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In the context of dual-carbon, corporate green transformation, a significant
measure of the green effect of Environmental Pollution Liability Insurance (EPLI),
garners substantial attention in current research. By leveraging the 2008 EPLI
pilot policy as an exogenous event, this paper employs a difference-in-difference
model to scrutinize the influence of the EPLI pilot on the green transformation of
listed companies. We find that: (1) The EPLI pilot actively promotes corporate
green transformation. (2) The pilot policy’s impact on green transformation is
mediated through regional green development and enterprise investment
efficiency. (3) The pilot policy manifests asymmetric effects on green
transformation, influenced by regional, industrial, and enterprise-specific
pollution levels, as well as government environmental concerns. (4) The EPLI
pilot policy engenders enduring financial implications and contributes to the
governance of information. This study is beneficial to enrich the research on the
EPLI system and green transformation of enterprises that provide policy
suggestions for improving the green financial system and promoting the green
transformation of enterprises.

KEYWORDS

environmental pollution liability insurance, green transition, green insurance, green
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1 Introduction

As a crucial element of green finance, Environmental Pollution Liability Insurance
(EPLI) serves as a vital tool for averting environmental risks and mitigating societal
pollution. The objective of green finance is to actualize the ecological advancement of
society as a whole. It aims to rectify the issue of environmental externalities by redirecting
resource allocation and promoting eco-friendly concepts. This, in turn, propels the eco-
conscious evolution of microenterprises, leading them to attain their designated objectives
(Tolliver et al.,, 2021). Green innovation stands as a pivotal facet of ecological progress,
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fostering increased employment opportunities and advancing
environmental governance (Kunapatarawong and Martinez-Ros,
2016; Guo et al., 2021). It embodies a pivotal facet of corporate
green transformation. For corporations, green innovation yields
positive effects on corporate performance, enriching corporate value
and competitive advantage, among other benefits (Tang et al., 2018;
Tu and Wu, 2021; Hao et al., 2022). Consequently, enterprises are
compelled to place significant emphasis on green innovation. They
must bolster their green core competencies and uphold an
environmentally responsible image to effectively undergo the
process of green transformation (Chen, 2008).

EPLI is an insurance that takes the loss caused by a pollution
accident to a third party as the subject matter of the corresponding
environmental liability by the provisions of the law, and the
policyholder can be a sewage disposal enterprise. The policyholder
can be a sewage disposal enterprise. The insured enterprise insures the
loss caused by the pollution accident in the future and pays the
insurance cost to the insurance company at the agreed premium rate
according to the provisions of the insurance contract, and the insurance
company compensates the corresponding amount according to the
provisions of the contract in the event of an environmental accident.
EPLI is beneficial to change the existing situation of “enterprises make
profits from illegal pollution and everyone pays the bill for
environmental damage”, which leads to the liability of environmental
pollution loss and promotes the standardization and rationalization of
China’s environmental protection responsibility.

Ralston (1979) developed the pollution loss pricing mechanism
of EPLI based on the theory of externalities, marking the inception
of EPLI research. In its early stages, studies primarily centered
around qualitative analysis. They delved into constructing the EPLI
market, exploring the role of EPLI in regulating catastrophic risks
and assessing its insurability. These studies also scrutinized the
influence of EPLI as a public policy on market functioning.
Moreover, they proposed normative solutions for EPLI in the face
of availability crises (Katzman, 1988; Brockett et al., 2018).
Presently, existing research on EPLI remains rooted in qualitative
analysis. The focus largely revolves around identifying drawbacks in
EPLI products, summarizing experiences from EPLI pilot
programs, and offering policy recommendations for establishing a
comprehensive EPLI system (Feng et al.,, 2014a; Feng et al., 2014b).
Given the emergence of governmental policies aimed at mitigating
environmental pollution due to accidents, Pu et al. (2017) designed
EPLI derivatives. They further validated that these products
facilitate underwriting activities for insurance companies,
effectively serving EPLI’s core purpose as an insurance policy—
the function of risk transfer. Notably, EPLI’s primary role involves
aiding enterprises in minimizing environmental risks. Joint EPLI
ventures additionally enhance the suppression of environmental
risks across entire industrial alliances (Gao et al., 2018; Wang et al.,
2021). Consequently, EPLD’s utility lies in enticing enterprises to
seek insurance coverage. However, it’s crucial to note that only
mandatory regulatory policies can compel enterprises to acquire
EPLI Incentive-based regulatory policies, on the other hand, are
inadequate for boosting insurance demand (Li et al., 2023).

The literature concerning corporate green transformation
primarily centers around the exploration of factors influencing

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1294160

green innovation. Within the realm of macro factors, it has been
observed that voluntary and market-based environmental
regulations exert a stronger influence on promoting green
innovation compared to the impact of command-based
environmental regulations (Zhang et al, 2020). Additionally, a
range of green financial policies, encompassing regional green
financial development, green financial reforms, and green credit
policies, contribute favorably to the advancement of corporate
green innovation (Huang et al, 2022; Irfan et al, 2022; Wang
et al,, 2022a). Furthermore, industry synergistic agglomeration and
the Belt and Road initiative have been found to have a positive
impact on green innovation, whereas local government debt
exhibits a negative effect. Interestingly, digital finance emerges as
a facilitator for green innovation (Zeng et al,, 2021; Chen et al,
2022b; Li et al., 2022; Cao et al.,, 2023; Ni et al,, 2023). Among the
micro factors, both corporate governance and quality management
show a positive correlation with corporate green innovation.
Notably, sources of financing for green innovation encompass
both internal and external options. In the context of external
financing, the positive effects of government subsidies, equity
financing, and debt financing on green innovation sequentially
diminish (Amore and Bennedsen, 2016; Li et al.,, 2018; Xiang
et al, 2022). Furthermore, we have to recognize the significance
of information innovation and innovation networks for the green
transformation of enterprises (Yin and Yu, 2022; Yin et al., 2022b).

Prior research has contended that the EPLI system holds the
potential to drive corporate green transformation on a macro scale
(Lyu et al., 2022; Shi et al,, 2023). However, these studies diverge in
their perspectives when examining the micro-level dynamics. Chen
et al. (2022a) uncovered that EPLI pilots in China engendered a
moral hazard predicament, thereby diminishing firms’ motivation
to curtail emissions and consequently exacerbating their
environmental outcomes. In contrast, Zhu et al. (2023)
demonstrated that EPLI pilots contributed to enhancing firms’
environmental performance. Moreover, the research by Ning
et al. (2023) unveiled a positive correlation between EPLI and
firms’ green innovation efforts.

Owing to the relatively recent emergence of EPLI in China and
the corresponding dearth of available data, research concerning the
micro-level effects of EPLI, particularly in terms of its impact on
green outcomes, has progressed slowly. In essence, the existing body
of research exhibits certain shortcomings, which we elaborate on as
follows: Primarily, a significant portion of the studies centered
around EPLI remains confined to discussions of institutional
enhancements and product design. Few studies delve into the
realm of the green financial effects stemming from EPLI (Chen
and Xia, 2011; Pu et al,, 2017). Secondly, research aimed at
understanding corporate green transformation predominantly
revolves around the analysis of factors influencing green
innovation. This approach often overlooks the critical question of
whether corporate green innovation genuinely reflects
comprehensive green transformation. Notably, scant attention has
been devoted to investigating the interplay between green finance
and green innovation (Huang et al., 2022; Irfan et al., 2022). Lastly,
the existing body of research concerning the relationship between
EPLI and microenterprise green transformation has yielded
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inconsistent results (Chen et al., 2022a; Zhu et al., 2023). These
studies frequently rely on the EPLI-insured list issued by the former
Ministry of Environmental Protection (MEP) in 2015-2016.
However, this dataset bears notable limitations that hinder its
ability to accurately illustrate the green finance impact of EPLI
(Ning et al.,, 2023).

Green development represents a crucial trajectory toward
achieving “carbon peaking and carbon neutrality” goals. In this
context, green finance emerges as a pivotal instrument within the
financial sector, fostering green development. However, the existing
green financial market predominantly concentrates on facets like green
credit and green bonds. Conversely, the green insurance market’s
evolution has been relatively brief, characterized by an imperfect
framework. To address this, China’s financial sector has
implemented pilot policies to systematically enhance the green
insurance market. The strategic utilization of green insurance in risk
management, economic compensation, and social oversight to propel
green development, particularly in the micro-enterprise domain, holds
both pragmatic implications and theoretical significance. This pertains
not only to refining the green insurance system but also to fostering
sustainable enterprise development. Against this backdrop and
research context, we employ the 2008 EPLI pilot as an exogenous
event. We focus on Shanghai and Shenzhen’s A-share listed companies,
with those within the pilot regions constituting the experimental group,
and those outside forming the control group. By employing green
innovation as a specific metric for assessing green transformation, we
construct a quasi-natural experiment. Employing the difference-in-
difference (DID) model, we analyze the influence of the EPLI pilot on
enterprises” green innovation, delving into the broader impact on their
green transformation. Our study further probes the underlying
mechanisms driving this impact, particularly the role of urban green
total factor productivity and internal enterprise investment efficiency.
Additionally, we investigate potential asymmetries in this effect under
the moderating influences of factors such as regional and industry-
specific environmental pollution, enterprise environmental protection
measures, and governmental environmental concerns. Ultimately, we
substantiate the influence of the EPLI pilot on corporate governance.
This entails examining the policy’s effects on enterprises’
environmental protection subsidies, financial risk, bank loans, and
information disclosure practices.

This paper’s potential research contributions encompass two
principal aspects. Firstly, from a research perspective, we
accomplish this by investigating the influence of the EPLI pilot
on green innovation—an approach that has not been previously
explored. Secondly, in terms of research content, we break new
ground by utilizing the 2008 EPLI pilot as an exogenous shock to
meticulously assess its impact on the green innovation of listed
companies. We delve into both the immediate and dynamic effects
of the EPLI pilot. Additionally, we delve into the intricate
mechanisms underlying the policy’s impact on green innovation,
unraveling the distinct outcomes resulting from the three
dimensions of regional, industrial, and enterprise-level regulation.
Lastly, we scrutinize the corporate governance implications of the
EPLI pilot policy, thereby making a substantial contribution to the
realm of research focused on green financial policies.
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The rest of the article is organized as follows: in the second part,
the theoretical analysis of the research hypotheses is presented. The
third part provides the research design. The fourth part presents
and analyzes the main empirical results. In the fifth part of the
extended study, we analyze the mechanism of action effect, the
moderating effect, and the corporate governance effect of the EPLI
pilot policy. The last part summarizes and discusses.

2 Theoretical analysis and research
hypotheses

2.1 The role of EPLI

EPLI not only encompasses a broad risk management role but
also serves as a mechanism for economic compensation and social
management. Within this framework, its social management aspect
can effectively enact a form of “subrogated regulation.” This facet acts
to curtail polluting practices by enterprises, thereby fostering the
transition toward green transformation within relevant industries
(Zhou and Wang, 2009; Chen and Xia, 2011). Simultaneously, the
EPLI system occupies a vital position within the realm of green
insurance, operating as a component of green financial policy. Its
primary function revolves around channeling financial resources
away from polluting sectors and redirecting them towards
environmentally sustainable industries. This strategic resource
allocation serves to elevate financing costs for polluting industries
while reducing financing costs for eco-friendly counterparts. In this
manner, it effectively addresses the predicament of environmental
externalities (Huang et al., 2022; Irfan et al., 2022; Lin et al., 2023).
Furthermore, the EPLI system can be approached as a market-driven
environmental regulation, engendering an external regulatory impact
on enterprises’ environmental conduct. This additional regulatory
dimension collaborates with the “subrogation regulation” function,
collectively imposing limitations on capital investments by
companies. By doing so, it constrains high-pollution practices while
incentivizing environmentally responsible behaviors. The outcome is
a reduction in environmental risks and an enhancement of overall
environmental performance (Lian et al., 2022; Zhu et al., 2023).

2.2 Research hypothesis

Considering the green financial impact and the environmental
regulatory role of the EPLI system, we posit that the influence of the
EPLI pilot on enterprises’ green innovation primarily encompasses
four key dimensions:

Firstly, the EPLI pilot performs the essential function of risk
transfer through insurance mechanisms, subsequently amplifying
the enterprise’s internal governance efficacy and propelling green
innovation. Following the EPLI pilot, local businesses can oftfload
environmental risks to insurance providers by procuring EPLI
coverage. On one hand, this risk transference curtails the
enterprise’s liability for compensating environmental risks, thus
freeing up compensation funds and alleviating constraints on
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internal cash flow. This enhances the efficiency of internal resource
utilization. On the other hand, the EPLI coverage prompts
insurance companies to intensify their environmental oversight of
the enterprise. This heightened supervision enhances information
transparency, diminishes asymmetries in environmental
information, guides enterprises toward bolstering environmental
performance, mitigates environmental risks, and reduces the
likelihood of environmental incidents. Consequently, it upgrades
the quality of internal environmental information within the
enterprise. This, in turn, augments the efficiency of internal
information governance, offering more scientific, objective, and
efficient information backing for the enterprise’s environmental
decision-making. This effect is particularly pronounced for activities
such as green innovation and research and development,
characterized by heightened risk, prolonged cycles, and gradual
effects. As a result, the governance effect of the enterprise’s green
endeavors is amplified. Hence, the EPLI pilot enriches enterprises’
internal governance efficiency in resource utilization and
information management while simultaneously furnishing
innovative resources and informational support for green
innovation initiatives.

Secondly, the EPLI pilot contributes to a more judicious
allocation of financial resources within the region, fostering the
financing of enterprises’ green activities and thus propelling green
innovation. Operating as a pivotal component of green finance, the
EPLI pilot actively steers financial resources from heavily polluting
enterprises towards those championing environmentally conscious
initiatives. This strategic reallocation elevates the cost of capital for
polluting enterprises while simultaneously reducing the financing
burden on environmentally friendly counterparts. Polluting
enterprises are compelled to acquire EPLI, thus incurring
additional expenditure. Simultaneously, drawing from signaling
theory, the acquisition of EPLI implies that enterprises bear
elevated environmental risks. This, in turn, may hinder their access
to external financing. As a response, these enterprises are prompted
to curtail emissions through energy-saving measures, thereby
bolstering environmental performance and mitigating external
financing constraints. Consequently, green innovation endeavors
see a corresponding upsurge. Conversely, for environmentally
friendly enterprises, the EPLI pilot fosters a conducive green
financing environment. This environment curtails financing costs
for environmentally conscious enterprises. Concurrently, these
enterprises save on premiums by not purchasing EPLI and are
relieved of costs linked to conforming to stringent environmental
regulations. In essence, the EPLI pilot’s financing constraints on
polluting enterprises act as an impetus for innovation aimed at
improving their environmental performance. Meanwhile, the “cost
savings” realized by environmentally friendly enterprises under the
pilot’s influence serve to propel their green innovation initiatives.

Thirdly, the subrogation effect and the social management
function inherent in the EPLI system yield a form of social
governance for enterprises, subsequently driving green innovation
initiatives. On one hand, in a bid to forestall adverse selection and
moral hazard, insurance companies comprehensively grasp and
analyze the environmental information of enterprises before EPLI
procurement. This scrutiny extends to continuous monitoring of
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enterprises’ environmental performance throughout the insurance
period. The resultant guidance encourages enterprises to amplify
their green behaviors while minimizing polluting practices. On the
other hand, grounded in signaling theory, EPLI operates as a market
signal triggering vigilance from regulators, the public, and
investment entities, among other stakeholders. This external
oversight proves instrumental in mitigating agency conflicts and
harmonizing the divergent goals of enterprises, that seek both
profitability and green objectives. Confronted by the pressure of
societal supervision, enterprises are compelled to elevate their
environmental performance. This dynamic underscores the green
governance effect of the EPLI system. In practical terms, this entails
a reinforcement of green innovation within corporate endeavors,
effectively striking a balance between the pursuit of green
transformation and the short-term goals of profitability.

Fourthly, the EPLI pilot imparts the ethos of green development
and triggers a shift in the enterprise development paradigm,
ultimately fostering green innovation. Serving as a significant
institutional framework for sustainable enterprise progress, the
pilot EPLI system disseminates the principles of green finance
and green development. It draws enterprises’ focus toward ESG
(environmental, social, and corporate governance) requisites.
Concurrently, given the increasing embrace of the green
development philosophy by institutional investors, enterprises
have begun integrating green transformation and ESG objectives
into their overarching strategies. This strategic alignment facilitates
their adaptation to evolving social trends. This alignment is
manifested in the allocation of corporate resources toward green
investments, projects, and industries. Consequently, the enterprises
pivot from resource-intensive and polluting endeavors to greener
pursuits. Guided by the tenets of green development, these
enterprises transition away from their former crude and polluting
development models. The result is a continuous enhancement of
their environmental performance. In this vein, enterprises channel
efforts into green research and development, harnessing the
outcomes of green innovation to drive pollution control and
green-centric development. Thus, following the EPLI pilot, the
influence of the green concept leads enterprises to emphasize
green transformation and ESG strategies. This shift drives active
participation in green initiatives and augments enterprises’
willingness to engage in green innovation.

In summary, the EPLI pilot enhances internal governance,
optimizes regional resource distribution, reinforces external
oversight, and steers green transformation. As a result, it propels
the green innovation of enterprises within the pilot region. On this
basis, we present the research hypotheses of this study:

H1: Following the EPLI pilot, the green innovation performance
of enterprises in the pilot region improves.

Drawing on the preceding analysis, it becomes evident that
EPLI pilots wield influence not only in terms of green governance at
the micro-enterprise level but also operate as catalysts for green
finance and environmental regulation, thereby fostering local green
development (Fan et al., 2022; Li et al., 2023). The impact of EPLI
pilots on firms’ green innovation predominantly hinges on their
capacity to propel green development at the regional scale and to
enhance internal governance at the firm level.
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The effects of EPLI pilots are as follows: they drive local firms’
green innovation by augmenting the green total factor productivity
within pilot districts. This enhancement is rooted in the EPLI
system pilots’ ability to optimize district-level resource utilization,
facilitate the transition toward environmentally friendly resource
flows, elevate the cost associated with pollution, diminish the
expense of environmental protection, and mitigate the adverse
ramifications of negative environmental externalities within the
districts. Simultaneously, the EPLI pilot imposes penalties on
heavily polluting industries, projects, and enterprises, curbing
individual enterprises’ polluting behaviors. This collective action
catalyzes the green upgrading of industries across the entire region,
culminating in tangible regional green development. Green total
factor productivity (GTFP) stands as a pivotal metric of regional
green development, demonstrating a positive correlation with green
innovation (Zhao et al., 2022). This relationship emerges from the
fact that regional green innovation constitutes a significant
component of regional GTFP. Consequently, higher GTFP and
elevated efficiency in green innovation output correlate with
superior green innovation performance among local enterprises.
Therefore, the EPLI pilot serves to facilitate the advancement of
local GTFP, subsequently fostering enterprises’ green innovation.
This underpins the hypothesis regarding the impact mechanism at
the regional level proposed in this study:

H2a: The EPLI pilot influences enterprise green innovation
performance through the mediation of regional green total
factor productivity.

The EPLI pilot contributes to a heightened output of
enterprises’ green innovation by enhancing investment efficiency
within the pilot area. The magnitude of enterprise green output is
chiefly influenced by the efficiency of allocating green resources and
managing environmental information. Investment efficiency serves
as an indicative measure of both resource and information efficiency
within enterprises. Consequently, the vigor of enterprise green
innovation activities is molded by financing constraints, with
investment efficiency holding a pivotal role in shaping the
outcomes of green innovation endeavors. EPLI pilots exert a
mitigating influence on the agency predicament faced by local
enterprises, primarily through their external supervision impact.
This external oversight, in turn, enhances the internal governance of
enterprises, leading to an amelioration in investment efficiency.
Concurrently, the EPLI pilot facilitates the provision of green
funding for enterprise-level green initiatives via the mechanism of
resource allocation. This infusion of resources fosters improved
environmental performance within enterprises, thereby enhancing
relations with stakeholders. These stakeholders, in turn, contribute
environmental information and offer green resource support for the
enterprises’ green endeavors. This harmonious synergy serves to
augment enterprise investment efficiency, ultimately refining the
output of green innovation (Yang et al., 2022). As the EPLI pilot
system guides enterprises toward elevating environmental
investments to bolster environmental performance, it effectively
addresses the issue of underinvestment. This resolution, in turn,
yields a positive impact on the efficiency of input and output
concerning green innovation. Drawing on the preceding analysis,
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we posit the following hypothesis regarding the impact mechanism
at the firm level:

H2b: Following the EPLI pilot, enterprises’ green innovation
performance is influenced by the enhancement of investment efficiency.

External pollution serves as a pivotal determinant impacting
firms’ green innovation, thereby imposing limitations on the
efficacy of green finance policies (Wang et al., 2022b). This
influence may stem from the capacity of regional pollution to
influence resource allocation and exert an impact on micro-firm
financing constraints. Similarly, corporate pollution conduct
detrimentally affects internal corporate governance, eroding
financing capability and casting a negative shadow over corporate
green innovation (Amore and Bennedsen, 2016). The government
assumes a crucial role in regional pollution management, acting as a
principal entity in this realm. Government bodies possess the ability
to directly allocate resources for environmental governance,
employing environmental regulatory fines to curtail corporate
pollution activities. Additionally, they leverage environmental
governance investments and environmental protection subsidies
to steer enterprises toward energy conservation, emissions
reduction, and engagement in green initiatives. This approach
indirectly fosters environmental pollution management, thereby
influencing enterprises’ environmental practices in line with the
government’s ecological concerns (Farooq et al., 2021). Hence, there
will be an asymmetric impact of internal and external
environmental pollution and environmental governance on the
green micro effects of the EPLI pilot policy. Based on the above
analysis, we put forward the hypothesis of moderation effects:

H3: When firms face lower levels of internal and external
environmental pollution and higher levels of environmental
governance, the EPLI pilot policy has a stronger facilitating effect
on firms’ green transformation.

3 Methodology
3.1 Sample and data source

Given that the initial cohort of EPLI pilots commenced in 2008,
followed by the second cohort in 2012, the research scope of this
paper encompasses Chinese Shanghai and Shenzhen A-share listed
companies spanning from 2004 to 2011. We adhere to four
established research conventions to handle the sample in the
following manner: (1) Exclude samples categorized as ST, PT, and
*ST during the specified period. (2) Exclude samples that were listed
in or after 2004. (3) Omit samples operating in the financial sector.
(4) Eliminate samples with missing or anomalous data about key
variables. Ultimately, we amassed 10,172 annual sample observations,
representing 1,813 listed companies. Among these, there are 2,777
observations for companies within the experimental area and 7,395
observations for companies in the non-experimental group. This
winnows the main variables by 1% and 99% (Winsorize) to mitigate
the influence of outliers on the regression outcomes.

Enterprise green patent data is sourced from the China Research
Data Service Platform (CNRDS). Enterprise financial status,
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government subsidies, and disclosure appraisal data are procured from
Cathay Pacific CSMAR and Vantage Wind databases. Regional
environmental and economic data are extracted from the statistical
yearbooks of each respective province and region. The frequency of
usage of green development-related terms is derived from local
government work reports.

3.2 Variables

3.2.1 Explanatory variable

Digital green innovation is one of the important green
innovation contents and an important index to measure the green
transformation of enterprises, which plays an important role in the
digitalization and decarbonization strategy of agricultural high-end
equipment manufacturing enterprises (Yin et al., 2022a).

Citing Amore and Bennedsen (2016) and Tang et al. (2018), we
employ the count of green patents (referred to as GI, calculated as
the logarithm of the number of independently filed green patents
plus one) as a metric to gauge firms’ performance in green
innovation. This choice allows us to portray the extent of
companies’ endeavors towards environmental sustainability.
Furthermore, during the robustness assessment, we substitute the
count of green patents (GI) with the count of green invention
patents (abbreviated as GCI, calculated by taking the logarithm of
the number of independently filed green invention patents plus
one) as well as the count of green utility model patents (abbreviated
as GUI, calculated by taking the logarithm of the number of
independently filed green utility model patents plus one). This
alteration permits us to delve into the caliber of enterprises’ green
innovation, adding a layer of depth to our analysis.

3.2.2 Mechanism variables

To elucidate the mechanism behind the impact of the EPLI pilot
on enterprises’ green transformation, we incorporate specific
variables based on the methodologies outlined by Pastor and
Lovell (2005) and Richardson (2006). These variables encompass
urban green total factor productivity (GTFP) at the regional level
and over-investment (OI) at the enterprise level. These measures
serve to quantify the extent of regional green development and the
efficiency of enterprises’ investment, respectively. The computation
of green total factor productivity involves a fusion of an over-
efficient SBM model, which takes into consideration undesired
outputs, and the Malmquist productivity index. This
amalgamation yields a metric for the growth of urban total factor
productivity under a global reference data envelopment analysis
framework. Concurrently, we gauge underinvestment (LI) through
an inefficient investment model, which is formulated as follows:

Ly = oy + 0y Qi y + 0pLeverage;, | + o Cash;, | + oyLAge; |+
0sSize;q + OSRy 1 + Ogliy + A + 1 + Gy
(1)

In the given context, where I signifies new investment (defined as
the ratio of cash utilized for procuring fixed assets, intangible assets,
and other long-term investments about total assets), Q denotes
Tobin’s Q value (calculated as total market capitalization divided

Frontiers in Ecology and Evolution

10.3389/fevo.2023.1294160

by total assets), Leverage represents the leverage ratio (total liabilities
divided by total assets), Cash signifies the cash ratio (cash assets
divided by total assets), LAge stands for the duration since listing, Size
pertains to the firm’s size (logarithmic representation of total assets),
and SR stands for excess return (annual return accounting for
reinvestment of cash dividends—A-share market composite annual
return); A, symbolizes the time-fixed effect, 1; signifies the industry
fixed effect, and { represents the residual term. Specifically, when {>0,
it indicates that the firm is overinvesting, whereas when {<0, it
signifies that the firm is underinvesting. Derived from the
aforementioned inefficient investment model, overinvestment (LI)
materializes when the residual term ({) registers a value below zero.

3.2.3 Moderation variables

According to the above analysis and based on relevant research
(Darnall et al., 2008; Hu et al., 2021; Zhang, 2022), we introduce DPI,
HPI, HERS, and DGF variables to test the impact of the moderating
effects of regional environmental pollution, industry pollution, corporate
environmental management, and regional government environmental
concerns on the benchmark regression. DPI represents the regional
environmental pollution index, which is obtained by the annual
normalization of regional industrial wastewater, exhaust gas, and solid
waste. HPI is a binary variable for pollution-intensive industries that
equals 1 if the firm is in pollution-intensive industries and 0 otherwise.
HERS is a dummy variable for an environmental management system,
which if the enterprise environmental management system disclosure
projects' are higher than the average value of the annual industry takes
the value of 1, otherwise takes the value of 0. DGF is the regional
government’s green development concern that is obtained by
normalizing the green development word frequency of the regional
government’s working report. The green development word frequency
is collected manually, and the green development word database is
shown in Appendix Table 1.

3.2.4 Control variables

Drawing from prior research (Li et al., 2018; Xiang et al., 2022),
we incorporate the subsequent corporate financial characteristic
variables and all-encompassing governance variables as control
measures: year of establishment (Age), firm size (Size), leverage
(Leverage), return on assets (ROA), net cash generated from
financing activities (FCF), Tobin’s Q (Q, calculated as total
market capitalization divided by total assets), Dual, and Audit
opinion (Opinion). The precise symbols and corresponding
definitions of these variables are detailed in Table 1.

3.3 Model

To assess the fundamental hypothesis H1, we formulated the
subsequent DID panel regression model, drawing insights from

1 The disclosure projects are following: environmental protection
management system, environmental protection education and training,
environmental protection special action, environmental incident
emergency response mechanism, environmental protection honors or

awards, "three simultaneous” system.
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relevant research (Chen et al., 2022a; Shi et al.,, 2023; Zhu et al,,
2023). This model enables us to delve into the influence of the EPLI
pilot on companies’ green innovation:

Gl = By + B\DID;; + yXjy + & + X4 + € (2)

Where GI signifies the dependent variable, specifically the count
of green patents. The term DID represents the primary independent
variable, denoting the DID variable. DID= PilotxPolicy, Pilot is a
dummy that equals 1 if the company is located in the EPLI pilots
and 0 otherwise, Policy is a dummy that equals 1 if the year is after
2007 and 0 otherwise. The symbol X encompasses a collection of
control variables, as elaborated in section 3.2.3. The individual fixed
effect is captured by &, while A, stands for the time-fixed effect. The
constant term is represented by f3,, and € accounts for the residual
term. Lastly, the coefficient of the DID variable is denoted as f3;.

3.4 Descriptive statistics

Table 2 presents the descriptive statistics for the principal
variables. The findings reveal that, on one hand, the median and
mean values of the count of green patents (GI) are 0.16 and 0,
respectively. This suggests that a majority of the sampled firms lack

TABLE 1 Variable symbols and definitions.

10.3389/fevo.2023.1294160

instances of green innovations, with the distribution of green patent
counts displaying a right-skewed trend. On the other hand, the
average value of the binary group variable (Pilot) stands at 0.27,
signifying that 27% of the sample represents enterprises in the pilot
area, constituting the experimental group. Furthermore, the mean
value of the DID variable rests at 0.16, indicating that 16% of the
sample is influenced by the EPLI policy pilot.

4 Empirical results and discussion

4.1 Parallel trend test

Figure 1 illustrates the temporal trajectory of the average count
of green patents for enterprises spanning from 2004 to 2011. The
depicted results indicate that during the period preceding the pilot
phase, the count of green patents held by zone-based enterprises
was essentially comparable to those outside the designated zone.
However, following the implementation of the pilot policy, a
noticeable contrast emerged. The count of green patents and the
growth rate of enterprises situated within the pilot zone surpassed
those observed for enterprises in non-pilot zones. These outcomes
provide initial corroboration for H1.

Classification = Variables Definitions
Explanatory . st
. GI The natural logarithm of the number of green patent applications plus 1.
variable
Pilot A dummy that equals 1 if the company is located in the EPLI pilots and 0 otherwise.
DID variable Policy A dummy that equals 1 if the year is after 2007 and 0 otherwise.
DID PilotxPolicy
M . GTFP Green total factor productivity involves a fusion of an over-efficient SBM model
echanism
variables LI Underinvestment through an inefficient investment model
DPI Regional environmental pollution index, which is obtained by annual normalization of regional industrial wastewater, exhaust gas,
and solid waste.
HPI A dummy that equals 1 if the if the firm is in pollution-intensive industries and 0 otherwise.
Moderation
variables HERS A dummy that equals 1 if t the enterprise environmental management system disclosure projects are higher than the average value
of the annual industry takes the value of 1 and 0 otherwise.
DGF The regional government’s green development concern that is obtained by normalizing the green development word frequency of
the regional government’s working report.
Age The natural logarithm of the difference between observation year and establishment year.
Size The natural logarithm of total assets.
Leverage The ratio of total liabilities to total assets.
ROA The ratio of total profits to total assets.
Control variables
FCF The ratio of net cash generated from financing activities to total assets.
Q The ratio of total market value to total assets.
Dual A dummy that equals 1 if the firm’s chairman is the same as its CEO and 0 otherwise.
Opinion A dummy that equals 1 the audit opinion is “standard unqualified” and 0 otherwise.

Frontiers in Ecology and Evolution

07 frontiersin.org


https://doi.org/10.3389/fevo.2023.1294160
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Hu et al.

TABLE 2 Descriptive statistics of the main variables.

10.3389/fevo.2023.1294160

Variables \| Max Median Min Mean S.D.
GI 10172 256 0.00 0.00 0.16 0.48
Pilot 10172 1.00 0.00 0.00 0.27 045
Policy 10172 1.00 1.00 0.00 0.57 0.50
DID 10172 1.00 0.00 0.00 0.16 036
Age 10172 3.30 248 1.39 2.46 038
Size 10172 6.91 3.05 0.69 3.19 1.18
Leverage 10172 1.41 0.51 0.06 0.51 0.22
ROA 10172 0.23 0.04 -0.28 0.04 0.07
FCF 10172 0.00 0.00 ~0.00 -0.00 0.00
Q 10172 7.46 1.41 0.93 1.80 1.10
Dual 10172 1.00 0.00 0.00 0.14 0.35
Opinion 10172 1.00 1.00 0.00 0.94 0.24

4.2 Baseline regression

Table 3 presents the outcomes of the baseline regressions. The
initial two columns display regressions conducted without fixed
effects, using Ordinary Least Squares (OLS). The subsequent two
columns showcase regressions incorporating individual and year-
fixed effects (FE). The odd-numbered columns pertain to
regressions devoid of control variables, while the even-numbered
columns correspond to regressions incorporating control variables.
From the regression outcomes, the coefficient estimations for the
DID variable (DID) amount to 0.097, 0.084, 0.026, and 0.037 in

columns (1) through (4). These coefficients exhibit significance at
the 5% level for the first three columns and the 1% level for the final
column. This underscores that the EPLI pilot exercises a positive
influence on the count of green patents held by enterprises. The
above regression results collectively endorse the notion that the
EPLI pilot policy fosters green innovation among enterprises within
the pilot area. Therefore, hypothesis 1 remains substantiated.
Following the benchmark regression, a correlation test was
executed. The test results affirm that the FE model surpasses the
OLS model in performance. Consequently, we consider column (4)
as the benchmark for subsequent analysis.
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FIGURE 1

Parallel trend test plot. Solid lines represent firms in pilot zones and dashed lines represent firms in non-pilot zones.
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TABLE 3 Impact of EPLI pilot on green innovation in firms.

Variables

10.3389/fevo.2023.1294160

DID 0.097** 0.084** 0.026** 0.0374%*
2.77) (2.87) (2.28) (3.03)
Age -0.037 0.259*%%
(-1.60) (6.11)
Size 0.095** 0.054*
(2.48) (1.99)
Leverage —=0.112** -0.022
(-2.68) (-1.00)
ROA -0.087 —0.218***
(-0.59) (—4.94)
FCF -18.148 -11.823
(-1.04) (-0.66)
Q 0.023*%* 0.003
(4.28) (0.38)
Dual 0.121%%% 0.016
(5.66) (1.57)
Opinion -0.013 ~0.001
(-0.47) (-0.09)
Constant 0.140%%* -0.055 0.146*** —0.654***
(3.71) (-0.45) (82.27) (-4.78)
Firm NO NO YES YES
Year NO NO YES YES
Observations 10,172 10,172 9,846 9,846
Within R 0.00546 0.0578 0.000378 0.00922

The values in parentheses are t values. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Analyzing the regression results of the control variables reveals
the following insights. First, the coefficient estimate for Age stands at
0.259 and is significantly positive at the 1% level. This observation
suggests that the longer an enterprise has been established, the more
pronounced its green innovation performance tends to be. Second,
the coefficient estimates for firm size (Size) register 0.054 and hold
statistical significance at the 10% level. This finding indicates that
firm size serves as an indicator of financial robustness, implying that
enterprises with greater financial strength tend to exhibit elevated
levels of green innovation output. Third, the computed coefficient for
Return on Assets (ROA) rests at —0.218 and is significantly negative at
the 1% level. This highlights that a higher level of profitability is not
conducive to green innovation. This phenomenon could arise
because heightened profitability often reflects short-term gains for
the enterprise. This might, in turn, prompt management to prioritize
immediate gains over long-term considerations, thereby hindering
the drive toward green innovation.

Frontiers in Ecology and Evolution

4.3 Robustness check

Firstly, a non-parametric replacement method is employed for
conducting a placebo test. The outcomes of this test are visually
depicted in Figure 2. The 95% and 99% quantiles in the placebo test
are 0.015 and 0.023 which are both less than 0.037 (in the baseline
regression result). Secondly, following the methodology established by
Lian et al. (2022), we replace the count of green patents with the counts
of green invention patents (GCI) and green utility patents (GUI). The
regression results are showcased in columns (1) and (2) of Table 4.
These outcomes indicate that the EPLI pilot possesses a more
pronounced positive influence on green invention patents compared
to green utility model patents. In essence, the EPLI pilot demonstrates
its capacity to significantly foster substantial green transformation
within enterprises. Thirdly, leveraging the regression techniques from
Hu et al. (2021), Xiang et al. (2022), and Yu et al. (2021), we transform
the baseline linear regression into a nonlinear model. This
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encompassed Poisson regression, negative binomial regression, Tobit
regression, and the utilization of two-way fixed effects for both the year
and industry. The results of this regression analysis are detailed in
Table 4, specifically in columns (3) through (5). Fourthly, we execute a
Propensity Matching Score (PSM) approach to create a balanced
pairing of samples at a 1:1 ratio between the experimental and non-
experimental areas. The paired regression outcomes are displayed in
columns (6) and (7) of Table 4. Fifthly, we introduced industry fixed
effects, province fixed effects, and provincial economic variables,
building upon the benchmark regression, as per the methodologies
outlined in Lyu et al. (2022) and Shi et al. (2023). We introduce regional
variables including GNP, DFR, and DFI, where GNP stands for the
growth rate of gross regional product, DFR denotes financial
development (Growth rate of financial output), and DFI signifies
fixed-asset investment (Ratio of fixed-asset investment to gross
regional product). The results of these regression adjustments are
elucidated in Table 5. The robustness tests outlined above
consistently corroborate the empirical outcomes established by the
benchmark regression, thereby reinforcing the validity of our findings.

5 Extensive research
5.1 Impact mechanism test

Drawing inspiration from Bostwick et al. (2018) and Stuart
(2022), we pursued a bifurcated analysis. Firstly, we recalibrated the
regressions based on the annual averages of urban green total factor
productivity (GTFP) at the regional level. This entailed categorizing
samples above the mean into the “high green development” group,
and those below the mean into the “green development” group. The

10.3389/fevo.2023.1294160

results of these regressions are presented in columns (1) and (2) of
Table 6. From the regression outputs, the coefficient estimations for
the DID variable (DID) stand at 0.049 and 0.038, both statistically
significant at the 5% level. Notably, the coefficient value for the high
green development group surpasses that of the low green
development group. This indicates that the degree of regional
high green development influences the dynamic between the EPLI
pilot and local enterprises” green innovations. This insight suggests
that the EPLI pilot, by stimulating regional green development,
fosters corresponding local enterprises’ green innovation.
Consequently, hypothesis H2a gains support. Conversely, we
classified the sample into underinvestment and non-
underinvestment groups based on firm-level underinvestment
(LI). Within the underinvestment group, the coefficient
estimation for the DID variable (DID) is 0.003, lacking statistical
significance. In contrast, within the non-underinvestment group,
the coefficient estimation for the DID variable (DID) amounts to
0.005, bearing statistical significance at the 5% level. This implies
that the EPLI pilot exclusively influences the green innovation of
firms in the non-underinvestment group. This observation signifies
that the EPLI pilot rectifies underinvestment among local firms,
subsequently catalyzing green innovation. Consequently,
hypothesis H2b remains unchallenged.

5.2 Moderation effects analysis

Table 7 presents the regression outcomes concerning the
moderating effects. Analysis of these results yields the following
conclusions: Firstly, the coefficient estimation for the cross-multiplier
of the DID variable and the regional environmental pollution index
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FIGURE 2
Placebo test.
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TABLE 4 Robustness test-1.

10.3389/fevo.2023.1294160

Variables
DID 0.035% 0.029** 0.495%+ 0.360* 0.062*+ 0.087** 0.044
(3.15) (2.60) (8.03) (7.17) (3.00) (2.52) (3.79)
Constant —0.512%% ~0.531+ ~3.505* —5.470* ~0.200* -0.079 ~0.983*+
(56.32) (-5.70) (~6.44) (-14.84) (-2.06) (-0.72) (-3.74)
Controls YES YES YES YES YES YES YES
Firm YES YES NO NO NO NO YES
Year YES YES YES YES YES NO YES
Industry NO NO YES YES YES NO NO
Observations 9,846 9,846 10,172 10,172 10,172 4,335 3,878
Within/Pseudo R? 0.000563 0.00814 0.0812 0.143 0.0838 0.0583 0.0123

The values in parentheses are t values. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.

(DIDxDPI) stands at 0.026, displaying statistical significance at the 5%
level. However, its magnitude is smaller than that of the coefficient
value for the DID variable (DID) in the baseline regression, with a
correspondingly reduced significance level. This suggests that a higher
degree of regional environmental pollution weakens the promoting
impact of the EPLI pilot on green innovation. In other words, as
regional environmental pollution worsens, the efficacy of the EPLI pilot
in driving enterprises’ green innovation diminishes. Secondly, the

TABLE 5 Robustness test-2.

coefficient estimation for the cross-multiplication term of the DID
variable with the binary variable denoting pollution-intensive
industries (DIDxHPI) is —0.006, lacking statistical significance. This
signifies that industry-related pollution has eroded the positive
influence of the EPLI pilot on enterprises’ green innovation. Thirdly,
the coefficient estimation for the cross-multiplier of the DID variable
and the environmental management system (DIDxHERS) is 0.091,
signifying statistical significance at the 1% level. This value surpasses

Variables
DID 0.062*** 0.053** 0.037%%* 0.037%* 0.057** 0.053** 0.037%*
(3.00) (2.52) (3.03) (2.97) (2.16) (2.53) (2.96)
GNP —0.005** 0.004 —0.007** —0.005**
(-2.51) (1.03) (-2.53) (-2.50)
DFR -0.000 —-0.000 —-0.000 -0.000
(-0.61) (~0.36) (-0.24) (-0.61)
DFI 0.102 —0.195%** 0.192** 0.102
(1.24) (-2.70) (2.15) (1.24)
Constant -0.050 0.008 —0.654*** —-0.145 —-0.341 0.683** —-0.145
(-0.57) (0.10) (-4.78) (-1.05) (-0.88) (2.77) (-1.05)
Controls YES YES YES YES YES YES YES
Firm NO NO YES YES NO NO YES
Year YES YES YES YES YES YES YES
Industry YES YES YES NO YES YES YES
Province NO YES YES NO NO YES YES
Observations 10,172 10,172 9,846 9,846 10,172 10,172 9,846
Within R? 0.0521 0.0476 0.00922 0.00962 0.0548 0.0480 0.00962

The values in parentheses are t values. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively.
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TABLE 6 Impact Mechanism Tests.

10.3389/fevo.2023.1294160

()] 2) (3) (4)
External green development mechanism Internal investment efficiency mechanism
Variables
High green development Low green development Underinvestment = Non-underinvestment
Gl Gl Gl Gl
DID 0.049** 0.038"* 0.003 0.050**
(2.50) (2.66) (0.18) (2.76)
(~0.05) (1.34) (2.18) (~0.93)
Constant ~0.7204+ -0.492% ~0.581+ ~0.549*
(-4.18) (-2.92) (-5.18) (-2.70)
Controls YES YES YES YES
Firm YES YES YES YES
Year YES YES YES YES
Observations 4,447 5,123 5,278 4,107
Within R? 0.00877 0.00938 0.00525 0.0102

The values in parentheses are t values. ***, *¥, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Control variables are consistent with model (2).

that of the DID variable in the baseline regression. This implies that a
superior environmental management system aligns with more
environmentally conscious enterprises, thereby enhancing the
effectiveness of the EPLI pilot in promoting green innovation.
Fourthly, the coefficient estimation for the cross-multiplier of the
DID variable and the government’s emphasis on green development

TABLE 7 Moderating effects.

(DIDxDGF) is 0.045, holding statistical significance at the 1% level.
Notably, this coefficient value surpasses that of the DID variable (DID)
in the baseline regression. This underscores that the regional
government’s environmental priorities amplify the impact of the
EPLI pilot in fostering enterprises’ green innovation. The above
regression results validate hypothesis H3.

Variables
DIDxDPI 0.026**
(2.66)
DIDxHPI —-0.006
(-0.34)
DIDxHERS 0.091***
(3.89)
DIDxDGF 0.045%*
(2.36)
Constant —0.638*** —0.610*** —0.617*** —0.642***
(—4.88) (-4.89) (-4.77) (—4.74)
Controls YES YES YES YES
Firm YES YES YES YES
Year YES YES YES YES
Observations 9,137 9,137 9,137 9,137
Within R? 0.00903 0.00850 0.00987 0.00890

The values in parentheses are t values.

ok
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**, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Control variables are consistent with model (2).
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5.3 Corporate governance effects of the
EPLI pilot policy

In this section, we delve into the corporate governance implications
of the EPLI pilot policy. Firstly, government environmental subsidies
wield significant influence over firms’ environmental behaviors and, in
turn, contribute positively to firms’ green innovations (Xia et al., 2022).
In light of this, we recalibrate the DID regressions by incorporating the
environmental subsidy variable (EPS). EPS equals the ratio of
environmental subsidy to total assets. The outcomes of these
regressions are displayed in column (1) of Table 8. Upon analyzing
the regression results, we find that the coefficient estimations for the
DID variable (DID) lack statistical significance, indicating that the EPLI
pilot has no discernible impact on corporate environmental subsidies.
Secondly, green finance policies exert influence over firms’ cost of
capital, consequently affecting both their financial risk (Tian and Pan,
2022) and green innovation. In consideration of this, we introduce the z-
value (Z)*. The regression outcomes for this scenario are showcased in
column (2) of the same table. The results reveal that the coefficient
estimations for the DID variable (DID) are not statistically significant,
indicating that the EPLI pilot does not engender a noticeable impact on
corporate financial risk. Thirdly, external financing serves as a pivotal
conduit for green innovation. Particularly noteworthy is the influence of
the green credit policy, which has accentuated financing constraints for
firms with subpar environmental performance, especially in terms of
bank loans, thereby restricting external financing avenues (Xiang et al,,
2022). To elucidate this, we introduce short-term loans (Sloan) and
long-term loans (LLoan). Columns (3) and (4) showcase the pertinent
regression results. Analyzing these outcomes, we ascertain that the
coefficient estimation for the DID variable (DID) lacks statistical
significance in Column (3), yet holds a significant positive value at
the 1% level in Column (4). This indicates that the EPLI pilot does not
significantly affect firms’ access to short-term loans, but it does facilitate
their attainment of long-term bank loans. Fourthly, existing research
underscores that firms with robust disclosure quality tend to encounter
less pronounced financing constraints about their green innovations,
compared to firms with inadequate disclosure practices. This dynamic is
further accentuated by environmental information disclosure, which
bolsters the domain of green finance (Yu et al., 2021). To reflect this, we
substitute the count of green patents with the disclosure rating (IA). IA
denotes the evaluation rank of information disclosure of listed
companies, which is divided into excellent, good, qualified, and
unqualified four grades, IA equals respectively 3, 2, 1, and 0. Column
(5) in Table 8 illustrates the regression results about the information
governance impact of the EPLI pilot. Analyzing these findings, we
observe that the coefficient estimation for the DID variable (DID) is
significantly positive at the 10% level. This signifies that the EPLI pilot
policy contributes to diminishing corporate information asymmetry.

2 Z=1.2X;+1.4X,+3.3X3+0.6X,+0.999X5. X; represents the ratio of
operating capital to total assets, X, stands for the ratio of retained earnings
to total assets, X5 refers to the ratio of EBITDA to total assets, X, indicates the
ratio of total market capitalization to total liabilities; and X5 denotes the ratio

of operating income to total assets.
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To sum up, the EPLI pilot policy yields non-significant effects
on government environmental protection subsidies, financial risk,
and short-term bank loans. However, it exerts a positive influence
on long-term bank loans and disclosure ratings, indicating the
presence of a long-term financing effect and an information
governance effect stemming from the EPLI pilot.

6 Discussion and conclusion
6.1 Discussion

In this paper, we undertake a comprehensive exploration of the
micro-green effects of the EPLI pilot system. Nonetheless, our study
does acknowledge two inherent limitations: On one hand, our
approach involves constructing a DID model utilizing the EPLI
pilot policy to examine its policy effects. However, this methodology
may not fully capture the entirety of the green financial effects
attributed to EPLI Based on the previous study, future research
could combine the EPLI system with digital green project
investment in enterprises and apply it specifically to the new
energy-driven construction industry (Dong et al., 2023a).

On the other hand, our study employs green innovation as a sole
proxy to gauge enterprises’ green transformation. This approach hinges
upon identifying substantial green transformation based on the
categorization of green patents, which could be considered somewhat
one-sided. Considering these limitations, future research endeavors
could be directed toward addressing these gaps. Firstly, the focus
could shift towards encompassing all insured enterprises, employing
premium data to measure the diverse effects of EPLIL Simultaneously, a
comprehensive assessment of green transformation could be
undertaken from multiple angles, including aspects such as green
investment, social responsibility, ESG scores, and environmental
information disclosure. This holistic approach could ascertain whether
enterprises demonstrate genuine green transformation, while also
investigating potential instances of greenwashing behavior from the
vantage point of environmental performance. Also, future researchers
can analyze the important role of digital technology in industrial
structure upgrading in future research by following (Dong et al., 2023b).

6.2 Conclusion

Addressing the unresolved aspects within existing research
concerning EPLI and its implications for enterprises’ green
transformation, this study employs the 2008 EPLI pilot as an
exogenous event. By treating enterprises within the pilot area as the
experimental group and those outside it as the control group, a quasi-
natural experiment is constructed. Green innovation is utilized as a
proxy variable for gauging green transformation. Employing the
Difference-in-Differences (DID) model, this study scrutinizes the
influence of the EPLI on enterprises’ green transformation. The
outcomes of this study reveal several noteworthy conclusions. Firstly,
the EPLI pilot policy demonstrates a fostering effect on enterprises’
green innovation. This observation retains its significance even after
undergoing a battery of robustness tests. The policy showcases the
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TABLE 8 Corporate governance effects of EPLI pilot policies.

10.3389/fevo.2023.1294160

VARIABLES
DID 0.010 -1.899 0.084 0.016*** 0.029*
(0.67) (-1.09) (1.24) (3.26) (2.09)
Constant -0.101 51.112%* -1.572* -0.082 0.580***

(-1.53) (2.31) (~1.95) (-1.33) (3.89)

Controls YES YES YES YES YES

Firm YES YES YES YES YES

Year YES YES YES YES YES
Observations 9,846 9,842 9,846 9,846 9,846
Within R? 0.00355 0.569 0.572 0.101 0.0181

The values in parentheses are t values. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. Control variables are consistent with model (2).

potential to drive substantial green transformation among enterprises.
Secondly, the EPLI pilot policy positively impacts green innovation by
stimulating regional green development and ameliorating firms’
underinvestment. Thirdly, regional pollution and industrial pollution
act to temper the promotion effect of the EPLI pilot policy on firms’
green innovation. Notably, the degree of firms’ environmental
protection commitment and the environmental concern of local
governments wield considerable influence. A higher level of these
factors strengthens the positive impact of the EPLI pilot policy on
firms’ green innovation. Fourthly, the EPLI pilot policy does not
significantly influence environmental subsidies, financial risks, or
short-term bank loans. Nevertheless, it aids enterprises within the
pilot area in securing long-term bank loans and mitigating information
asymmetry. Consequently, the EPLI pilot policy manifests both long-
term financing implications and information governance effects.

6.3 Managerial implication

For corporate governance, proactive participation in the green
insurance market, coupled with deliberate green transformation, is
advocated. Particularly relevant for enterprises with significant
environmental impact, such as heavy polluters, is the proactive
procurement of EPLI to mitigate environmental risks. Simultaneously,
these enterprises should undertake deliberate efforts to harness green
innovations in their operations, thereby executing effective
environmental governance. This not only elevates their environmental
performance but also enables their engagement in green activities
conducive to green transformation. Such a proactive approach
facilitates the optimization of investment efficiency and the attainment
of green returns, ultimately guiding enterprises towards a trajectory of
sustainable development.

6.4 Practical/social implications

Based on the study’s findings, this paper presents two distinct
policy implications aimed at enhancing EPLI and propelling
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enterprises’ green transformation for practical/social: on the one
hand, there is a call to enhance the enterprise environmental
monitoring mechanism to fully leverage the green governance
potential of EPLI. Policymakers should establish and refine a
comprehensive enterprise environmental monitoring mechanism.
This mechanism should incorporate variable rates tailored to
individual enterprises’ environmental performances. Furthermore,
the establishment of an environmental information-sharing platform
is recommended. By scientifically determining EPLI rates for diverse
enterprises and industries, policymakers can guide these enterprises to
actively participate in the green insurance market. This process will
result in an optimized allocation of market resources, thereby fostering
favorable conditions for the realization of EPLI’s green governance
potential. On the other hand, a robust emphasis on environmental
concern and governance is crucial in facilitating regional green
development. Local governments should recalibrate their approach,
shifting away from exclusive economic development pursuits. Instead,
a stronger emphasis on local green development is advised. This shift
involves intensified efforts in regional pollution control, including
heightened administrative penalties for polluting practices and
increased environmental subsidies for eco-friendly initiatives. These
measures serve to steer enterprises towards engaging in green practices
that ultimately propel green transformation.
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