This approach fosters
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an organizational inertia focused on continuous patent output and eventually becomes
a dynamic capability to cope with green pressure, thereby building a firm-specific path
for sustained green innovation. Secondly, firms should strengthen their risk management
systems and integrate ESG objectives into corporate governance practices. Specifically,
they can establish ESG-oriented risk identification and early-warning mechanisms, regu-
larly assess environmental, regulatory, and market risks associated with green innovation
projects, and incorporate ESG indicators into strategic decision-making and executive per-
formance evaluation. Moreover, improving the quality of ESG disclosure and strengthening
communication with investors and other stakeholders can reduce information asymmetry,
stabilize external expectations, and mitigate financing and operational risks. By creat-
ing a more predictable and resilient business environment, firms can maintain long-term
commitments to green R&D and sustain continuous green innovation activities. Thirdly,
firms should actively leverage digital transformation to enhance the effectiveness of ESG
practices. Digital technologies can improve environmental information processing, resource
allocation efficiency, and organizational coordination, facilitating the translation of ESG
commitments into sustained green innovation outcomes. However, our results also indicate
that digitalization is most effective when supported by strong ESG performance. Therefore,
firms should integrate digital initiatives with ESG objectives rather than pursuing digital
transformation in isolation.

From an industry perspective, financial institutions can link financing conditions to
indicators such as the duration of a firm'’s green patent holdings and its continuous green
R&D investment, rather than relying solely on current ESG ratings. This would encourage
firms to turn their ESG advantages into long-term Ré&D behavior. For firms that maintain
green innovation continuity while improving ESG performance, lenders could offer differ-
entiated terms such as interest rate discounts or fast-track approval processes. Industry
associations, together with research institutions, can develop sector-specific evaluation
standards for sustained green innovation. These standards could assess a firm’s level of
sustained green innovation from several dimensions, including technological continuity,
the stability of R&D investment, and the accumulation and transformation cycle of green
innovation outputs. The results could serve as a reference for financial institutions and
regulatory authorities. Meanwhile, building a shared platform for green technology R&D
resources would help reduce the fixed costs of long-term R&D for individual firms.

From a government perspective, authorities should implement differentiated incentive
policies for sustained innovation. When allocating subsidies, governments can set up fund-
ing mechanisms linked to green innovation persistence, based on a firm’s ESG performance,
pollution profile and size. The government could first select subsidy recipients based on
firms” ESG performance. For non-heavily polluting industries and small- and medium-
sized enterprises, applicants could be required to provide long-term green R&D plans,
and subsidy disbursement could be linked dynamically to sustained green innovation
outcomes, discouraging one-off green innovation. In terms of digital empowerment, gov-
ernments can build public-good green innovation data platforms. These platforms could
offer firms basic tools such as carbon footprint tracking and analysis of green technology
trends, lowering the barriers for SMEs to access and use environmental data. In addition,
heavily polluting firms should be encouraged to connect to environmental monitoring
platforms. Digitalization helps reduce compliance costs, build a verifiable environmental
reputation, and ease concerns about greenwashing.
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