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Abstract:

Against the backdrop of China’s continued pursuit of high-quality economic development and
the accelerated implementation of its “dual carbon” goals, examining whether green finance
policies can stimulate corporate green innovation is of considerable theoretical and practical
significance. Using data on China’s A-share listed companies from 2010 to 2022, this study
empirically investigates the effects of the Green Finance Reform and Innovation Pilot Zone
policy on corporate green innovation and explores the underlying mechanisms. The main
findings are as follows. First, the policy significantly promotes corporate green innovation,
and this result remains robust after parallel-trends tests, placebo tests, and a series of
additional robustness checks. Second, the policy operates through two main channels:
financial support and information governance. On the one hand, it expands the availability of
green credit and alleviates the financing constraints faced by firms in undertaking green R&D
and project investment. On the other hand, it improves the quality of corporate ESG
disclosure, enhances market transparency, and strengthens external monitoring, thereby
encouraging corporate green innovation. Third, the heterogeneity analysis shows that the
positive effect is more pronounced among state-owned enterprises, larger firms, and firms
operating in heavily polluting industries.

Keywords: Green finance policy; Corporate green innovation; Green credit; ESG disclosure;
China

1. Introduction

Amid the sustained advancement of global economic and social development, the
contradiction between environmental protection and economic growth has become
increasingly prominent, and global climate change has emerged as a major non-traditional
security challenge. Following the signing of the Paris Agreement, the global low-carbon
transition has been accelerated, and advancing green development to achieve sustainable
growth has become a shared priority of the international community. Against such a
backdrop, green innovation, as the core driving force to mitigate environmental constraints
and fuel low-carbon transformation, is growing in strategic importance. Aimed at alleviating
environmental burdens and optimizing resource utilization, green innovation covers multi-
dimensional innovations spanning technology, products, institutions and beyond. It acts as a
vital bridge linking environmental goals with economic activities. Not only does it constitute
a core contributor to global carbon emission reduction, but it also serves as a strategic lever
for all countries to compete in the global green market.

Recent research also examines the coordination of carbon and conventional pollution
reduction. Cai et al. (2026) document spatial and temporal differences in such coordination
and study the role of data element marketization and environmental regulation. Their findings
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highlight the role of information and regulation in environmental governance, providing
related context for evaluating the innovation outcomes of green finance.

As a major carbon emitter, China is confronted with immense pressure to cut emissions
amid the global low-carbon transition, which nevertheless creates vital opportunities for the
green restructuring of its economy. At the 75th Session of the United Nations General
Assembly, China put forward the goal of peaking carbon dioxide emissions before 2030 and
achieving carbon neutrality before 2060, fueling the continuous improvement of its green
financial system. China’s green financial policies have evolved through three distinct stages.
The initial stage began in 2007, when environmental factors were incorporated into credit
policy frameworks. During the nationwide rollout period starting in 2012, commercial banks
vigorously expanded green credit services. The sector entered a phase of rapid development in
2015, when the state issued the Overall Plan for the Reform of the Ecological Civilization
System and proposed establishing a green financial system. The launch of the Green Finance
Reform and Innovation Pilot Zone policy (hereafter, the GFPZ policy) in 2017 marked the
substantive integration of finance and green industries. Nevertheless, the fading demographic
dividend and declining returns on capital have exerted downward pressure on economic
growth, compelling enterprises to shift toward an innovation-driven development model, with
green innovation evolving into a core corporate philosophy. A pure market-oriented
mechanism alone cannot deliver a full-scale green transition; accordingly, green financial
policies are indispensable to advancing the green transformation and sustainable growth of the
economy.

An extensive literature examines green finance and green innovation. Early scholars
focused on the correlation between financial development and environmental quality, before
extending their research to the incentive effect of green finance on green innovation. They
explored how financial development and environmental regulation shape green investment,
providing a basis for research on financing constraints and innovation (Li et al., 2015;
Falcone, 2020). Domestic Chinese studies center on the evolution of China’s green financial
policies and the nexus between green finance and green innovation. Some literature verifies
that green financial policies boost corporate green innovation, while other scholars argue that
green finance may crowd out traditional R&D resources, giving rise to disputes over its
inhibitory effect. Studies of the GFPZ policy also examine corporate innovation and regional
outcomes. Further evidence on its financial and informational pathways and on differences
across firms can help clarify how the policy operates.

Against the backdrop of the “Dual Carbon” goals, the GFPZ policy represents a
pioneering attempt to leverage finance for green transformation, and its effectiveness can
influence the coordinated advancement of ecological environmental protection and high-
quality economic development. At present, corporate green innovation is generally plagued by
financing constraints and high-risk aversion. By innovating financial instruments and
optimizing resource allocation, the GFPZ policy provides an institutional pilot program to
address the aforementioned dilemmas. By exploring the nexus between the pilot zone policies
and corporate green innovation, this paper evaluates the practical enabling effects of such
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policies on enterprises’ green technology R&D and the implementation of environmental
protection projects, identifies areas for optimization in policy enforcement, and furnishes
practical evidence for the nationwide rollout and refinement of relevant policies in China.
Accordingly, this paper carries out the following core research work: First, based on panel
data of China’s A-share listed companies from 2010 to 2022, it empirically tests the overall
impact of the GFPZ policy on corporate green innovation. Second, it dissects the underlying
transmission mechanisms linking the two variables. Third, it tests whether the policy effects
differ across firms by ownership, size, and industry pollution intensity.

This paper makes the following marginal contributions. First, from a theoretical
perspective, it analyzes the impact mechanism of the GFPZ policy on green innovation. By
comparing the gaps between pilot zones and non-pilot zones, this study adds firm-level
evidence on the relationship between green finance and green innovation and informs policy
formulation. Moreover, formal interaction tests clarify how the estimated effects vary across
firm characteristics, complementing the analysis of potential transmission channels. Second,
in practical terms, this research bears twofold practical value. For one thing, it offers guidance
for corporate operations, helping enterprises comply with policy requirements under the Dual
Carbon targets, boost their performance in green technological innovation, and facilitate the
deep integration of economic growth and ecological civilization construction. For another, it
delivers actionable policy recommendations for local governments to advance the
development of the GFPZ policy, enabling green finance to progress from local
experimentation toward wider implementation.

2. Literature review

2.1. Green finance and green financial policy

Green finance refers to financial activities through which the financial sector integrates
socio-economic sustainable development into financial policies during investment, financing
decisions and related financial operations. It directs capital toward environmental protection,
energy conservation, clean energy and other sectors via financial instruments, so as to
conserve and efficiently allocate resources and advance sustainable economic and social
development. Encompassing specific financial products and services, policy frameworks,
market mechanisms and shifts in social philosophies, green finance acts as a core driving
force for global low-carbon transition and ecological civilization construction. The formation
and evolution of this concept have been a gradual process. At the end of the 1990s, academia
began to explore the link between environmental protection and the financial system,
incorporating ecological sustainability into financial research. White (1996) put forward the
concept of environmental finance. Based on this foundation, scholars proposed the definition
of green finance as financial activities that channel capital to energy-saving and
environmental protection sectors and advance sustainable development goals through
optimized allocation of financial resources, which was later widely recognized by academic
circles (Cowan, 1998; Labatt & White, 2002).
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Subsequently, researchers expanded and deepened the connotation of green finance from
diverse perspectives, clarifying its core function: precisely supporting the development of
energy conservation and environmental protection industries with financial tools, coordinating
the allocation of economic resources with ecological protection, and simultaneously fostering
the green transformation of the financial industry itself. As an essential financial service tool,
green finance plays a vital role in sustainable economic growth and low-carbon transition. In
response, the Chinese government launched GFPZ experiments in designated areas of five
provinces. By coordinating fiscal, monetary and other policy tools, the state safeguards the
steady development of green finance, guides the efficient green upgrading of industries, and
injects new momentum into sustainable economic growth.

Driven by the global demand for sustainable development, China has gradually
established a multi-layered system of green financial policies, whose evolutionary path and
implementation effects have become a focal point of academic research. During the initial
exploratory stage, policies centered on the pilot application of single financial instruments.
The issuance of the Green Credit Guidelines in 2012 marked the preliminary formation of the
policy framework. Criscuolo & Menon (2015) examined how environmental policies affect
risk finance in green sectors, offering theoretical support for policy design in this stage.

In the top-level design stage, the proposal of a green financial system in 2015 and the
release of the guiding document by seven central ministries and commissions in 2016 elevated
relevant policies to a national strategy. The G20 Green Finance Study Group (2016)
emphasized the vital role of top-level design in advancing the standardized and systematic
development of green finance, which echoes China’s policy orientation during this period.
The launch and nationwide scaling-up of pilot projects constitute the core link in policy
implementation. Following the launch of the first batch of the GFPZ policy in 2017, the scope
of pilots has been gradually expanded. Labatt & White (2002) discuss environmental financial
products and risk assessment, providing a general basis for understanding financial innovation
in this setting. After 2020, relevant policies entered a refinement phase, and the central bank’s
framework of "Three Core Functions and Five Pillars" further optimized the green finance
system. Nordhaus (2021), in The Spirit of Green, emphasizes the economic importance of
environmental externalities, providing a broader rationale for incorporating environmental
considerations into financial decisions. It also highlighted the significance of policy
effectiveness evaluation, driving China’s green finance to shift from fragmented local
innovations to comprehensive systemic progress.

A separate strand of financial research highlights cross-market risk transmission. Zhang
et al. (2026) analyze global systemic financial risk using time-varying quantile methods,
showing why risk propagation and financial stability deserve attention in the institutional
context of financial reform. This perspective highlights the relevance of financial stability
when designing and implementing green financial reforms.
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2.2. Green innovation

As environmental problems have become increasingly prominent in recent years and the
concept of sustainable development has gained widespread recognition among the public,
scholars have integrated energy conservation and environmental protection into innovation
theories and continuously enriched such theories. The theory of green innovation originated
from the environmental movements at the end of the 20th century. Rennings (2000)
developed the concept of "eco-innovation", which refers to new or improved products,
processes, markets, organizations or institutions designed to mitigate environmental pressures
and optimize resource utilization. The proposal of this concept overcomes the limitation of
traditional innovation theories that prioritize economic growth while ignoring environmental
impacts, shifts innovation research toward the coordinated development of economy and
environment, and lays a core framework for the systematic advancement of green innovation
theories in subsequent studies.

Serving as a bridge linking environmental goals and economic activities, green
innovation encompasses both breakthroughs in tangible technological strengths and
improvements in the intangible institutional environment. It can generate knowledge
spillovers while delivering environmental benefits simultaneously (Aldieri et al., 2019). In
terms of driving mechanisms, green innovation is driven by the "reverse forcing effect" of
environmental regulations and supported by the "incentive effect" of green finance. The
synergistic mechanism formed by these two factors acts as a critical lever to stimulate
enterprises’ vitality in green innovation. Oriented toward sustainable development, green
innovation mitigates the adverse environmental impacts of economic activities through
innovations in technology, products and business models. Boasting dual advantages of
economic development and environmental protection, it constitutes a core pillar for achieving
the Dual Carbon goals.

Green innovation supports carbon reduction through cleaner technologies and more
efficient resource use. The connotation of green innovation covers green technological
innovation and green institutional innovation. As a comprehensive form of innovation, it not
only serves as the core pathway to accomplish the Dual Carbon goals, but also represents a
strategic option for advancing high-quality development and participating in global green
competition (Xu et al., 2024). From a practical perspective, green innovation has become the
core track of global industrial upgrading. Developed countries have gradually built green
competitive advantages by deploying cutting-edge green technologies such as new energy and
carbon capture. Meanwhile, developing countries are accelerating the transformation and
application of green innovation achievements through policy guidance and market cultivation
(Liu & Liang, 2024a).

Supporting green innovation requires coordination among policies, market incentives,
and technology diffusion. This highlights that green innovation is far more than one-
dimensional technological breakthroughs; instead, it represents a systematic project requiring
the linkage of multiple elements including policy, market, technology and capital. Its
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development level directly determines the progress of achieving global sustainable
development goals.

2.3. The impact of green finance on green innovation

As an innovative financial model integrating environmental protection with economic
benefits, green finance pursues both economic and ecological effects simultaneously. Within
the GFPZ policy, green financial products and services launched by financial institutions can
provide financial backing for major initiatives including local environmental governance and
black and odorous water body remediation. Such support fosters economic growth, incubates
emerging industries, and drives high-efficiency local economic development. The majority of
existing studies confirm that green finance exerts a facilitating effect on corporate green
technological innovation. Encompassing diversified instruments such as green credit and
green bonds, these green financial products deliver differentiated financial support tailored to
the heterogeneous innovation demands of enterprises. In particular, they resolve the initial
predicaments of "difficult and costly financing" for small and medium-sized enterprises
(SMEs) conducting green technology R&D, thereby amplifying the enabling effect of relevant
policies on green innovation.

Li et al. (2024b) examine the roles of green finance and green technology in achieving
climate objectives. Li et al. (2024a) provide evidence on regional heterogeneity in green
innovation, while Huang et al. (2022) emphasize spatial and nonlinear relationships. Wang &
Wang (2021) also find that green credit policies promote corporate green innovation. Using a
quasi-natural experiment, Hu et al. (2021) further demonstrate that the green credit policy
significantly stimulates green patent output in heavily polluting enterprises, particularly those
facing stronger financing constraints. Innovation theory highlights technological innovation as
the linchpin of sustainable transition, yet this process requires substantial capital investment.
Given limited fiscal funds from government authorities, green projects struggle to attract
capital from private investors and traditional financial sectors due to modest capital
appreciation potential and substantial latent risks. Accordingly, capital shortage has become a
prominent bottleneck restraining corporate green innovation. Green financial policies are
designed to fill such financing gaps. They ease financing constraints faced by firms engaging
in green innovation through preferential credit terms, low-cost financing and risk-sharing
mechanisms. Beyond that, green finance generates a signaling effect, through which high-
quality green innovators gain market recognition and draw increased social capital inflows.

Tang & Zhang (2020) examine shareholder benefits from green bond issuance, while Li
et al. (2024c) study green finance policy, ESG ratings, and debt costs. These financial
outcomes provide related evidence on how green finance may support corporate investment.
Integrating local economic conditions and resource endowment advantages, the GFPZ policy
steers the allocation of green capital via innovative policy instruments to foster green
innovation. Each pilot zone explores differentiated development paths based on regional
characteristics: resource-dependent regions prioritize capital provision for the green
transformation of traditional industries, while ecologically sensitive zones focus on supporting
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innovative ecological restoration projects. Multiple replicable practical experiences have been
accumulated, further verifying that the promotional effect of green finance on innovation is
context-dependent. Nevertheless, Jiang & Yuan (2025) find that green credit expands the
scale of the real economy while reducing its efficiency, highlighting the distinction between
financing expansion and effective resource allocation.

Meanwhile, some scholars hold opposing views and argue that green finance may crowd
out R&D resources of traditional industries and curb substantial innovation. Relatedly, a
growing strand of literature cautions that policy-induced improvements in corporate
environmental disclosure may partly reflect strategic information disclosure—namely,
"greenwashing"—rather than substantive green innovation (Marquis et al., 2016), and
overlooking such behavior could overstate innovation effects inferred from disclosure-based
measures. Huang et al. (2025) report that the GFPZ policy increases greenwashing, whereas
Tong et al. (2024) find that it reduces ESG greenwashing. Huang et al. (2022) cast doubts on
the nexus between green finance and green technological innovation, documenting that green
finance exerts a distinct nonlinear impact on green technological innovation. At the early
stage of development, constrained by immature development and low resource allocation
efficiency, green finance fails to fully deliver its innovation incentives and may even generate
certain inhibitory effects on green technological innovation in the short run. In addition, other
scholars suggest that multilateral development banks incorporate environmental performance
into financing assessment criteria when providing financial support. As a result, entities with
poor environmental performance receive less credit backing, and capital constraints may
hinder their progress in green technological innovation (Buntaine, 2016). Such enterprises
generally lack accumulated upfront funds for green transition. Tighter credit restricts their
capital input for technological upgrading, creating a vicious cycle that constitutes a practical
contradiction to be resolved during the implementation of green financial policies.

Green finance empowers green innovation through multiple mechanisms, whose core
channels can be summarized into three dimensions: resource allocation, cost mitigation, and
incentive guidance (Liu et al., 2025). In terms of resource allocation, green finance leverages
diversified instruments including green credit and green bonds to channel social capital away
from high-pollution and high-energy-consumption sectors toward green technology R&D and
environmental project construction in a well-organized manner. It provides steady and long-
term financial support for green innovation activities and effectively addresses the widespread
capital shortage dilemma faced by green innovation projects (Wang et al., 2023a; Wang et al.,
2023b; Yuan et al., 2024). From the perspective of cost mitigation, institutional designs such
as differentiated pricing strategies and risk-sharing mechanisms under green finance
substantially cut financing costs and R&D risks of green innovation projects. Such measures
alleviate firms’ financing constraints and fully stimulate their enthusiasm to engage in green
innovation (Wang et al., 2023b; Liu et al., 2025). As for incentive guidance, green financial
policies convey clear policy orientations and market signals to strengthen firms’ awareness of
environmental responsibility, which in turn forces enterprises to voluntarily scale up green
R&D investment. Meanwhile, green finance facilitates industry-university-research
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collaborative innovation, accelerates the commercialization and application of green
technological achievements, and bridges the gap between theoretical R&D and practical
industrial deployment of green innovation (Li et al., 2024a; Liu et al., 2025).

2.4. Summary

Existing studies have conducted comprehensive explorations of green finance and green
innovation. Scholars have clarified that green finance originates from early research on
environmental finance and has gradually formed a mature conceptual connotation.
Specifically, green finance guides capital flows toward environmental protection, energy
conservation, and other green sectors through financial instruments, thereby facilitating the
coordinated development of economic growth and ecological sustainability. The evolution of
the green financial policy system relies on top-level institutional design and regional pilot
practice, and relevant theoretical findings have laid solid foundations for policy formulation.
In parallel, green innovation is derived from the concept of eco-innovation and encompasses
multi-dimensional progress in technological upgrading and institutional optimization. With
dual economic and environmental benefits, green innovation serves as a critical driver for
achieving the dual-carbon goals and advancing global green transition, and has become a core
competition track for global industrial upgrading. Regarding the nexus between green finance
and green innovation, most studies confirm that green finance effectively alleviates corporate
financing constraints and reduces R&D costs through resource allocation optimization and
cost mitigation mechanisms, thereby promoting green innovation performance. Nevertheless,
several studies raise contradictory arguments, suggesting that green finance may crowd out
traditional R&D resources or inhibit corporate green innovation due to tightened credit
screening and capital rationing.

Against this backdrop, this paper provides two contributions to the existing literature.
First, this study systematically analyzes the influence mechanism of the GFPZ policy on
green innovation. By comparing the differences in green innovation performance between
pilot zones and non-pilot zones, this paper adds evidence on the relationship between green
finance and green innovation, informing future policy formulation. Second, this paper
examines differences across ownership, size, and industry pollution groups using formal
interaction tests, enriching the evidence on heterogeneous responses to green finance policies.

3. Theoretical background and hypothesis development

3.1. The impact of green finance policy on corporate green innovation

Compared with conventional technological innovation, green technological innovation is
characterized by large-scale R&D investment, long return cycles, and high operational risks,
which can create financing frictions and underinvestment. Such inherent drawbacks drive
enterprises to pursue sustained and stable financial support, while green financial policies
provide essential capital guarantees for corporate green innovation by broadening external
financing channels. The establishment of the GFPZ policy constructs a comprehensive and
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multi-dimensional support framework for green innovation. In terms of optimizing market-
oriented financing mechanisms, the pilot zones improve the market financing system through
diversified measures, including attracting domestic and foreign green capital investment,
encouraging financial institutions to expand green business layouts, optimizing risk
prevention and control systems, developing green insurance products, and facilitating
corporate green bond issuance (Bhutta et al., 2022; Yan et al., 2022; Hong, 2025). In terms of
local government policy support, the GFPZ policy forms a multi-level policy support network
by integrating preferential fiscal and tax policies, land supply guarantees, and talent
introduction incentives, which effectively alleviates the financing constraints restricting the
development of green technological innovation.

Beyond providing capital guarantees for corporate green innovation through market-
oriented mechanisms and policy incentives, green financial policies can also foster a favorable
institutional environment for green technological innovation from the perspective of industrial
regulation by guiding financial institutions to optimize credit structures. By integrating
environmental governance principles into credit policies and formulating stringent
environmental lending standards, financial institutions constrain the unregulated expansion of
high-energy-consuming and high-emission enterprises. This practice not only mitigates
environmental degradation and promotes the low-carbon transformation of industrial sectors
but also forces traditional enterprises to upgrade their technological paradigms, thereby
generating endogenous demand for green technological innovation. Furthermore, the
establishment of the GFPZ policy further strengthens such policy effects. By concentrating
green financial resources, accelerating the circulation of green capital, and developing
regionally tailored green financial instruments in line with local economic endowments, the
GFPZ policy can mitigate firms’ external financing frictions and provide strong support for
corporate green innovation. Accordingly, this study proposes the following research
hypothesis:

Hypothesis H1: The establishment of the GFPZ policy significantly promotes corporate
green technological innovation.

3.2. The mechanism of green finance policy in influencing corporate green
Innovation

3.2.1 Green finance policy, green credit scale, and corporate green innovation

Guided by the dual-carbon goals, the GFPZ policy stands as a core practical initiative for
the construction of China’s green financial system. By guiding financial resources to prioritize
green sectors, this policy provides crucial support for corporate green innovation. Corporate
green innovation is characterized by large capital input, long investment cycles, and high
operational risks, with financing constraints acting as the core bottleneck restricting its
development. As the core instrument of green finance, green credit serves as a vital linkage
connecting macro green financial policies and micro corporate innovative behaviors (Liu et
al., 2024b). Empowered by targeted policy incentives, the GFPZ policy optimizes regional
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green credit allocation from the supply side and effectively expands the scale of local green
credit supply. The GFPZ policy introduces a series of incentive measures such as green loan
interest subsidies and risk compensation mechanisms, which reduce the risk exposure of
financial institutions in issuing green loans and strengthen their willingness to expand green
credit businesses. Furthermore, by clarifying green-oriented credit guidelines and improving
corporate environmental information disclosure systems, the pilot policies redirect financial
resources from high-pollution and high-energy-consumption industries toward green
innovation projects, thereby directly expanding the overall scale of green credit supply
(Huang & Zhang, 2021).

The expansion of green credit scale can effectively ease the capital constraints of
corporate green innovation and stimulate firms’ innovation motivation. Sufficient green credit
funds provide stable financial support for enterprises’ green technology research and
development, environmental protection equipment upgrading, green product development,
and other green practices, helping firms bear the R&D costs and operational risks throughout
the innovation process. Existing studies have verified that green credit can significantly
improve corporate green technological innovation by boosting firms’ R&D investment (Hu et
al., 2021; Mi et al., 2024). The improvement of environmental information disclosure systems
effectively mitigates information asymmetry between financial institutions and enterprises,
thereby enhancing the allocation efficiency of green credit (Zhang et al., 2025). Meanwhile,
policy incentive measures further eliminate financial institutions’ risk concerns regarding
green credit issuance and promote the aggregation of credit resources toward green industries
(Xu et al., 2023).

In summary, the GFPZ policy facilitates the expansion of regional green credit scale
through policy guidance and incentive arrangements. The increased green credit supply
alleviates capital constraints on corporate green innovation, provides robust financial backing
for firms’ green R&D activities, and ultimately improves corporate green innovation
performance. Accordingly, this study proposes the following mediating hypothesis:

Hypothesis H2: The GFPZ policy enhances corporate green technological innovation by
expanding the scale of green credit.

3.2.2 Green finance policy, ESG disclosure, and corporate green innovation

Guided by the dual-carbon goals, the GFPZ policy represents a pioneering exploration in
the construction of China’s green financial system. By establishing differentiated service
systems and refining incentive and restraint mechanisms for environmental governance, the
policy delivers vital support for the green transformation of enterprises. Corporate green
innovation lies at the heart of low-carbon transition, and its advancement hinges on
guaranteed information transparency. As a core medium for conveying firms ’
environmental, social and governance performance, ESG disclosure acts as a critical bridge
linking green financial policies and corporate green innovation (Xue et al., 2023).
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The GFPZ policy motivates enterprises to strengthen their ESG information disclosure
through multiple channels. Regulations introduced in the pilot zones standardize disclosure
criteria and require financial institutions to incorporate corporate ESG performance into credit
pricing and investment decisions, thereby forming a transmission mechanism of “disclosure
quality — financing cost-development potential” that pushes enterprises to optimize their ESG
disclosure practices. Sun et al. (2023) find that the pilot policy significantly improves
corporate ESG performance, and standardized information disclosure stands out as a key
channel that effectively cuts firms’ institutional disclosure costs and mitigates information
asymmetry. Meanwhile, the GFPZ policy can strengthen external supervision to curb ESG
greenwashing. Tong et al. (2024) find that the reduction in ESG greenwashing is more
pronounced among non-state-owned and heavily polluting firms. However, Huang et al.
(2025) report increased greenwashing, indicating that the effectiveness of the information
channel depends on credible disclosure and monitoring.

Improved corporate ESG information disclosure provides comprehensive support for
green innovation. High-quality ESG disclosure alleviates financing constraints, enables
enterprises to acquire low-cost capital such as green credit, and guarantees sustained
investment in innovative R&D. Meanwhile, it conveys corporate green development concepts
to attract green investors and cooperative partners, and facilitates the incorporation of green
innovation into long-term corporate strategies by optimizing internal governance. Tong et al.
(2024) highlight the role of monitoring in curbing ESG greenwashing, supporting the
importance of credible information in the policy transmission process. Furthermore, ESG
disclosure reduces information asymmetry, lowers the risks and uncertainties of innovation
projects, and stimulates corporate innovation initiatives (Wang & Wang, 2025). Based on the
above theoretical analysis and existing research findings, this study proposes the following
hypothesis:

Hypothesis H3: The GFPZ policy promotes corporate green innovation by improving
corporate ESG information disclosure.

4. Method and data

4.1. Data

This study uses panel data on Chinese A-share listed firms from 2010 to 2022. The data
are primarily obtained from the Wind and CSMAR databases, the China Statistical Yearbook,
the China Environment Yearbook, and listed firms’ annual reports. Information on the GFPZ
policy is compiled from relevant policy documents published on the official websites of
provincial and municipal governments, while green patent data are obtained from the CNRDS
Green Patent Research Database.

Referring to the research of Liew & Cao (2025), this paper screens the sample following
the criteria below: (1) exclude listed firms receiving special treatment (ST, *ST and PT); (2)
eliminate financial listed companies; (3) remove samples with severe missing values of key
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variables. After data matching and screening, a total of 15673 valid observations are finally
obtained.

4.2. Variable selection

(1) Dependent variable: Corporate green innovation (Greenlnno)

Drawing on Li et al. (2024a), this study measures corporate green innovation (Greeninno)
as the natural logarithm of one plus the number of green invention patent applications filed by
a firm in a given year. As a robustness check, the natural logarithm of one plus the annual
total number of green patent grants (Greenlnnol) is used as an alternative measure.

(2) Explanatory variable: the GFPZ policy shock (DID)

The GFPZ policy, established in 2017, represents a key policy initiative by the Chinese
central government to promote the development of green finance. The pilot program initially
covered five provinces—Zhejiang, Jiangxi, Guangdong, Guizhou, and Xinjiang—selected to
reflect regional diversity and different levels of economic development. Within these
provinces, the policy was implemented in selected prefecture-level cities or new districts,
which constitute the treatment group in the empirical analysis. The pilot zones aim to promote
green industrial development through financial innovation and institutional reforms. The
policy introduced a set of mandatory and incentive-based measures in pilot regions, forming
the core policy shock examined in this study.

(3) Mediating variables: Green credit scale (GloanAmount) and ESG disclosure (ESG).

Following the approach proposed by Li et al. (2022), the total amount of green credit is
winsorized by quantiles to mitigate the bias of extreme values. The indicator of green credit
scale is further constructed by taking the natural logarithm of one plus the processed green
credit amount. Hexun ESG Rating is a comprehensive evaluation system covering corporate
environmental, social and governance performance released by Hexun network. It highlights
the completeness and transparency of corporate ESG information disclosure throughout the
assessment. Given its adequate measurement of disclosure performance, this study adopts
Hexun ESG Rating as the proxy variable for the level of corporate ESG information
disclosure.

(4) Control Variables

Referring to Chu et al. (2021) and Xie et al. (2024), this study incorporates firm-level
and city-level control variables. The control variables cover firm size (Size), asset-liability
ratio (Lev), return on total assets (ROA), firm age (FirmAge), firm growth (Growth), cash flow
ratio (Cashflow), board size (Board), and ownership nature (Soe). Detailed definitions of main
variables are presented in Table 1.
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Table 1. Definition of main variables

Variable type Variable name Symbol Declaration
Depepdent Comorate sreen Greenlnno Natural logarithm of (1 + green invention patents)
Variable innovation
Explanatory Green finance .
Variable policy shock DID The GFPZ policy shock
The total green credit amount is winsorized, then
Mediating Green credit scale | GloanAmount the natural logarithm of one plus the processed
Variables value is taken
ESG disclosure ESG Hexun ESG rating index
Firm size Size Natural logarithm of annual total assets
Asse;;[liiblhty Lev Total year-end liabilities / Total year-end assets
Return on total ROA Net profit / Average total assets balance
assets
Control Firm age FirmAge Current year — the firm's founding year
Variables Firm growth Growih Current year operating revenue / Last year
operating revenue — 1
. (Cash and cash equivalents + Marketable
Cash flow ratio Cashflow securities) / Current liabilities
Board size Board Number of board directors
Ownership nature Soe 1 for state-controlled enterprises, otherwise 0

4.3. Model selection

Since 2017, China has established the GFPZ policy and issued a series of supporting
policies within these zones, marking the substantive advancement of integration between the
financial sector and green industries. This paper takes the launch of the GFPZ policy in 2017
as the research policy shock. Based on panel data spanning 2010 to 2022, the difference-in-
differences (DID) method is adopted for empirical analysis. The econometric model is
specified as follows:

Greenlnno,, = a, + a,DID,, + a,Controls, ., +n,+y, + &, (1)

Where Greenlnno;; is the explained variable, representing corporate green innovation
level; DID;, is the core explanatory variable, satisfying DID; =treatment;xpost,. treatment;=1
if the prefecture-level city (autonomous prefecture, prefecture, league) where the firm locates
is designated as a Green Finance Reform and Innovation Pilot Zone during the sample period,
otherwise treatment;=0; post;=1 when >2017, otherwise post;=0 Subscripts i, ¢ and ¢ denote
firm individual, prefecture-level city (autonomous prefecture, prefecture, league) and year
respectively; Controlsi . stands for control variables; #; and y; represent firm fixed effects and
year fixed effects separately; ¢;, is the random disturbance term, and ao, a;, a2 are regression
coefficients of variables. The estimated coefficient a; of the DID interaction term captures the
policy effect. If the policy exerts a positive effect, a; will be significantly positive.
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Furthermore, this paper adopts a two-step approach to construct the following mediating
effect model to explore the specific mechanism, as shown in Equation (2):

Mi,t = ﬂo + ﬁlDIDi,t +ﬂ2C0ntr01Si,c,t Uty o, (2)

Where M, denotes two mediating variables: the scale of green credit and the level of
corporate ESG information disclosure; a;; is the random disturbance term; fo, f1, and f> are
parameters to be estimated.

5. Empirical Results
5.1. Descriptive Statistics

Table 2 presents the descriptive statistics of the main variables. The mean value of
corporate green innovation (Greenlnno) is 0.4176, the median is 0.2483, and the standard
deviation is 0.5562. The minimum is zero and the maximum reaches 5.9723, indicating
substantial variation in green patenting activity across the sample firms. The mean exceeding
the median also suggests that relatively active innovators contribute to the upper part of the
distribution. These differences may reflect firms' technological capabilities, resource
endowments, and industry characteristics, which motivate the subsequent analysis of policy
effects and firm heterogeneity.

The core explanatory variable DID has a mean of 0.1547, indicating that 15.47% of the
firm-year observations correspond to treated firms in the post-policy period. Its standard
deviation is 0.3616, with values ranging from zero to one. Table 2 also presents descriptive
statistics for the mediating variables, green credit scale (GLoanAmount) and ESG
performance (ESG), alongside control variables such as firm size (Size) and the asset-liability
ratio (Lev). These statistics reveal variation in firms’ financial and ESG characteristics,
providing a basis for the subsequent empirical analysis.

Table 2. Descriptive Statistics

Variable Obs Mean SD Min Median Max
Greenlnno 15673 0.4176 0.5562 0.0000 0.2483 5.9723
DID 15673 0.1547 0.3616 0.0000 0.0000 1.0000
GLoanAmount 15673 1.6771 0.6028 0.4238 1.8495 3.3003
ESG 12430 25.0931 16.3160 -14.1800 22.0800 90.8700
Size 15673 22.4278 1.3867 19.7421 22.2082 26.7621
Lev 15673 0.4289 0.2031 0.0313 0.4260 0.9347
ROA 15673 0.0406 0.0594 -0.4143 0.0389 0.2459
FirmAge 15673 10.2588 7.6821 0.0000 9.0000 29.0000
Growth 15673 1.9451 1.2005 0.7920 1.5589 10.4961
Cashflow 15673 0.1979 0.1392 0.0121 0.1588 0.7866
Board 15673 8.5726 1.6835 5.0000 9.0000 15.0000

Soe 15673 0.3781 0.4849 0.0000 0.0000 1.0000
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5.2. Parallel trends test

To examine the parallel-trends assumption of the difference-in-differences model, this
paper estimates the dynamic effects of the GFPZ policy using an event-study specification.
Figure 1 presents the results for 2010-2022, corresponding to event times -7 to +5. The policy
was implemented in 2017 (t=0), and 2016 (t=-1) is the omitted reference year. The model
includes the eight controls and firm and industry-by-year fixed effects, with standard errors
clustered at the firm level. Table A1 in Appendix reports the detailed annual estimates and
sample sizes.

As shown in Figure 1, the pre-policy coefficients fluctuate around zero and are
individually insignificant. Their joint test gives F(6,1886)=1.329 and p=0.2408, supporting
the parallel-trends assumption. Following policy implementation, the estimated coefficients
are positive: the 2017 and 2018 estimates are significant at 10%, and those for 2019-2021 are
significant at 5%. The 2022 estimate remains positive but is not significant. Overall, these
findings support the parallel-trends assumption underlying the DID analysis and indicate
improved corporate green innovation following policy implementation, with the clearest
evidence in the middle of the post-policy period.

C\!_

A

0

Estimated coefficients

Year

Reference: 2016 (t = -1); pointwise 95% confidence intervals.
Joint pre-policy test: F(6, 1886) = 1.329, p = 0.2408.

Figure 1. Parallel trend test

Notes: The omitted reference year is 2016 (t=-1); 2017 is the policy year (t=0). Error bars show 95% confidence
intervals.
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5.3. Baseline regression

The regression results of Equation (1) are reported in Table 3. Column (1) includes firm
and year fixed effects without the additional firm-level controls. The coefficient of the core
explanatory variable DID is 0.0580 and is statistically significant at the 1% level. This
indicates that firms covered by the GFPZ policy experience a greater increase in green
innovation after implementation relative to firms in the comparison group, providing
preliminary evidence of a positive policy effect.

After incorporating the eight firm-level controls in column (2), the DID coefficient
increases to 0.0650 and remains significant at the 1% level. Thus, accounting for differences
in firm size, financial conditions, governance, and other observed characteristics does not alter
the positive relationship. On the basis of column (2), column (3) uses firm-clustered standard
errors to account for possible error correlation within firms over time. The coefficient remains
0.0650, with a standard error of 0.0249, and is still significant at the 1% level. The result
therefore persists when inference allows for within-firm dependence.

Across the three specifications, the estimated policy coefficient is consistently positive.
Together with the parallel-trends evidence, these results support Hypothesis H1 that the GFPZ
policy promotes corporate green innovation.

Table 3. Baseline regression results

. 1 2 3
Variable Gregn)lnno Grein)lnno Gregn)lnno
DID 0.0580%** 0.0650%%** 0.0650%%**
(0.0159) (0.0159) (0.0249)
Size 0.0324%** 0.0324
(0.0089) (0.0228)
Lev -0.2204%** -0.2204%**
(0.0375) (0.0777)
ROA -0.4116%** -0.4116%**
(0.0743) (0.1076)
FirmAge 0.1026 0.1026
(0.0703) (0.0724)
Growth 0.0208*%** 0.0208**
(0.0041) (0.0090)
Cashflow 0.2608*** 0.2608%***
(0.0366) (0.0685)
Board -0.0043 -0.0043
(0.0037) (0.0059)
Soe 0.0699*** 0.0699%*
(0.0233) (0.0316)
_cons 0.4086%*** -1.3414* -1.3414
(0.0039) (0.7437) (0.8479)
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
R 0.6053 0.6093 0.6093
N 15673 15673 15673

Notes: *** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Standard errors are
reported in parentheses. The same notation applies to all subsequent tables.
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5.4. Placebo Test

To further examine whether the baseline relationship could arise from arbitrary treatment
assignments, this paper conducts a placebo test with 1,000 random assignments, as illustrated
in Figure 2. In each repetition, 40 of the 203 prefecture-level units are selected without
replacement, preserving the number of treated units. All firms within a selected unit receive
the same fictitious treatment, while the policy year remains 2017. The sample of 15673
observations, the eight controls, firm and year fixed effects, and the firm-clustered
specification are held constant. Re-estimating the model under these assignments produces a
distribution against which the actual policy coefficient can be compared.Table A2 in
Appendix reports the full set of placebo coefficient quantiles and the additional simulation
results.

The placebo coefficients are distributed around zero, with a median of 0.0055 and 2.5th
and 97.5th percentiles of -0.0801 and 0.0732, respectively. The actual coefficient is 0.065026,
consistent with the rounded baseline estimate in Table 3, and lies in the upper tail of this
distribution. Fifty of the 1,000 placebo coefficients exceed the actual estimate, giving an
empirical right-tail probability of 0.0500, or 0.05095 with the add-one correction. Thus,
similarly large positive estimates occur relatively infrequently under the fictitious assignments,
providing additional support for the baseline finding.

10

Density

-1 -.05 0 .05 A
Estimated coefficient

Placebo estimates — Kernel density

City-level randomization: B = 1000; 40 of 203 sample cities treated per draw; policy year: 2017.

Seed: 20261017 (mt64); right-tail empirical p = 50/1000 = 0.0500.

Dashed line: actual coefficient = 0.0650; placebo P2.5/ P50 / P97.5 = -0.0801 / 0.0055/ 0.0732.
Treatment definition: supplied pilot-province coding; the estimation sample and model are fixed across draws.

Figure 2. Placebo test

Notes: B=1,000 valid reassignments, with 40 of 203 prefecture-level units selected without replacement in each
repetition. The dashed line marks the actual coefficient, 0.0650.
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5.5. Robustness test

(1) Alternative measure of the dependent variable

To assess whether the baseline conclusion depends on the measurement of green
innovation, this paper replaces Greenlnno with Greenlnnol in column (1) of Table 4.
Greenlnnol is defined as the natural logarithm of one plus the annual total number of green
patents granted to the listed firm, including both green invention patents and green utility
model patents. The data are obtained from CNRDS and assigned to the year of authorization.
This measure captures granted innovative output and therefore complements the application-
based indicator used in the baseline regression.

The DID coefficient is 0.0598, with a firm-clustered standard error of 0.0261, and is
statistically significant at the 5% level. The positive effect is therefore maintained when green
innovation is measured by total patent grants. Since applications and grants reflect different
stages of the patenting process, the consistency of their coefficient signs provides evidence
that the main conclusion is not confined to application activity alone.

(2) PPML count-model check

The baseline dependent variable is a logarithmic transformation of patent applications,
whose underlying counts include many zeros. To examine the result under a specification
suited to nonnegative outcomes, column (2) of Table 4 estimates a Poisson pseudo-maximum-
likelihood (PPML) model using the raw number of green invention patent applications
(Santos Silva & Tenreyro, 2006). The model includes firm and year fixed effects and the same
set of controls, with firm-clustered sandwich standard errors. The effective sample contains
7905 observations from 900 firms, including 4876 zero-count observations. Firms with all-
zero outcomes do not contribute to the fixed-effect PPML estimation, so its effective sample
differs from that of the baseline regression.

The DID coefficient 1s 0.4153, with a standard error of 0.1688, and is statistically
significant at the 5% level. Although the coefficient magnitude is not directly comparable
with the log-transformed OLS estimates, its positive sign provides complementary evidence
that the policy relationship is maintained when the outcome is modeled as a patent count. The
result therefore supports the baseline conclusion under a different functional form.

(3) Lagging the control variables

Adopting one-period lagged control variables can mitigate potential bidirectional
causality between the explained variable and control variables to some extent, alleviate
endogeneity concerns in the model, and enhance the robustness of estimation results.
Accordingly, this paper incorporates lagged one-period control variables into the regression
model, with results reported in Column (3) of Table 4. The coefficient of the core explanatory
variable DID is 0.0687 and statistically significant at the 5% level, which is basically
consistent with the baseline regression outcome. In conclusion, lagging control variables by
one period does not alter the primary findings of this paper, further verifying the robustness of
baseline regression results.
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(4) Accounting for the COVID-19 shock

The COVID-19 pandemic exerted widespread impacts on corporate operation and
innovation activities, which may trigger systematic bias in the correlations among research
variables and distort the accuracy of empirical results. The sample period of this paper spans
from 2010 to 2022, while the full-scale outbreak of COVID-19 started in 2020. To eliminate
disturbances induced by the pandemic shock, we exclude observations from 2020 onwards for
robustness testing, with regression results presented in Column (4) of Table 4. The coefficient
of the core explanatory variable DID is 0.0495 and significant at the 5% level, consistent with
the baseline regression. In short, the main conclusions remain valid after dropping pandemic-
period samples, further verifying the strong robustness of baseline estimates.

Table 4. Robustness test results

(1) (2) (3) 4)

Alternative measure

Variable of the d;pendent PPML gﬁ;l:lz_m()del Lag controls éc(;g}t;}r;t}rllg g(;lrotgf
variable
Greenlnnol Greenlnno Greenlnno Greenlnno
DID 0.0598** 0.4153%** 0.0687** 0.0495%*
(0.0261) (0.1688) (0.0278) (0.0212)
_cons -2.3623%** -33.7913%** -2.0689%** 0.3590
(0.4539) (5.8869) (0.8020) (0.6021)
Controls Yes Yes No Yes
Lag Controls No No Yes No
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
R’ 0.7259 -- 0.6489 0.6395
N 15673 7905 12889 10752

Notes: Columns (1), (3), and (4) use OLS with firm-clustered standard errors. Column (2) uses raw green invention
application counts in PPML, with firm-clustered sandwich standard errors. OLS R-squared is not reported for PPML. **%*_ *%*
and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

5.6. Mechanism Analysis

5.6.1 Green credit scale channel

Based on the foregoing theoretical analysis, this paper further examines the green credit
channel through which the GFPZ policy may promote corporate green innovation. Following
Jiang (2022), the mechanism analysis uses Equation (2) to relate the policy indicator to green
credit scale. In column (1) of Table 5, the DID coefficient is 0.0479 and is statistically
significant at the 1% level, indicating that the GFPZ policy is positively associated with green
credit supply.

A plausible explanation is that the GFPZ policy improves the institutional arrangements
for green finance, strengthens financial institutions' incentives to support green activities, and
facilitates the identification of eligible projects. These changes can direct more credit toward
green technology R&D and environmental investment. Compared with conventional
investment, green innovation often requires substantial initial expenditure and involves long
development cycles and uncertain returns. Greater availability of green credit can help firms
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sustain such expenditure, accommodate the time needed for technological development, and
reduce the pressure to abandon projects when internal funds are insufficient. Expanded green
credit may consequently strengthen firms' willingness and capacity to engage in green
innovation. The positive credit response is consistent with Hypothesis H2 and the financial-
support mechanism.

5.6.2 ESG disclosure channel

This paper also examines the information-governance pathway through which the GFPZ
policy may influence corporate green innovation. Column (2) of Table 5 reports the
regression of the Hexun ESG score on the policy indicator using Equation (2). The DID
coefficient is 1.5059 and is statistically significant at the 1% level, indicating an improvement
in firms' ESG-related performance and information environment. The Hexun score is a
composite proxy, so the result concerns the broader ESG information channel.

A plausible explanation is that the GFPZ policy strengthens the role of ESG information
in project screening, credit allocation, and monitoring, encouraging firms to improve the
transparency and completeness of their disclosure. On the one hand, more accessible and
comparable ESG information helps financiers assess green projects’ environmental benefits
and commercial prospects, reducing information asymmetry and project-assessment costs.
This can strengthen financiers’ confidence and improve access to funding for green
innovation. Such financing is particularly important for green R&D projects that require
substantial initial investment and involve long development cycles and uncertain returns. On
the other hand, greater transparency makes firms’ environmental commitments and
investment decisions more observable, strengthening external monitoring and encouraging
substantive innovation activities. To maintain credibility and continued access to green
financing, firms have stronger incentives to sustain green R&D and technological upgrading.
The positive ESG response is therefore consistent with Hypothesis H3 and the proposed
information-governance mechanism.

Table 5. Mechanism test

(D (2)
Variable Green credit scale channel ESG disclosure channel
GLoanAmount ESG
DID 0.0479%*** 1.5059%**
(0.0146) (0.4012)
_cons -3.2545%%* -89.3321%**
(0.5117) (7.5594)
Controls Yes Yes
Firm FE Yes Yes
Year FE Yes Yes
R’ 0.8286 0.6175
N 15673 12430

Notes: *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.
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5.7. Heterogeneity Analysis
5.7.1 Ownership heterogeneity

Corporate ownership may influence firms’ access to financial resources and their ability
to respond to policy incentives. To formally examine ownership heterogeneity, this paper
adds the interaction term DID X Soe to the baseline model. This term is constructed by
multiplying the policy indicator DID by Soe, which equals one for state-owned firms and zero
for non-state-owned firms. The coefficient on DID therefore captures the policy effect for
non-state-owned firms, while the sum of the coefficients on DID and DID X Soe captures the
effect for state-owned firms. The interaction coefficient directly measures the between-group
difference. Columns (1) and (2) of Table 6 report an estimated effect of 0.1349 for state-
owned firms, significant at the 1% level, and 0.0407 for non-state-owned firms, which is
statistically insignificant. The interaction coefficient is 0.0942, with a Wald test yielding
F(1,1886)=4.3067 and p=0.0381, indicating a significantly stronger policy effect among state-
owned firms at the 5% level.

One possible explanation is that state-owned enterprises have more established
relationships with financial institutions and greater capacity to coordinate green investment
with policy objectives. Their organizational resources may also help them prepare eligible
projects, meet green financing requirements, and maintain investment over lengthy
development cycles. These conditions can make it easier to translate policy support into green
patenting activity. Non-state-owned enterprises may face greater difficulty obtaining suitable
finance or supplying the information required for project assessment, which can limit their
ability to respond. The ownership comparison thus suggests that the effectiveness of green
financial support depends partly on firms' capacity to obtain and deploy the resources made
available by the policy.

5.7.2 Firm size heterogeneity

Firm size may influence resource endowments, project implementation capacity, and
access to external finance. This paper classifies firms using the mean of their annual Size
values over 2010-2022, where Size is the natural logarithm of total assets. Firms at or above
the median of these firm-level means, 22.0181, are classified as large, and the remainder as
small, yielding 944 large firms and 943 small firms. To test size heterogeneity, the interaction
term DID X Large is added to the baseline model, where Large equals one for large firms and
zero for small firms. The coefficient on DID captures the policy effect for small firms, while
the sum of the DID and interaction coefficients gives the effect for large firms. Columns (3)
and (4) of Table 6 report an estimated effect of 0.1752 for large firms, significant at the 1%
level, and -0.0535 for small firms, which is statistically insignificant. The interaction
coefficient is 0.2287, with a Wald test yielding F(1,1886)=32.1441 and p<0.0001, indicating a
significantly stronger policy effect among large firms at the 1% level.

A plausible interpretation is that large enterprises possess more financial resources,
specialized personnel, and experience in project management, enabling them to undertake the
substantial initial investment required for green innovation. More developed governance and
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reporting arrangements may also help them satisfy lenders' assessment requirements and
obtain green financial support. Smaller firms can face narrower financing channels and
greater difficulty spreading the costs of technological development across multiple projects,
which may constrain their response to the policy. The group indicator remains fixed
throughout the sample, while annual continuous Size remains a control. Under this
classification, the results show a clearer innovation response among large firms; the
statistically insignificant small-firm estimate does not establish an adverse policy effect for
that group.

5.7.3 Industrial pollution intensity heterogeneity

Industries differ in environmental regulatory pressures, technological conditions, and the
investment required for green transformation. Following Pan et al. (2019) and the listed-
company industry classification framework (China Securities Regulatory Commission, 2012),
this paper classifies firms into heavily polluting and other industries using their annual
industry codes. The complete names and codes of the 15 heavily polluting industries are
reported in Table A3 in Appendix. To examine industry heterogeneity, the baseline model is
augmented with an industry-group indicator (Heavy) and the interaction term DID x Heavy,
where Heavy equals one for firms in heavily polluting industries and zero otherwise. The
coefficient on DID captures the policy effect for firms in other industries, while the sum of the
DID and interaction coefficients gives the effect for heavily polluting firms. The interaction
coefficient directly measures the between-group difference. Columns (5) and (6) of Table 6
report an estimated effect of 0.1336 for heavily polluting firms, significant at the 1% level,
and 0.0465 for firms in other industries, which is statistically insignificant. The interaction
coefficient is 0.0871, with a Wald test yielding F(1,1886)=3.2541 and p=0.0714, indicating a
significantly stronger policy effect among heavily polluting firms at the 10% level.

The stronger estimated response among heavily polluting firms may reflect their greater
need for technological upgrading under environmental regulation. Replacing pollution-
intensive processes and developing cleaner technologies can require substantial financing,
making green financial support particularly relevant to these firms' investment decisions. The
GFPZ policy may help connect their upgrading needs with financial resources and encourage
innovation that supports compliance and longer-term transformation. Firms in other industries
can also benefit, but their technological adjustment needs and reliance on policy-supported
finance may differ. Since the interaction provides weaker evidence than the ownership and
size comparisons, the industry result is interpreted as a qualified indication of heterogeneity
rather than an equally strong pattern across all three dimensions.

Table 6. Heterogeneity analysis

(M @ €) (4) ©) (6)

Variable SOEs non-SOEs  Large-scale  Small-scale Heav¥ly Non-he'fwﬂy
polluting polluting

DID 0.1349%%* 0.0407 0.1752%%* -0.0535  0.1336%** 0.0465
(0.0424) (0.0282) (0.0318) (0.0326) (0.0448) (0.0283)

Controls Yes Yes Yes Yes Yes Yes
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Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Difference p 0.0381 <0.0001 0.0714
R’ 0.6096 0.6113 0.6096
N 15673 15673 15673

Notes: Each adjacent pair of columns reports group-specific effects from one pooled interaction model. R-squared, N,
and the difference-test p-value are shared within each pair. The difference p-value comes from the Wald F test of the DID-by-
group interaction. ***, **_ and * denote two-sided significance at 1%, 5%, and 10%, respectively.

6. Conclusions and policy implications

6.1. Conclusions

Against the critical backdrop of advancing high-quality economic development and
accelerating the implementation of the “Dual Carbon” goals in China, exploring how green
financial policies can effectively stimulate corporate green innovation constitutes an important
research topic with both theoretical value and practical implications. Based on panel data of
Chinese A-share listed firms spanning 2010 to 2022, this paper systematically examines the
impact and underlying mechanisms of the GFPZ policy on corporate green innovation, aiming
to provide empirical evidence for green finance to empower corporate green innovation. The
major findings are summarized as follows:

First, the GFPZ policy significantly promotes corporate green innovation. The positive
relationship remains after accounting for firm characteristics and within-firm error correlation.
The parallel-trends test supports the identifying assumption, while the placebo exercise
provides additional evidence for the baseline finding. The conclusion is also maintained when
innovation is measured using green patent grants, when raw patent counts are estimated using
PPML, when control variables are lagged, and when the pandemic years are excluded.
Together, these results support the role of green finance reform in encouraging corporate
green technological development.

Second, the mechanism analysis suggests two complementary pathways: financial
support and information governance. The policy is positively associated with green credit
supply and firms' Hexun ESG scores. Expanded green credit can help firms sustain
investment in green R&D and projects, while an improved ESG information environment can
support project assessment, market transparency, and external monitoring. These findings are
consistent with the proposed mechanisms and suggest that financial resources and information
conditions jointly matter for firms' capacity to undertake green innovation.

Third, the policy effect varies across firms with different ownership, size, and industry
characteristics. The interaction models indicate a more pronounced effect on corporate green
innovation among state-owned enterprises, larger firms, and firms in heavily polluting
industries. These findings suggest that institutional relationships, resource capacity, and
technological upgrading needs shape firms’ responses to green financial support and should
be considered when designing policies for different groups of enterprises.
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6.2. Policy implications

Based on the research conclusions of this paper, the following targeted policy
recommendations are put forward:

First, continuously advance the construction of the GFPZ policy and scale up green
financial policy support. The findings suggest that the GFPZ policy can significantly boost
corporate green innovation. Governments should further optimize institutional arrangements
and policy implementation mechanisms within the GFPZ policy, improve a diversified green
financial product system including green credit, green bonds and green funds, and expand the
coverage of green finance to provide sustained policy support. In addition, stronger
coordination among local governments, financial regulators and financial institutions should
be established to improve the allocation efficiency of green financial resources, so as to
improve the guiding and supporting effects of green finance on corporate green innovation.

Second, smooth financing channels for green innovation and improve information
disclosure and supervision. The channel results are consistent with financial-support and
information-governance pathways. Financial institutions ought to increase credit supply for
green innovation projects, streamline the identification and approval procedures of green
projects, and lower financing barriers for corporate green technology R&D and green
investment. Meanwhile, authorities should standardize corporate ESG information disclosure
rules to improve disclosure uniformity and transparency, tighten external supervision, and
strengthen the capital market’s capacity to identify and reward corporate green innovation
activities. In this way, a dual-driving system integrating capital support and information
governance can be formed.

Third, differentiated green financial services should accommodate firms’ varying
capacities and investment needs. The interaction results indicate stronger policy responses
among state-owned enterprises, larger firms, and firms in heavily polluting industries.
Accordingly, policymakers should improve access to green finance and project-assessment
services for non-state-owned and smaller firms, while providing tailored financial support for
technological upgrading and cleaner production in heavily polluting industries. Financial
support should consider project viability and environmental benefits alongside firms’
ownership, size, and industry characteristics, helping green financial resources reach projects
with substantive innovation potential.
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Appendix. Supplementary definitions and diagnostics

Table Al. Event-study estimates and annual sample support

Year t  Estimate (SE) Pointwise 95% CI p N Treated N

2010 -7 -0.0189 [-0.0894, 0.0516] 0.5985 793 235
(0.0359)

2011 -6 0.0272 [-0.0455, 0.0998] 0.4633 916 278
(0.0370)

2012 -5 0.0366 [-0.0271, 0.1003] 0.2595 969 294
(0.0325)

2013 -4 0.0002 [-0.0571, 0.0574] 0.9956 962 286
(0.0292)

2014 -3 -0.0497 [-0.1241, 0.0246] 0.1895 959 292
(0.0379)

2015 -2 0.0047 [-0.0413, 0.0507] 0.8417 1080 334
(0.0235)

2016 -1 0 (reference) Not estimated Not tested 1126 351

2017 0 0.0515 [-0.0004, 0.1035] 0.0516 1236 402
(0.0265)

2018 1 0.0533 [-0.0032, 0.1098] 0.0646 1337 360
(0.0288)

2019 2 0.0851 [0.0273, 0.1430] 0.0040 1424 396
(0.0295)

2020 3 0.1082 [0.0474, 0.1690] 0.0005 1488 382
(0.0310)

2021 4 0.1272 [0.0640, 0.1903] <0.0001 1665 433
(0.0322)

2022 5 0.0383 [-0.0335, 0.1100] 0.2955 1683 451
(0.0366)

Table A2. Placebo coefficient quantiles

Percentile Placebo coefficient

1.0 -0.095289

2.5 -0.080114

5.0 -0.067921
25.0 -0.024782
50.0 0.005476
75.0 0.032742
95.0 0.064883
97.5 0.073178
99.0 0.086544
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Table A3. Complete heavily polluting industry list

Code Industry

B06 Mining and washing of coal

B07 Extraction of petroleum and natural gas

B08 Mining and processing of ferrous metal ores

B09 Mining and processing of non-ferrous metal ores

C17 Manufacture of textiles

C19 Manufacture of leather, fur, feather products and footwear
C22 Manufacture of paper and paper products

C25 Processing of petroleum, coking and nuclear fuel
C26 Manufacture of raw chemical materials and chemical products
C28 Manufacture of chemical fibers

C29 Manufacture of rubber and plastic products

C30 Manufacture of non-metallic mineral products

C31 Smelting and rolling of ferrous metals

C32 Smelting and rolling of non-ferrous metals

D44 Production and supply of electricity and heat




