A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Sun, Guanglin; Feng, Qinyao; Wu, Shanshan; Xia, Chuanxin

Article
The impact of China's green credit policy on the innovation
of manufacturing enterprises

Journal of Innovation & Knowledge (JIK)

Provided in Cooperation with:
Elsevier

Suggested Citation: Sun, Guanglin; Feng, Qinyao; Wu, Shanshan; Xia, Chuanxin (2025) : The impact of
China's green credit policy on the innovation of manufacturing enterprises, Journal of Innovation &
Knowledge (JIK), ISSN 2444-569X, Elsevier, Amsterdam, Vol. 10, Iss. 3, pp. 1-14,

https://doi.org/10.1016/j.jik.2025.100714

This Version is available at:
https://hdl.handle.net/10419/327615

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen

Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,

gelten abweichend von diesen Nutzungsbedingungen die in der dort

genannten Lizenz gewahrten Nutzungsrechte.

@ https://creati /licenses/by-nc-nd/4.0/
WWW.ECON5TOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1016/j.jik.2025.100714%0A
https://hdl.handle.net/10419/327615
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Journal of Innovation & Knowledge 10 (2025) 100714

JOURNAL Contents lists available at ScienceDirect

Journal of Innovation & Knowledge

OF
INNOVATION &
knowledge

journal homepage: www.elsevier.com/locate/jik

Journal
Innovation
Knowledge

The impact of China’s green credit policy on the innovation of
manufacturing enterprises

a,b

. . a c . . od.

Guanglin Sun®", Qinyao Feng®, Shanshan Wu “, Chuanxin Xia

@ School of Finance, Nanjing University of Finance and Economics, Nanjing 210023, China

b Collaborative Innovation Center for Emissions Trading System Co-Constructed by the Province and Ministry, Wuhan 430205, China
¢ Department of Poltical Economy, Duke Kunshan University, Kunshan 215300, China

d Chinese Academy of International Trade and Economic Cooperation, Beijing 100710, China

L))

Check for

updates

ARTICLE INFO

JEL classification:

co1

C50

Keywords:

Porter effect

Green credit policy
Highly-polluting enterprises
Corporate innovation

ABSTRACT

This study empirically investigated the effects of green credit policies on corporate innovation in China, utilizing
panel data for A-share listed manufacturing companies from 2008 to 2022. The analysis employed double-
difference models, with the 2012 introduction of the Green Credit Guidelines treated as an exogenous shock.
Green credit schemes were found to restrict innovation among more heavily-polluting enterprises. In terms of
mechanisms, financial constraint effects outweighed the Porter effect, with heightened financial limitations
imposed by green credit schemes driving the observed decrease in corporate innovation. Additionally, the degree
of local financial development was found to strongly mediate how green credit policies impacted innovation-
related investments, while government subsidies and internal investment levels exacerbated the negative ef-
fects of green credit schemes on innovation. Green credit-related declines in innovation within heavily polluting
industries were exaggerated for privately owned versus state-owned enterprises. Similarly, technology-intensive
enterprises, those operating in highly competitive markets, and those less-dependent on human labor also
experienced greater reductions in innovation. Finally, green credit-related declines in innovation were most
severe for enterprises located in the Central Region of China.

Introduction

The construction of an ecological civilization and sustainable eco-
nomic development are intricately interconnected. China, as an impor-
tant developing nation, faces both ecological and environmental
challenges that directly impact the well-being of hundreds of millions of
individuals. As China’s economic system undergoes reform, it has ach-
ieved significant developmental milestones, yet new challenges are
emerging, including natural resource scarcity, environmental vulnera-
bilities, and limited environmental capacity (Primario et al., 2024).
Hence, finding an effective balance between economic development and
environmental protection has emerged as a top concern in swiftly
industrializing nations such as China. Enterprises, as significant pol-
luters, should proactively incorporate green development standards into
their commercial and production operations (Wu et al., 2021; Zhao
et al.,, 2024). Innovation is a crucial factor allowing businesses to
enhance both their economic and environmental performance. In the
current era, which is characterized by swift transformations, innovation
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has become an essential and irreplaceable source of competitive
advantage for organizations. To distinguish themselves in a highly
competitive market and achieve long-term economic growth, enter-
prises must engage in ongoing innovation to adapt to changing market
needs. Nevertheless, due to the presence of significant externalities,
substantial investment requirements, and considerable risks,
profit-oriented enterprises may be hesitant to adopt green innovations
without external regulatory involvement. Hence, the promotion of
corporate innovation as a green management practice has become a
necessity.

Environmental regulations can serve as a means for the government
to encourage enterprises to adopt best management practices. Conse-
quently, the Chinese government has enacted a range of proactive
environmental regulatory policies; among the numerous laws and reg-
ulations, the Green Credit Guidelines of February 2012 represent a key
example. Green credit is a crucial component of green financial systems,
and policymakers worldwide have become interested in effectively uti-
lizing this market-oriented policy instrument (Chen et al., 2022). Green
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credit represents a significant policy innovation that encourages busi-
nesses to actively engage in environmental governance, while facili-
tating economic transformation and other structural adjustments. Green
credit policies differ from conventional environment-related regulatory
policies by integrating government regulation with market incentives;
these policies utilize both command-and-control measures and
incentive-based approaches (Xing et al., 2020). Due to the incomplete
development of China’s capital market in terms of resource allocation,
bank loans remain the primary method of external financing for enter-
prises. Historically, banks have typically relied on hard information for
assessing creditworthiness, including factors like the number of assets
and profitability as disclosed in clients’ financial accounts (Lu et al.,
2021). Soft indicators, such as energy efficiency and green development
standards, were frequently disregarded or undervalued (Wei & Sun,
2021). Corporate green management practices are unavoidably influ-
enced by bank credit rules. It remains unclear how green credit regu-
lations impact the extent of business innovation, which serves as a
significant means to enhance corporate management practices.

At present, the literature on the economic repercussions of green
credit schemes is divided based on two primary hypotheses. One
perspective is grounded in neoclassical economic theory, which posits
that environmental regulation leads to an escalation in the expenses
associated with adhering to environmental standards. Environmental
regulation therefore decreases enterprises’ willingness to make different
choices and thereby reduces flexibility with management practices
(Rubashkina et al., 2015; Stucki et al., 2017). The second perspective,
referred to as the Porter effect, posits that carefully crafted environ-
mental regulations can encourage enterprises to adopt environmentally
friendly management practices, thereby offsetting a portion or even the
entirety of the expenses incurred (Hu et al., 2021; Wei & Sun, 2021).
Hence, key questions remain regarding the impact of green credit pol-
icies on innovation (Wei & Sun, 2021), as well as the underlying
mechanisms shaping policy effects.

This study systematically examined the mechanisms shaping green
credit policy effects on innovation among heavy polluters, employing
the 2012 Green Credit Guidelines as a quasi-natural experiment,
alongside data from Chinese A-share listed manufacturing firms from
2008 to 2022; a difference-in-differences model was utilized. The study
contributes to the existing literature by providing an in-depth investi-
gation of the relationship between the implementation of green credit
policies and corporate innovation within the Chinese context. Prior
work has predominantly examined the impact of green credit policies on
corporate emissions, focusing on carbon emission reductions (Li et al.,
2018; Xing et al., 2020) and financing costs (Yan et al., 2020; Chai et al.,
2022). In this study, innovation was integrated into the research
framework concerning green credit policy effects and correlations be-
tween policy implementation and innovation were examined. This
approach enhances our understanding of how green credit policy
implementation impacts firms from a micro-entity perspective, broad-
ening our perspective of environmental regulatory instruments and
serving as an additional reference for evaluating the impacts of green
credit policies post-implementation. In this study, the role of green
credit policies in potentially restricting innovation in significantly
polluting industries was rigorously examined from four perspectives:
financing limitations, financial development, government subsidies, and
investments. A heterogeneity analysis was performed to examine the
role of diverse factors on micro-level impacts of green credit policy
implementation, finding significant effects of competition, firm owner-
ship, geography, labor intensity, and technology intensity. Overall, this
study broadens our understanding of how green finance policy in-
fluences company innovation.
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Literature review
Determinants of corporate innovation

Innovation represents the fundamental competitive advantage of any
enterprise, with innovation and development being interdependent and
inseparable. The determinants of enterprise innovation can be catego-
rized into internal and external factors. Internal factors pertain to an
enterprise’s intrinsic elements, including available natural resources,
employee motivation, organizational structure and culture, ownership
configuration, and talent composition. External factors encompass
macro-political and market influences, such as governmental policies,
market conditions, public market interest, and social resources.

Tax incentives may render firms better able to manage costs associ-
ated with investments in innovation, while higher returns on innovation
also mitigate its risks to some degree (Rao, 2016). Corporate investment
in innovation is regulated by the government at the macro level and also
shaped by individual actions. For example, Chen et al. (2017) discovered
that national cultures characterized by greater individualism exhibit a
stronger pursuit of profit, resulting in enhanced innovation efficiency,
while Guo et al. (2018) showed that analyst involvement stimulates
firms to pursue innovation activities. An integrated model formulated to
assess the influence of robust environmental regulations on corporate
technological innovation (He et al., 2020) suggested a positive rela-
tionship between the two, while also identifying that financing can have
substantial crowding-out effects on technological innovation. Similarly,
Allen et al. (2021) showed that a robust financial regulatory framework
can enhance creative activities, while Dai et al. (2020) showed that
media reports can exert subtle pressure on managers, reducing invest-
ment in new initiatives. Related investigations at the market level have
found that greater industry competition compels firms to enhance their
innovation efficiency to avoid rivalry with other industry participants
(Oware, 2021). Furthermore, this escape-from-competition effect is
observed exclusively among firms possessing R&D capabilities.

In addition to external factors, internal factors may affect enterprise
innovation. The existing literature shows an inverse relationship be-
tween the financing constraints faced by enterprises and levels of
innovation. To address these constraints, Ayyagari et al. (2011) exam-
ined how diverse funding channels might provide options for firms to
minimize costs, hence fostering innovative development. Employee
equity incentives may also enhance motivation for innovation, thereby
fostering corporate innovation development. Furthermore, foreign
shareholding can facilitate the swift dissemination of technology
externally; therefore, enhancing the employee experience may elevate
an enterprise’s technological capabilities and foster innovation (Luong
etal., 2017). By examining data from publicly traded corporations in the
United States, Miller et al. (2022) found that a deficient internal control
environment adversely affects the capacity of an enterprise to engage in
creative activities. In addition, both internal talent and digital infra-
structure are essential prerequisites for digital transformations to posi-
tively influence innovation (Sun, Fang, Li, & Wang, 2024b). Finally,
strong environmental, social, and governance performance can enhance
an enterprise’s innovation output (Kong et al., 2022).

Green credit policies and business innovation

Research to date examining how green credit policies influence
corporate innovation has been shaped by three alternate viewpoints.
The first, the Porter effect, posits that green financing rules stimulate
enterprises to participate in innovative activities. The Porter effect
highlights the compensatory aspects of corporate innovation and posits
that sensible environmental regulations should enhance long-term ca-
pacity for scientific and technological innovation. Many studies have
examined the validity of the Porter effect. For example, Zhang et al.
(2024a) showed that green credit policies can enhance investment ef-
ficiency by reducing mean investment size in heavily polluting
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enterprises. Additionally, highly polluting enterprises, as opposed to
non-polluting enterprises, are more inclined to be innovative due to
financing constraints and the required disclosure of environmental data
(Jiang & Ma, 2024). Highly polluting enterprises are therefore moti-
vated to improve their environmental performance as a result of green
credit laws. This is because polluting enterprises face limitations in
obtaining funding and are also required to disclose information about
their environmental impact. In contrast, non-polluting enterprises do
not face the same pressures. As a result, polluting enterprises have
experienced notable enhancements in performance (Zhang et al., 2024),
primarily due to heightened innovation and decreased operational ex-
penses. In recent years, the green innovation capability of enterprises
has grown as a result of the reinforcement of green credit policies (Kong
et al., 2024; Qiu & Yu, 2024).

The second viewpoint is that the implementation of green credit
policies may create complications for businesses, such as higher ex-
penses and challenges in securing funding, which limit their ability to
invest in new endeavors. This phenomenon was illustrated by Zhang
et al. (2022) who analyzed the financial data of A-share listed corpo-
rations from 2009 to 2015. The adoption of the green credit policies was
shown to effectively restrict the financing and investment activities of
heavily polluting enterprises. Similarly, the introduction of green credit
policies may have a detrimental impact on digital innovation (Lu et al.,
2023). This is because these policies impose financial limitations on
businesses and reduce investment in research and development (R&D),
thereby impeding digital innovation. In a study conducted by Tian et al.
(2024), the influence of green credit regulation on the effectiveness of
enterprises’ green investment was assessed. Green credit policies were
found to mitigate overinvestment by impacting financing constraints
and to address underinvestment through commercial credits. In a recent
study of green credit policy impacts on significantly polluting enter-
prises, these policies were found to hamper digital transformation by
imposing stricter financial limitations on enterprises and reducing their
investments in innovation. Green credit policies have discernible im-
pacts on different types of green innovations (Lin et al., 2023). They may
hinder basic green innovations while promoting strategic green in-
novations among heavily polluting enterprises. Similarly, green credit
policies can adversely affect the quantity and quality of green in-
novations when enterprises are constrained by green credit (Yin et al.,
2023). This is due to the suppression of corporate debt financing.

The relationship between green credit policies and innovation in-
vestment is nonlinear. For example, Chen et al. (2019) utilized panel
data from 24 environmental enterprises listed on the Shanghai and
Shenzhen stock exchanges between 2012 and 2017. Their objective was
to analyze the association between green credit and corporate R&D
using a threshold model. A favorable nonlinear correlation was found
between green credit and the extent of company R&D, with the location
of the threshold influenced by factors such as bank loans, firm size, and
government subsidies.

Theoretical analysis and research hypothesis
Institutional background

With the rapid growth of the global economy, environmental con-
cerns have become increasingly dire, and the concept of a green econ-
omy is consequently garnering political attention (Yu & Cao, 2024). The
Equator Principles were adopted in 2003 by a consortium of 10 promi-
nent institutions, including ABN AMRO and Citibank. Following these
Principles, funds related to environmental protection, social re-
sponsibility, and other relevant activities are managed in accordance
with the environmental protection guidelines of the World Bank and the
Social Responsibility Policy of the International Finance Corporation.
China’s green finance development model is primarily driven by green
credit policies. Since 2007, the Chinese government has actively
advanced the use of environmentally friendly credit practices, including
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green taxation, procurement, and credits (Aizawa & Yang, 2010).
Among these strategies, green credit regulations are considered the most
sophisticated. In 2016, China proposed the creation of a G20 Green
Finance Study Group, with the aim of tracking the global development of
green finance and encouraging environmental best practices among
international financial institutions. Presently, both the Chinese gov-
ernment and financial institutions are increasingly drawing attention to
environmental concerns, suggesting a range of incentives to stimulate
investment into environmentally friendly initiatives.

Fig. 1 and Fig. 2 illustrate green credit balances and green credit
ratios for China’s six largest state-owned commercial banks, namely the
Agricultural Bank of China, Bank of China, Bank of Communications,
China Construction Bank, Industrial and Commercial Bank of China, and
Postal Savings Bank of China, from 2013 to 2022. During this period, the
green credit ratio steadily increased year after year. The Industrial and
Commercial Bank of China showed the highest green credit balance in
2022, surpassing RMB four trillion; additionally, its green credit ratio
was also maximized in 2022, reaching 17.1 %.

Theoretical mechanisms

Immediate impacts of green credit programs on corporate innovation

Credit facilities are crucial for most businesses to guarantee the
smooth operation of their production facilities and innovation en-
deavors. Green credit, a type of environmental regulation, may stimu-
late corporate innovation through what is known as the Porter effect.
The implementation of green credit policies may stimulate innovation in
heavily polluting enterprises through external financing pressure and
enhancing potential gains from innovation. This is because, after the
implementation of green credit policies, banks will include environ-
mental protection requirements in their credit access standards. As a
result, heavily polluting enterprises will be compelled to address envi-
ronmental issues in order to continue receiving credit from banks.
Failure to do so will result in the loss of credit support, significantly
impacting operations. Enterprises facing significant pressure go meet
credit rules may increase their investment into innovative projects and
technological advancement, as well as upgrade their production
methods and technology to effectively reduce pollution levels
throughout the manufacturing process. Those enterprises making such
changes and upgrades are more likely to receive favorable treatment
from the financial market than other more polluting enterprises in the
same industry. This includes gaining access to more bank loans and
achieving higher stock market valuations. These financial benefits can
provide ample funds for further development, creating a positive cycle
and strengthening a given enterprise’s competitive edge.

The adoption of a green credit program could alternatively impose a
financial constraint effect on innovation by significantly polluting enter-
prises. Due to growing public awareness and governmental focus on
environmental conservation, the lending risks banks face in regards to
highly polluting enterprises have increased, thereby impacting the
credit decision-making process. Enterprises that are significant sources
of pollution are likely to face strong public scrutiny and will inevitably
face legal action and/or administrative sanctions. This will not only
increase the likelihood of borrowers defaulting on bank loans but also
harm the reputation of the lending banks. Consequently, banks must
now consider environmental risks when deciding on loans and conduct
more rigorous evaluations for highly polluting enterprises. This leads to
the creation of a financial constraint effect, whereby such enterprises are
hampered in their ability to innovate. In this study, these alternate hy-
potheses (H1la and H1b) are considered.

H1a: The adoption of green credit policies will enhance innovation among
industries that are major pollution sources.

H1b: The adoption of green credit policies can impede innovation among
industries that are major pollution sources.
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Fig. 1. Green credit balances of China’s six largest state-owned commercial banks from 2013 to 2022.
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Fig. 2. Green credit ratios of China’s six largest state-owned commercial banks from 2013 to 2022.

Theoretical mechanisms regarding financing constraints

Following the principles of sustainable development, the govern-
ment, as a macro-regulator, should prioritize green and low-carbon
initiatives with the aim to maximize societal benefits. According to
stakeholder theory, the government and private enterprises have
distinct interests; environmental regulations may conflict with the eco-
nomic interests of businesses, necessitating governmental intervention
in the form of pertinent legislation for oversight and guidance. Green
finance offers a viable avenue to sustainable economic development,
requiring the collaborative involvement of the government, firms, and
financial institutions to successfully execute green finance policies.
While most organizations leverage industrial technology to their eco-
nomic advantage, certain technologies may concurrently present spe-
cific environmental challenges for both businesses and society at large.
As a result, technological innovation within organizations is essential.
Enterprise innovation is influenced by diverse factors, including
governmental policies and the credit financing environment.

The fundamental nature of green credit is to impose environmental

limits on the credit available to enterprises through regular credit ra-
tioning. Following the enactment of green credit policies, banks typi-
cally adopt a more rigorous approach to loan approvals for major
polluters, leading to elevated interest rates and a substantial rise in
financing costs for firms. Given the high risks and uncertainty associated
with innovative projects, enterprises may encounter financial con-
straints amidst escalating financing costs. Consequently, management
may adopt a conservative approach: prioritizing debt repayment and
exhibiting reluctance to invest in long-term innovative projects, while
simultaneously grappling with daily financial challenges. Companies
plagued by ongoing financial difficulties typically lack capacity to
strategize for technical advancement; additionally, shareholders and
suppliers exert pressure on the corporation to prioritize cash flow sta-
bilization. At the same time, meeting environmental standards can
consume substantial financial resources, compelling firms to opt for
short-term solutions that address only the symptoms, while forgoing
long-term investment in novel technologies that could tackle both
symptoms and core causes. Within this detrimental cycle, investments in
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environmental protections appear to increase but ultimately impede
genuine green innovation.

When enterprises face heightened financing constraints, attracting
external investment becomes increasingly challenging. Heavily
polluting enterprises may encounter difficulties in securing funds
through conventional credit avenues, while alternative financing
methods, such as issuing green bonds or pursuing equity financing,
impose even higher barriers. This culminates in further financial re-
strictions to enterprise innovation. Therefore, green credit regulations
may hinder innovation due to financing limitations, as posited in study
hypothesis H2.

H2: Green credit regulations can hinder innovation by imposing financing
limitations.

Theoretical mechanisms regarding the level of financial development

In the present context of ongoing economic shifts and sustainable
development, financial systems have become fundamentally important
to economic functioning. Financial development may be assessed based
on the magnitude of the financial market, the efficacy of financial in-
stitutions, the variety of financial products, and the robustness of
financial regulation; together, these factors significantly influence
corporate innovation. From the standpoint of financial market structure,
the implementation of green credit policies has significantly altered how
financial resources are allocated. In accordance with governmental
mandates, banks and financial institutions have proactively modified
their credit frameworks, prioritizing the funding needs of green in-
dustries and those associated with minimal pollution. Heavily polluting
firms face credit line restrictions and much higher financing costs,
resulting in a deteriorating financing climate in the financial sector. In
some cases, the acceptance rate for loan applications from significantly
polluting firms is 40 % lower than that of green sector enterprises, and
the average loan interest rate is 20 % to 30 % higher. This reallocation of
financial resources results in significant funding shortages for major
polluters, impeding both innovation inputs and outputs.

The business focus and risk tolerance of financial institutions have
also changed under the influence of green credit policies. Financial in-
stitutions now prioritize environmental performance and sustainable
development when evaluating enterprises. More rigorous risk assess-
ments are applied to heavily polluting entities, and in certain instances,
financial institutions may actively terminate business relationships with
such enterprises. This hinders significantly polluting firms from
accessing a range of financial services and innovation supports,
including venture financing and financial advising. In many instances,
heavily polluting firms have been compelled to suspend innovation
initiatives due to legislative impacts. At the same time, owing to the
shrinkage of financial institutions and shifts in risk appetite, severely
polluting firms encounter challenges in securing comprehensive finan-
cial services and assistance essential for innovation. During the inno-
vation process, this means that enterprises are unable to leverage the
expertise of financial institutions for effective risk management and
resource integration, thereby exacerbating uncertainty. This situation
can diminish both the motivation of enterprises to engage in innovation
and their efficiency with ongoing innovative endeavors. Therefore,
green credit rules may impede innovation via their effects on financial
system development, as posited in study hypothesis H3.

H3: Green credit rules may impede corporate innovation by limiting
financial development.

Research design
Study data and selection of variables
Study data sources
Given that the Green Credit Guidelines were implemented in

February 2012, study data were collected for A-share listed
manufacturing enterprises from 2008 to 2022, excluding manufacturing
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enterprises that were listed as ST, * ST, or PT during the sample period
(Wang et al., 2024). Cases where key variables were missing were also
excluded from the study data set. The final data set contained 3140
listed enterprises and 23,850 observations. To distinguish polluting and
non-polluting manufacturing enterprises, the Listed Company Environ-
mental Verification Industry Classification and Management Directory was
used. This document was issued by the Ministry of Environmental Pro-
tection (MEP) in 2008. It categorizes listed enterprises from 14 in-
dustries, such as thermal power, iron, and steel, as heavily polluting
industries (experimental group), while other industries are categorized
as non-polluting (control group). The study data were primarily ob-
tained from the China Stock Market & Accounting Research (CSMAR)
database. To avoid disproportionate effects of extreme values on the
estimation results, all continuous variables were subset to include only
data between the 1 % and 99 % quartiles (excluding extreme values).

Study variable selection
A detailed description of the variables included in this study is pro-
vided (Sun, Fang, Li, & Ai, 2024a) in Table 1.

Modeling

This paper utilized a double-difference model to assess the impact of
green credit policies on innovation by manufacturing enterprises. The
basic regression model was constructed as follows:

Innovy, = p, + ptreated; + p,Policy, + Bs(treated; x Policy,) + yXi—1 + 6
+ A + €ir

where Innov;, denotes the innovation level of a manufacturing enter-
prise; treated; denotes a group dummy variable, which takes a value of
one for the experimental group (heavily polluting enterprises) and zero
for the control group (non-polluting enterprises); Policy, denotes a sec-
ond dummy variable which takes a value of one for data from 2012 and

Table 1
Definition of study variables.

Nature of the Variable name Variable measurement

variable
Explanatory Enterprise (Company’s annual R&D expenditure/
variable innovation initial business revenue)*10
(Innov)
Dummy Variables Treated denotes a dummy variable that
(treated)*(Policy) takes the value of one for the
experimental group and zero for the
control group; Policy denotes a dummy
variable that takes the value of zero
before 2012 and one after 2012.
Intermediary Financing constraints ~ KC Index
variable Level of financial Balance of deposits and loans for
development financial institutions at the end of the
(Fin) year/GDP
Moderator Government Government subsidies/operating
variable subsidized (Sub) income

Control variable

Investment level
(Invest)

Enterprise
size (Size)
Debt leverage
(Lev)
Profitability
(ROA)
Growth level
(Grow)

Cash flow
(ch)

Age of establishment
(FirmAge)

Cash paid for construction of property,
plants, and equipment, intangible
assets, and other long-term assets/total
assets at the beginning of the period
Natural logarithm of total assets for the
year

Total liabilities at year-end/total assets
at year-end

Net profit/average balance of total
assets

Revenue growth rate

Net cash flow from operating
activities/total assets

In(current year - year of incorporation
+ one)
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later (after the adoption of the Green Credit Guidelines) and zero for
data from before 2012; treated; x Policy, is a double difference variable;
X denotes a series of control variables including manufacturing firm
size, debt leverage, and so on; &; denotes industry-related fixed effects; A,
denotes time-related fixed effects; &, represents a random error term;
and i and t represent the individual manufacturing enterprises and time,
respectively. The change in innovation level for heavily polluting
manufacturing enterprises before and after the implementation of the
Green Credit Guidelines can be represented as: AInnovyngeated = Po-
Here, the focus is on coefficientfl;, which reflects the net effect of the
introduction of the Green Credit Guidelines on the innovation level of
heavily polluting manufacturing enterprises when other factors are
excluded.

Empirical results
Baseline regression results

Direct impacts of green credit policies on business innovation

Table 2 displays the results of the double-difference model exam-
ining green credit policy effects on enterprise innovation. In the Table,
Columns 1 to 2 give the regression findings for highly polluting
manufacturing enterprises and other firms, with industry and year ef-
fects, control variables, and so on added in turn. In Columns 1 and 2, the
negative coefficients of the interaction terms (treated x Policy) were
significant at the 1 % level; thus, the introduction of green credit policies
considerably hindered innovation in heavily polluting industrial firms,
supporting study hypothesis H1b. As an example, the interaction coef-
ficient in Column 2, which incorporated all control variables, measures
—0.028; this suggests that implementation of the Green Credit Guide-
lines resulted decrease (on average) in innovation for heavily polluting
manufacturing firms compared to other firms. Huaneng Group is one of
China’s largest state-owned power enterprises, which mostly utilizes
coal to produce electricity and therefore generates significant air
pollution. Motivated by the green credit program, Huaneng initiated a
partial green transformation and received financial backing via green
credit. Green credit policies have therefore had a substantial impact on
Huaneng’s operations, given its continued reliance on environmentally

Table 2
Baseline results from the double-difference model.
Variable (¢} @
Innov Innov
Treated x Policy —0.027%%* _0.028%**
(=3.91) (-3.44)
Treated 0.250%**
(12.27)
Policy _0.013
(-1.08)
Size —0.019%**
(—4.72)
Lev —0.001
(—0.07)
ROA 0.063%%*
(2.75)
cf 0.068%**
(4.33)
Grow 0.003
(1.33)
FirmAge —0.039*
(—-1.82)
_cons 0.104%%* 0.575%%*
(19.15) (6.08)
Industry YES YES
Year YES YES
N 23,850 23,850
R? 0179 0.190

R denote statistical significance at the 10 %, 5 %, and 1 % level,
respectively; () enclose t-values.
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detrimental means of electricity generation. However, Huaneng Group’s
utilization of green credit, while facilitating its clean energy initiatives,
has adversely affected its short-term financial standing due to its
excessive reliance on coal-based power. Since adopting these policies,
Huaneng has lowered its investment in innovation-related projects due
to increased compliance expenses. Within two years of implementing
green credit policies, Huaneng’s annual R&D investment decreased from
1.2 billion yuan in 2019 to 0.9 billion yuan in 2021; the proportion of
R&D allocated to green technologies rose annually, while innovation
efforts in non-green sectors were constrained.

Dynamic effects test for the implementation of green credit policies

The baseline regression model was further expanded into a dynamic
model (using event study methods) to examine trends in corporate
innovation after the implementation of the Green Credit Guidelines in
2012. Specifically, the baseline regression model was updated to
incorporate only data from 2013 to 2022, with a biannual dummy
variable introduced to represent each two-year group (i.e., 2013-2014,
2015-2016, etc.). This new dummy variable was then multiplied with
the group dummy variable (treated) and the model reestimated to
determine enterprise innovation (Innov). The dynamic model formula is
outlined as follows:

Innov;, = p, + B (treated; x year,) + yXir1 + 6 + A + €ix

where treated; x year; denotes the interaction between the group dummy
variable and the year dummy variable. The coefficients and confidence
intervals estimated from the dynamic model are shown in Fig. 3.

Following the introduction of the Green Credit Guidelines in 2012,
the marginal effect line was most different from zero (Fig. 3), later
approaching a value of zero annually beginning in 2017, as the absolute
values of Innov (estimated from the dynamic model) began to decline.
From 2013 to 2016, the policy shock period saw enhanced corporate
financing constraints owing to more stringent credit approval criteria
and elevated financing costs. These financing constraints led to chal-
lenges such as insufficient R&D funding and heightened liquidity pres-
sure, resulting in a precipitous decrease in innovation investment. This
crowding out effect of financial constraints on corporate innovation pre-
vails today. As additional green credit policies were implemented from
2017 to 2020, financial institutions developed a differentiated credit
assessment system to provide financing support to enterprises actively
pursuing green technologies. As such, some enterprises overcame
funding constraints through innovative financing mechanisms (e.g.,
green patent pledges and carbon-neutral bonds), resulting in a 32 %
reduction in the absolute value of financing constraints (Innov) and
thereby mitigating green credit-related inhibitory effects on innovation.
Post-2020, propelled by the dual-carbon objective, further governmental
supports were introduced, expediting the creation of green financial
products (e.g., the Agricultural Bank of China has introduced sewage
right mortgages). As illustrated in Fig. 1, the Industrial and Commercial
Bank of China’s green credit balance measured 17.1 % in 2022. At this
time, enterprises that had upgraded to green technology were able to
partially mitigate policy constraints through financing facilities, result-
ing in a further reduction in financing constraints on innovation (the
absolute value of Innov decreased by 62 %); however, the overall impact
of green credit remains significantly negative.

Tests of model robustness

(1) Parallel trend test

The accuracy of the difference-in-differences method primarily de-
pends on the assumption of parallel trends. Therefore, a parallel trend
test is required prior to conducting a double-difference analysis. To
satisfy the parallel trend assumption, manufacturing enterprises in the
treatment (experimental) and control groups should show parallel
trends in terms of innovation investment prior to implementation of the
Green Credit Guidelines; in other words, the difference between
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Fig. 3. Dynamic effects test evaluating the implementation of Green Credit Guidelines on corporate innovation.

treatment and control groups would remain the same had the Green
Credit Guidelines not been implemented. To assess trends before and
after the policy change, the dynamic effects of the Green Credit Guide-
lines on innovation investment were illustrated for both experimental
and control groups (Fig. 4). This visualization revealed that the coeffi-
cient of the interaction term (values on the left side of the dashed line)
did not differ from zero before the policy change. Thus, between the first
and fourth period, a parallel trend existed for manufacturing enterprises
from both treatment and control groups in terms of innovation invest-
ment. This supports the validity of the difference-in-differences model
estimates made in this study.
(2) Placebo test
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To address the potential issue of missing variables, a counterfactual
placebo test analysis was employed. This analysis sought to determine
whether the observed impacts of the Green Credit Guidelines on inno-
vation among manufacturing enterprises were due to the Guidelines
themselves or other unmeasured factors. To test for missing variables, a
placebo experiment was conducted, wherein the effects of the Guide-
lines on corporate innovation were independently estimated 500 times
after randomizing the data. The resulting distribution of placebo p
values for all 500 repetitions is illustrated in Fig. 5. The regression co-
efficients clustered around zero and followed a normal distribution. The
majority of the regression results were not statistically significant,
indicating that implementation of Green Credit Guidelines in the
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Fig. 4. Parallel trend test for treatment and control manufacturing enterprises.
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Fig. 5. Placebo test to assess hidden variables influencing corporate innovation.

random data sets had minimal-to-no effect on corporate innovation.
Therefore, it can be assumed that no hidden factors influenced the
baseline regression results in this study. This suggests that the Green
Credit Guidelines strongly impacted innovation in heavily polluting
manufacturing companies.

(3) Replacement of explanatory variables

A baseline regression analysis was conducted to assess the relation-
ship between innovation inputs and outputs (Sun et al., 2025). To ensure
the reliability of the results, the baseline regression was repeated
including another aspect of innovation output, namely the proportion of
a company’s operating revenue accounted for by its annual R&D ex-
penditures at the beginning of the study period (Table 3). Additionally,
industry effects, year effects, control variables, and other relevant fac-
tors were sequentially incorporated into the analysis. Consider Column 2
an illustration, where the coefficient of the interaction term is included
(i.e., treated x Policy), along with all control variables. Here, Green Credit
Policy had a negative value (significant at the 1 % level), further

Table 3
Baseline regression analysis with alternate explanatory variables.
Variable m 2)
Innov2 Innov2
treated x Policy —0.087*** —0.083%**
(—10.35) (—6.66)
treated -0.092%** -0.032
(-7.44) (-1.27)
Policy 0.138%** 0.392%**
(23.13) (10.64)
_cons -0.330%** 0.090
(-5.74) (0.47)
Controls YES YES
Industry NO YES
Year NO YES
N 23,850 23,850
R? 0.177 0.191

R denote statistical significance at the 10 %, 5 %, and 1 % level,
respectively; () enclose t-values.

supporting the conclusions of the baseline regression.

(4) Controlling for other policy shocks

Aside from green finance regulations, other policies implemented
within the same timeframe may have influenced the extent of green
innovation, for example the amendment of the Environmental Protection
Law of the People’s Republic of China. The Environmental Protection
Law of China was revised and approved by the Eighth Meeting of the
Standing Committee of the Twelfth National People’s Congress on April
24th, 2014. It went into effect on January 1st, 2015. The revised Envi-
ronmental Protection Law mandated manufacturing enterprises to pri-
oritize the use of environmentally friendly methods and industrial
equipment that is low polluting and highly energy efficient. Addition-
ally, manufacturing enterprises were required to minimize the release of
pollutants and other waste, as well as carbon emissions. This amend-
ment likely influenced the execution of the Green Credit Guidelines. In
this study, the effects of the Environmental Protection Law Amendment
were not considered, and instead dummy variables were incorporated
for the years from 2015 onward.

Another potentially relevant policy shift is the ongoing imple-
mentation of green financial reform and innovation pilot zones. Since
2016, the People’s Bank of China, along with seven ministries and
commissions, has established pilot zones for green financial reform and
innovation in 10 regions across six provinces, autonomous regions, and
municipalities directly under the central government. The regions
affected include Chongqing, Guangdong, and Xinjiang. Each pilot zone
has a specific focus in terms of the direction of green financial devel-
opment, but all pilot zone projects are expected to influence the effec-
tiveness of the Green Credit Guidelines. To assess the impact of the pilot
zones project, the baseline regression analysis was repeated after
removing samples from provinces participating in the pilot zones project
(Table 4).

Column 1 in Table 4 displays the regression findings when excluding
the effects of the 2015 Environmental Protection Act (EPA) policy shock.
Comparing these results to the baseline regression results, the interac-
tion term treated x Policy remained negative and significant at the 1 %
level. Thus, after accounting for the 2015 EPA policy, the Green Credit
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Table 4
Controlling for shocks from other policy shifts.

Variable Exclusion of 2015 Environmental Exclusion of 2017 Pilot
Protection Act Zones Data
(€8] 2)

treated x —0.027%** —0.038%**

Policy (—3.26) (-4.149)

treated 0.059%** 0.235%**
(10.91) (10.48)

Policy —0.014 —0.002
(-1.16) (-0.13)

EPL —0.020%**
(=7.949)

_cons —26.788%** 0.474%**
(-11.06) (4.21)

Controls YES YES

Industry YES YES

Year YES YES

N 23,850 15,447

R? 0.181 0.203

®, % %% denote statistical significance at the 10 %, 5 %, and 1 % level,

respectively; () enclose t-values.

Guidelines still reduced innovation among heavily polluting
manufacturing enterprises, although to a lesser extent than in the
baseline regression. This suggests that the 2015 EPA amendment also
negatively affected innovation in heavily polluting manufacturing firms.

The results in Column 2 of Table 4 represent regression findings
when excluding provinces hosting green finance reform pilot zones.
Comparing these results to the baseline regression results, the interac-
tion term treated x Policy remained negative and significant at the 1 %
level. Thus, even after excluding the effects of the 2017 financial reform
and innovation pilot zones, the Green Credit Guidelines still inhibited
innovation among heavily polluting manufacturing enterprises, further
supporting the conclusions of the baseline regression. In fact, these
inhibitory effects were stronger than in the baseline regression, sug-
gesting that 2017 pilot zones project had a discernible impact on inno-
vation in heavily polluting manufacturing enterprises.

Heterogeneity analysis

(1) Heterogeneity due to property rights

Based on prior studies of property rights, samples were categorized
as state-owned enterprises or private enterprises, and independent
regression analyses were carried out for each group (Table 5). In the
private enterprise analysis, the interaction termtreated x Policy was
significantly negative. However, in the state-owned enterprise analysis,
the interaction term treated x Policy was not significant. This suggests
that green credit policies predominantly affected private enterprises,
limiting corporate innovation mostly in the private sector. Note that
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green credit policies function as environmental regulations, and the
relationship between environmental regulation and enterprise innova-
tion can be complex, not being simply positive or negative. For example,
the relationship often depends on the threshold set by a given envi-
ronmental regulation. Higher expenses related to environmental
compliance can potentially constrain corporate R&D budgets and
impede innovation. When enterprises (including banks and financial
institutions) are state-owned, they may receive financial assistance even
when facing credit constraints due to pollution. Compared to heavily
polluting, private enterprises, state-owned enterprises typically do not
experience significant declines in financing capital after the imple-
mentation of green credit policies, rather experiencing an increase in
loan interest rates.

(2) Heterogeneity due to enterprise dependence on technology

Samples were divided into highly technology-intensive enterprises
and weakly technology-intensive enterprises, and separate regression
analyses were conducted for each group (Table 6). In the highly
technology-intensive enterprise analysis, the interaction term treated x
Policy was significantly negative; in the weakly technology-intensive
enterprise analysis, the interaction term treated x Policy was not signif-
icant. This suggests that the negative effects of green credit policies on
innovation mostly occurred among highly technology-intensive enter-
prises. Green credit policies aim to direct capital toward environmental
conservation and low-carbon activities. Although heavily polluting en-
terprises that are also highly dependent on technology may have ad-
vantages in terms of technological innovation, these innovations rely on
cutting-edge technologies that are also high risk and difficult to accu-
rately assess. When green credit policies are implemented, banks may
reduce credit support for such enterprises due to concerns about the
level of risk, thus leading to reductions in corporate innovation. Inno-
vative projects within heavily polluting firms often require large capital
investments with long payback periods. Green credit policies may raise
the cost of financing for these firms, especially if debt leverage is high.
Higher financing costs may therefore lead firms to reduce investments in
innovation in order to maintain a stable financial position.

(3) Heterogeneity due to market competition

The annual median of the Herfindahl index was employed to divide
samples into two groups based on market competition (i.e., market
concentration): low and high competitiveness. Independent regression
analyses were performed for each group (Table 7). The interaction term
treated x Policy was significantly negative (—0.042***) in the high
market competitiveness analysis, but not significant (0.007) in the low
market competitiveness analysis. This suggests that the negative effects
of green credit policies on corporate innovation (for heavily polluting
industrial firms) are more severe in those enterprises operating in highly

Table 6
Regression results when dividing enterprises based on their reliance on

Table 5 technology.
Regression results when dividing samples based on property rights. Variable O @
Variable (1) State-owned enterprises (2) Private enterprises Highly technology-dependent =~ Weakly technology-dependent
Innov Innov Innov Innov
treated x Policy 0.006 —0.033*** treated x Policy =~ —0.032*** 0.017
(0.27) (—-3.92) (—2.95) (1.29)
treated —0.036 —0.013 treated 0.071%** 0.040%**
(-1.35) (—0.85) (10.93) (3.92)
Policy 0.071%*** 0.086*** Policy —0.015 —0.018
(4.01) (16.53) (—0.83) (—0.96)
_cons —0.043 —0.040 _cons 0.135* 0.341%**
(-0.50) (-1.37) (1.71) (3.04)
Controls YES YES Controls YES YES
Industry YES YES Industry NO YES
Year YES YES Year NO YES
N 6995 16,355 N 18,964 4886
R? 0.138 0.144 R? 0.167 0.140

*, ** %% denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.

wAK denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.
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Table 7
Regression results when dividing enterprises based on market competitiveness.

Variable High market competition Low market competition
Innov Innov
treated x Policy —0.042%** 0.007
(-3.42) (0.61)
treated 0.072%** 0.055%**
(8.43) (7.18)
Policy —0.020 —0.020
(—0.84) (—1.20)
_cons 0.116 0.213**
(1.19) (2.42)
Controls YES YES
Industry NO YES
Year NO YES
N 14,523 9327
R? 0.156 0.154

> >

*** denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.

competitive markets. In such markets, companies may have heightened
operational constraints and capital demands, alongside relatively
elevated fixed cost ratios. Fixed costs, including equipment acquisitions,
facility leases, and R&D expenditures, are essential to business opera-
tions and remain constant over time. With the implementation of green
credit policies, firms may be required to invest substantial capital in
environmental remediation and/or technical enhancements to comply
with more stringent environmental regulations. These additional ex-
penses exacerbate the burden of fixed costs carried by the firm. Yet due
to intense market competition, their profit margins are already limited,
and they face significant capital pressure. Under green credit regula-
tions, banks may reduce credit assistance for heavily polluting firms due
to environmental risk factors, hence complicating capital acquisition for
these entities. In the face of capital limitations, firms may prioritize the
allocation of scarce resources toward everyday operations and
competitive market presence, reducing funding for long-term, high-risk
innovative endeavors. Therefore, green credit schemes may more
negatively impact innovation in enterprises in highly competitive mar-
kets. Furthermore, such enterprises often depend on cost-effective, high-
efficiency production techniques to sustain their competitive edge.
Under green credit programs, companies must allocate additional re-
sources toward environmental enhancements, potentially diminishing
efficiency and/or elevating manufacturing prices. To remain competi-
tive, firms may need to reduce expenditures in other domains, including
innovation.

(4) Heterogeneity due to industry dependence on labor

Samples were divided into two groups based on industry dependence
on labor, whether strongly or weakly labor intensive. Independent
regression analyses were performed for each group (Table 8). In samples

Table 8
Regression results for enterprises with different levels of labor. intensity.
Variable [€))] 2)
Strongly labor-intensive Weakly labor-intensive
industries industries
treated x 0.034 —0.044%**
Policy
(1.56) (=4.29)
treated —0.042 0.005
(-1.53) (0.32)
Policy 0.036%** 0.075%**
(3.95) (11.01)
Controls YES YES
_cons 0.302%* 0.146*
(2.41) (1.82)
N 5009 18,841
R2 0.132 0.165

Journal of Innovation & Knowledge 10 (2025) 100714

from weakly labor-intensive industries, the interaction term treated x
Policy was significantly negative; conversely, in samples from strongly
labor-intensive industries, the interaction term treated x Policy was not
significant. This suggests that green credit policies more negatively
impact innovation in weakly labor-intensive industries (that are also
highly polluting). Despite the diminished reliance on human labor in
certain industries (e.g., automated manufacturing sectors, electronics
manufacturing, etc.), substantial capital is required for equipment
modernization, technological advancement, and other innovative en-
deavors. Following the enactment of green credit policies, banks exhibit
more prudence in extending loans to such firms due to environmental
risk factors, reducing access to funds for these enterprises. This escala-
tion of financial constraints often translates into a loss of funds for
innovation and other long-term goals. Green credit policies may also
require firms to allocate more financial resources toward R&D for novel
technologies and equipment upgrades to comply with policy mandates.
Therefore, to comply with environmental regulations, firms must
sometimes diminish capital investment in alternative innovation pro-
jects, resulting in a reduction in innovation.

(5) Geographical heterogeneity

Based on the geographical location of firms in mainland China across
31 provinces, municipalities, and autonomous territories, samples were
categorized into three groups: East Coastal Region (East), Central Region
(Mid), and West Region (West). These regions correspond to China’s
three principal economic zones. Independent baseline regression ana-
lyses were conducted for each geographic group (Table 9). The treated x
Policy interaction was negative and statistically significant (1 % signif-
icance level) in the Central Region, but not in the West and East Regions.
Thus, green credit policies more strongly impacted corporate innovation
in the Central Region. One potential explanation for the lack of effect in
the Eastern Region is the high economic growth and more refined in-
dustrial structure associated with this Region, along with a greater va-
riety of funding avenues, risk management instruments, and enhanced
capacity for innovation. Therefore, despite financing limits imposed by
green credit policies, enterprises in the Eastern Region may nevertheless
secure funds via alternative avenues, thereby sustaining or even aug-
menting innovation inputs. By comparison, the Western Region has
comparatively poor economic development, but benefits from national
initiatives, such as the Western Development Strategy, which may alleviate
the adverse effects of green credit regulations to some extent. The
Western Region may also benefit from financial agglomeration, owing to
regulatory backing and the advancement of particular industries (e.g.,
resource-based industries), potentially also mitigating financing limita-
tions. The Central Region represents a more transitional phase of eco-
nomic development, lacking the economic prowess and innovative
capacity of the Eastern Region, while not benefiting from the same
policy advantages as the Western Region; this intermediate status may
render it more vulnerable to the direct effects of green credit policies.

Table 9
Regression results for enterprises belonging to three separate geographic
regions.

Variable (1) East (2) West (3) Mid
Innov Innov Innov

treated x Policy —0.018 —0.007 —0.055%**
(-1.57) (—0.42) (-3.13)

treated —0.009 —0.071** 0.015
(-0.64) (-2.22) (0.57)

Policy 0.066%** 0.038%** 0.087***
9.17) (2.89) (7.61)

_cons 0.192%* 0.038 —0.057
(2.06) (0.26) (—0.44)

Controls YES YES YES

N 16,559 3175 4107

R? 0.137 0.182 0.255

5 >

*** denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.

10

> >

denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.
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Mediating effects

Mediating effects of financing constraints

A double-difference model was used to examine how green credit
policies have affected credit resource allocation and to determine if
these policies have resulted in disproportionate financing constraints for
heavily polluting manufacturing enterprises versus green enterprises.
Financing constraints are one of the key impediments to business
innovation. Green credit policies are essentially the issuance of credit
funds to better support corporate innovation. The double-difference
model is outlined as follows:

SAis = By + pytreated; + p,Policy, + Bs(treated; x Policy;) + yXit—1 + 6;
+ A+ €ir

where SA is an index used as a proxy for financing constraints (Hadlock
& Pierce, 2010); treated and Policy are defined as before; and X; denotes
a series of control variables, including cash flow (Cf), debt leverage
(Lev), firm age (FirmAge), firm size (Size), growth (Grow), and profit-
ability (ROA). There is a large body of literature examining how
financing constraints affect corporate innovation more generally;
therefore, this study focused on the impact of green credit policies
specifically when examining financing constraints and corporate inno-
vation (Table 10).

Table 10 reports the double-difference model estimates of the
mechanisms by which green credit policies affect firm innovation. Col-
umn 1 contains the regression results for green credit policy effects on
firm innovation, and Column 2 contains the regression results for green
credit policy effects on financing constraints. The treated xPolicy inter-
action was negative (significant at the 1 % level) for the former and
positive (significant at the 5 % level) for the latter. This suggests that the
implementation of green credit policies exacerbated financing con-
straints for heavily polluting manufacturing firms, thereby inhibiting
corporate innovation. As an example, the coefficient for the treated x
Policy interaction measures 0.015 in Column 2 of Table 10, implying a
1.5 % increase in financing constraints for heavily polluting
manufacturing firms after implementation of the Green Credit Guide-
lines, supporting study hypothesis H2.

Theoretically, green finance policies should catalyze corporate
innovation via a push mechanism (the Porter effect); nevertheless, the
empirical data presented here indicate that this has not occurred,
potentially due to the short-sightedness and cognitive biases of enter-
prises. Heavy polluters, confronted with demands for environmental
compliance, often incur substantial costs for necessary upgrades and
alterations. They experience significant short-term operational pressures
and must swiftly adhere to regulatory requirements to sustain their
operations and production. In the face of these pressures, management
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opts for a lowest cost compliance strategy to mitigate the risk of fines and
shutdowns for noncompliance, thereby ensuring the enterprise’s sur-
vival. This approach compels enterprises to curtail innovation budgets,
select compliance programs that satisfy only minimum standards, and
acquire off-the-shelf pollution control equipment rather than investing
in the development of new technologies.

A second possible explanation for the negative effect of Green Credit
Guidelines on corporate innovation involves technical impediments and
substantial transition costs. Research and development cycles for green
technology can be protracted, fraught with risk, and characterized by a
reliance on outdated, polluting industrial technologies. Tangible obsta-
cles exist to technological conversion; for instance, chemical companies
cannot directly upgrade their antiquated equipment to clean technolo-
gies, necessitating a complete overhaul of production lines. This results
in initial investments exceeding manageable levels, a problem com-
pounded by a lack of support from green credit policies and transitional
subsidies; as a result, enterprises must forgo innovation due to insuffi-
cient financial backing. When the cost of business financing surpasses
the anticipated return on innovation, a direct reduction in innovation
investment results.

When green credit policies are enacted as a means of environmental
regulation, heavily polluting manufacturing enterprises are forced to
reduce investments into technological innovation due to financing
constraints. To obtain bank loans, such firms must reduce pollution
associated with their operations to meet new environmental re-
quirements and also hit emission reduction targets; the costs of meeting
these new standards reduces the funding available for innovation. More
critically, green credit policies exacerbate financing constraints for
heavily polluting manufacturing enterprises, causing a further reduction
in the funds available for innovation and thus leading to the failure of
the Porter effect.

Mediating effects of the level of local financial development

Based on the above discussion of financing constraints, the extent of
local financial development (a macro-variable) likely represents an
additional mediating variable, suggesting a need for a multidimensional
analysis of the mechanisms through which green credit policies influ-
ence corporate innovation behavior. Previous publications have clearly
shown that local financial development positively impacts corporate
innovation behavior. Thus, this study exclusively focused specifically on
green credit policy effects on business innovation and financing re-
strictions. Table 11 displays the results of baseline regressions with
financial development incorporated as a mediating variable. The
implementation of green credit policies diminished the extent of local
financial development.

In Model 1, the treated x Policy coefficient measured —0.029 and was
significant at the 1 % level. This aligns with the findings of the prior

Table 10 Table 11
Mediating effects of financial constraints. Mediating effects of the level of local financial development.
Variable [€D)] (2) Variable ) (2)
Innov SA Innov Fin
treated x Policy —0.028%** 0.015** treated x Policy —0.029%** —0.081**
(—3.44) (2.54) (-3.27) (-2.10)
treated 0.250%** —0.501%** treated —0.009 0.010
(12.27) (—34.69) (—0.65) (0.10)
Policy —0.013 0.008 Policy 0.259%** 1.340%**
(—1.08) (0.74) (12.20) (13.51)
_cons 0.575%%* —3.114%** _cons 0.626%** 2.453%**
(6.08) (—35.93) (5.96) (5.11)
Controls YES YES Controls YES YES
Industry YES YES Industry YES YES
Year YES YES Year YES YES
N 23,850 23,850 N 18,275 18,275
R? 0.190 0.908 R? 0.197 0.472

*, ** %% denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.

11

xR denote statistical significance at the 10 %, 5 %, and 1 % level
respectively; () enclose t-values.
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baseline regression, wherein green credit policies substantially hindered
innovation in heavily polluting manufacturing enterprises. This suggests
that the detrimental impact of green credit policies on enterprise inno-
vation remained significant even without the inclusion of financial
development as a mediating variable. In Model 2, the treated xPolicy
coefficient measured —0.081 and was significant at the 5 % level,
indicating a substantial adverse effect of green credit policies on local
financial development. This suggests that green credit hinders enterprise
innovation by constraining local financial development, thereby
corroborating study hypothesis H3.

Moderating effects

Moderating effects of government subsidies

Government subsidies may moderate the effects of green credit
policies on corporate innovation as illustrated in Table 12. In the
regression analysis, the variable Sub had a significant positive effect (1 %
significance level). Additionally, the interaction term treated x Policy x
Sub was statistically significant (5 % significance level), confirming that
government subsidies have a moderating effect on the relationship be-
tween green credit policies and innovation. This effect was positive for
heavily polluting enterprises, meaning that government subsidies
strengthened the inhibitory effects of green credit policies on innovation
in these enterprises, further validating study hypothesis H3. One
possible explanation is that local governments, may prioritize employ-
ment, investment, and other economic outcomes, allocating subsidies to
heavily polluting industries instead of enforcing green credit re-
strictions. This can discourage such industries from innovating and
transitioning to more environmentally friendly practices within the
green credit system. Furthermore, ongoing efforts to maintain sustain-
able green credit systems are hindered by significant technical chal-
lenges and long term funding gaps, slowing the transformation of
heavily polluting enterprises. Additionally, there is a mismatch between
short-term, sporadic government subsidies and the long-term nature of
innovation and transformation, which may hamper utilization of gov-
ernment subsidies by heavily polluting enterprises to achieve innovative
outcomes.

Moderating effects of investment levels

The moderating effects of government subsidies represent an
external factor shaping corporate innovation, while another potential
moderator, the level of investment, represents an important internal
factor. Here, the level of investment was quantified as the ratio of cash
paid for the construction of fixed assets, intangible assets, and other
long-term assets to the total assets at the beginning of the period.
Regression analysis results are presented in Table 13.

In the regression analysis (Table 13), the treated x Policy x Invest
interaction was negative, but this was significant only at the 10 % level.
This suggests a small but meaningful moderating effect of the level of
investment on the relationship between green credit policies and
corporate innovation, when compared to the baseline regression results.

Table 12
Moderating effects of government grants.
Variable (¢))]
treated x Policy —0.024%**
(—2.86)
treated x Policy x Sub —0.947**
(—2.26)
Controls YES
Industry YES
Year YES
N 23,850
R? 0.196

, **, *** denote statistical significance at the 10 %, 5 %, and
1 % level respectively; () enclose t-values.
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Table 13
Moderating effects of the level of investment.
Variable (€3]
Innov
treated x Policy —0.023%***
(—3.06)
treated x Policy x Invest —0.034*
(—1.85)
_cons 0.099%**
(17.62)
Controls YES
Industry YES
Year YES
N 23,850
R? 0.179

** denote statistical significance at the 10 %, 5 %, and 1
% level respectively; () enclose t-values.

Incorporating information on investment amplified the inhibitory ef-
fects of green credit policies on innovation. This may be because heavily
polluting industries often exhibit myopic and prejudiced investment
choices in reaction to green financing regulations. Funds may be allo-
cated toward the acquisition of pre-existing equipment and basic facility
renovations to achieve minimal environmental compliance, while
neglecting investments in R&D initiatives with long-term innovative
potential. For instance, chemical companies may invest heavily in con-
ventional exhaust gas purification systems but forgo the advancement of
new processes, thereby exacerbating constraints on long-term innova-
tion imposed by green credit policies. Simultaneously, long-term in-
vestments necessitate significant capital, and when policy constraints
limit financing, enterprises may be compelled to pursue high-cost
funding avenues, such as steel companies issuing high-interest bonds.
Elevated interest rates consequently diminish funding for innovation,
leading to a continuous decline in innovative capacity. Moreover, en-
terprise investments face a resource mismatch issue, with funds
frequently allocated to non-core or inefficient sectors; for example,
paper companies might invest in real estate while neglecting R&D for
environmental technology. This slows the pace of innovation, further
intensifying the detrimental impact of green credit policies.

Conclusions and recommendations
Research conclusions

To test for the Porter effect and the financial constraint effect, this
study analyzed data from heavily polluting enterprises within the
manufacturing sector. Panel data were collected for China’s A-share
listed manufacturing firms from 2008 to 2022 to investigate how green
credit policies have affected corporate innovation. A heterogeneity
analysis was also performed to explore how enterprise ownership,
geographical location, labor-dependence, market competition, and
technology-dependence moderated the effects of green credit programs.
Financing constraints were used as a focal point to develop a mediating-
effect model to examine the relationship between green credit policy-
financing constraints and enterprise innovation activity inputs and to
explore the mechanisms by which green credit policies influence
corporate innovation. Based on the preceding analysis, the extent of
local financial development was also included as a mediating variable.
Government subsidies and internal investments were examined as po-
tential moderating variables.

First, this study illustrates that utilizing innovation inputs as a metric
of corporate innovation reveals that green credit schemes significantly
impede innovation in heavily polluting enterprises, with these results
being consistent across multiple tests of model robustness. Second, in the
heterogeneity analysis, compared to state-owned enterprises, privately
owned, heavily polluting enterprises showed a greater decline in inno-
vation following the implementation of green credit programs. This
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disincentive to innovation was particularly significant for highly
technology-dependent enterprises compared to those that were less
technology intensive. Similarly, enterprises in highly competitive mar-
kets and those less dependent on human labor were more significantly
impacted than those in less competitive spaces or those more strongly
reliant on human labor. Finally, enterprises located in the Central Re-
gion of China experienced greater reductions in innovation due to policy
constraints. Third, evaluation of intrinsic mechanisms driving green
credit effects on innovation in heavily polluting enterprises revealed
that financial constraint effects exceeded the Porter effect (i.e., height-
ened financing constraints imposed by green credit policies were the
primary driver of declines in innovation). Subsequent mechanistic an-
alyses revealed that the extent of local financial development strongly
mediated the impact of green credit policies on corporate innovation
activities. Furthermore, government subsidies and greater internal in-
vestments exacerbated green credit policy effects. The results of this
study offer significant insights for policy formulation.

Policy recommendations

From the government’s perspective, established industries (e.g., the
chemical sector, iron, and steel) may face more issues concerning per-
verse incentives and insecure property rights. As a result, certain en-
terprises, due to local employment and tax pressures, receive a
disproportionately high share of subsidies, yet commit <5 % of their
budget to investments in green innovation. Current subsidies therefore
reflect a bias toward protecting scale over innovation. On average, state-
owned enterprises receive subsidies that are 1.8 times greater than those
of private enterprises yet only 60 % of the green patent authorizations
granted to private firms. This underscores current inequities in subsidy
distribution within China. To address these inequities, the imple-
mentation of a governmental framework may be useful to quantify the
effectiveness of green innovation; this system would prioritize emission
reductions (a 5 % subsidy increase for every 10 % reduction in pollut-
ants, e.g., SOz and wastewater), innovation quality (a subsidy of 500,000
RMB for each national green patent and double this rate for interna-
tional patents), and sustained investment in green innovation (i.e.,
subsidies for green R&D expenditures).

To ensure the effective implementation of green credit policies, as
well as to support the transition of heavily polluting firms into more
environmentally sustainable entities, the banking sector will require
additional oversight and regulation. As green financing has gained
traction, prominent commercial banks have generally embraced the use
of green loans to bolster environmental initiatives. However, this has not
been universally the case. Therefore, regulators must find ways to ensure
the banking sector does not obstruct technological advancement in
heavily polluting industries, while also fostering environmental con-
servation. Greater collaboration among financial institutions within a
given region in China may facilitate a more balanced distribution of
financial resources. To better promote both corporate innovation and
environmental conservation, the banking sector may innovate in several
areas, including: intellectual property pledge financing (e.g., permitting
pledge financing at 60 % of the assessed value), the dynamic valuation of
environmental technology patents, and the use of dedicated channels for
corporate finance transformation. Offering patent failure insurance
could mitigate the risks associated with the geographical concentration
of heavily polluting enterprises. Similarly, the formation of a regional
financial development fund, which allocated a specific percentage of
funding to innovation projects within heavily polluting enterprises,
would encourage a more equitable distribution of financial resources.
Such an initiative would address local deficiencies in innovation funding
and foster both corporate innovation and industrial advancement.
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Research outlook

Comparison of global policy frameworks

This study examined the unique features of China’s green credit
program, but did not comprehensively compare these to other national
programs. Follow-up studies might expand their focus to include mul-
tiple nations with well-developed green financial systems, including
those belonging to the European Union, as well as Japan and the United
States. This would allow for comparisons of implementation approaches
(e.g., carbon pricing strategies), incentives (e.g., green bonds and tax
concessions), and policy frameworks (e.g., the European Union’s Sus-
tainable Finance Classification Scheme), as well as a more complete
assessment of green credit policy effects on corporate innovation across
diverse institutional contexts. For example, China’s bank-centric finan-
cial system could be compared to the capital market-centric systems in
Europe and the United States. These disparate systems may have
different impacts on the efficacy of policy transmission, necessitating
data collection from multiple countries to test the ubiquity of financial
constraint versus Porter effects. Given the complexity of green credit
policy instruments and institutional collaborations, nations may be
categorized into single-indicator and multi-indicator types based on
administrative directives. Countries employing a multi-indicator
approach utilize a blend of approaches to collecting information on
incentive-based regulations.

Variation in policy implementation and outcomes

Comparing nations, differences in corporate ownership structure,
financial development, and industry characteristics may strongly influ-
ence the efficacy of green credit policies. For example, the financial
resilience of state-owned firms in China may counterbalance the nega-
tive effects of green credit policies, whereas policy outcomes may vary
substantially among privately owned enterprises in Europe and the
United States due to the diversity of market-based funding avenues.
Future panel data models may investigate how variables such as the
nature of enterprise property rights and technological intensity moder-
ate policy outcomes across nations. Furthermore, differences between
emerging and industrialized nations, in terms of the environmental
regulation landscape and available technological resources, warrant
consideration when evaluating the worldwide relevance of threshold
effects for green credit schemes.

Analysis of policy spillover effects from a global value chain perspective
Due to globalization, China’s green credit policies may affect the
conduct of international corporations via global investment and supply
chains. Future studies might examine spillover effects of these policies
on corporate innovation among foreign-funded firms in China and
Chinese-funded overseas enterprises. For example, it would be inter-
esting to examine potential interactions between the European Union’s
Carbon Border Adjustment Mechanism and China’s green credit policies in
terms of cross-border technological collaborations among enterprises.
Similarly, the effects of financial cooperation among countries
belonging to the Belt and Road Initiative might be investigated as they
pertain to overseas investments by highly polluting Chinese enterprises.
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