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The rapid expansion of the global economy has exacerbated environmental
concerns, thereby prompting a shift in resource allocation from polluting
industries to green sectors. This transition is pivotal for sustainable
development, with capital playing a central role in mobilizing resources to
foster green innovation. This study examines data from Chinese-listed
companies between 2012 and 2022 to evaluate the impact of green
investment on corporate green innovation. The analysis incorporates a
comprehensive review of financial records and innovation metrics to establish
a correlation between investment and innovation outcomes. The findings reveal a
positive correlation between increased green investment and enhanced green
innovation, with a more pronounced effect observed in private enterprises and
industries characterized by high competition. Green investment primarily
stimulates innovation by alleviating financial constraints. These results
emphasize the crucial role of green investment in promoting sustainable
corporate practices. Furthermore, they provide valuable insights for
policymakers in formulating effective green investment strategies, which are
essential for China’s transition toward a green economy.
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1 Introduction

Due to the traditional economic development model’s neglect of environmental issues,
rapid global economic growth has continuously exacerbated ecological degradation.
Consequently, environmental problems have increasingly become unavoidable and
critical aspects of economic development. According to the 2017 World Economic
Outlook published by the IMF, for every degree increase in global temperature above
the average of 22°C, the annual per capita GDP growth rate in developing countries
decreases by 0.9–1.2 percentage points. Thus, environmental issues have emerged as
significant obstacles to economic development. The production and business activities
of enterprises are key contributors to the current environmental situation. While pursuing
profits, enterprises must consider the environmental impact of their operations. It is
essential to ensure that ecological protection is properly maintained while achieving profit
growth, thereby striking a balance between business growth and environmental protection.
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Green innovation, positioned at the intersection of “innovation-
driven” and “green development,” has become an effective means to
overcome resource and environmental constraints and promote
sustainable development. The “Implementation Plan for Further
Improving the Market-Oriented Green Technology Innovation
System (2023–2025)” issued by the National Development and
Reform Commission and the Ministry of Science and Technology
clearly proposes strengthening the main entities of enterprise green
technology innovation. This plan aims to cultivate a group of leading
green technology companies, green low-carbon technology
companies, and national-level specialized and sophisticated “little
giant” companies in the field of green technology innovation.
Therefore, implementing green innovation activities and
improving green innovation performance are not only crucial
pathways for enterprises to promote their transformation and
upgrading but also an inevitable choice for achieving sustainable
development.

Green investment plays a pivotal role in economic
transformation, with nations globally striving to establish
comprehensive green investment systems to facilitate this
transition. From a global perspective, developed countries in
Europe and North America began initiating projects for the
green transformation of physical industries through green
investment as early as the 1970s. In 1992, the United Nations
Environment Programme (UNEP) released the “Statement by
Banks on the Environment and Sustainable Development.”
Building on this, in 2003, leading global banks such as Barclays,
Citigroup, and ABN AMRO introduced the “Equator Principles,”
which have since become international standards for assessing
environmental and social risks. In 2007, the European
Investment Bank issued the first green bond for the 27 EU
member states, followed by the continual introduction of green
financial products, which rapidly propelled the international
development of green investment. Consequently, developed
countries have established a sophisticated green investment
system that encompasses physical projects, behavioral standards,
and financial products such as green bonds, green funds, and green
insurance. From a domestic perspective, China has also begun to
prioritize the construction of a green investment system. In
September 2015, the Central Committee of the Communist Party
of China and the State Council issued the “Integrated Reform Plan
for Promoting Ecological Progress,” which for the first time
explicitly proposed that China should establish a green
investment system, including the development of green credit,
green bonds, and green development funds. Since 2016, China
has co-chaired the G20 Green Finance Study Group (GFSG) with
international partners, co-founded the Network for Greening the
Financial System (NGFS), jointly launched the Green Investment
Principles (GIP), initiated the Global Green Finance Leadership
Program (GFLP), actively participated in the establishment of the
International Platform on Sustainable Finance (IPSF), and
promoted various bilateral cooperation mechanisms with the
United Kingdom, France, and the EU. China is emerging as a
major participant and promoter of green investment.

To fully leverage the role of green investment in promoting
corporate green innovation, it is crucial to enhance the transmission
mechanism and functionality of green investment incentives. The
government has established a series of incentives and regulatory

mechanisms to reallocate resources such as capital, technology, and
human resources from polluting industries to clean and green
industries. In this resource redistribution process, other resources
follow the capital into green industries, thereby establishing a
relatively comprehensive green investment transmission
mechanism. However, China still lacks a complete green
investment framework to strengthen the functionality of green
investment. According to the Financial Research Institute of the
Development Research Center of the State Council, the demand for
green investment in China is increasing annually, with financing
needs for green industries exceeding 2 trillion yuan. To address this,
various provinces, cities, and regions in China have increased green
investment through fiscal policies, tax subsidies, and loan issuance.
The People’s Bank of China, in its “Guiding Opinions on Building a
Green Financial System,” also emphasized the need to fully utilize
the securities market to guide social capital in supporting green
investment. Given the tightening resource constraints and
increasing demand for green development, it is imperative to
enhance resource efficiency and scale up green investments to
foster high-quality economic growth (Han and Qingxin, 2023).
According to sustainable development theory, directing capital
flows to green enterprises via market mechanisms is the most
dynamic, broadly accepted, and promising form of incentive
(Hou et al., 2024). However, current research on green
investment is still fragmented and lacks systematic exploration,
highlighting the urgent need to investigate how green investment
influences corporate green innovation. This study, therefore,
leverages data from Chinese listed companies between 2012 and
2022 to empirically analyze the mechanisms through which green
investment impacts green innovation, aiming to address gaps in the
existing literature.

2 Theoretical foundation and research
hypotheses

2.1 The theoretical origins of
innovation research

In existing economic growth theories, technology has always
been a contentious key factor of production. Early classical
economists like Adam Smith and David Ricardo viewed
technology as exogenously given. Subsequently, the rise of
neoclassical growth theory, represented by Marshall, introduced
innovation research as a distinct theoretical category. This can be
traced back to Joseph Schumpeter’s seminal work in 1912, “The
Theory of Economic Development” (Schumpeter, 1990), where he
pioneered the theory of technological innovation. Schumpeter
posited that innovation entails creating novel combinations of
production factors and conditions, thereby introducing new value
into production systems. This theory begins with the potential
maximization of profits and defines the innovation process as the
recombination of production factors and conditions. Specifically,
innovation encompasses five distinct forms: first, the introduction of
new products; second, the adoption of new production processes;
third, the development of new markets; fourth, the discovery of new
sources of raw materials; fifth, the establishment of new forms of
organizational enterprise.
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Schumpeter’s theoretical research, meanwhile, delved into the
relationship between innovation and economic growth, asserting
that innovation constitutes the primary source of a nation’s
economic advancement and development. Specifically, innovation
functions as an endogenous factor influencing enterprise production
activities, originating within and shaping the processes of business
production to generate greater value. However, due to fluctuations
in innovation across diverse economic sectors, varying initiation
times, and differing durations, its impact varies significantly across
economic domains. Moreover, Schumpeter’s theory proposes that
the waves of innovation occurring at different times contribute to
the formation of economic cycles (prosperity, recession, depression,
recovery) in capitalist economies, offering a fresh theoretical
perspective on innovation.

Schumpeter’s innovation theory, by highlighting for the first
time the creative impact of innovation on a nation’s economic
cycles, macroeconomic growth, and enterprise development, drew
significant attention to the importance of innovation in the
production process within the global academic community.
Following Schumpeter’s assertion of innovation’s pivotal role in
economic growth and enterprise development, traditional macro
and microeconomic theories no longer treat technological
innovation as a fixed production factor but rather as a variable
one. This paradigm shift explores its critical role in a nation’s
economic development and enterprise production, leading to the
emergence of two major research avenues: technological innovation
theory, focusing on technological advancements, and institutional
innovation theory.

2.2 The development trajectory of green
innovation theory

Green innovation theory, as a significant branch of innovation
theory, has undergone considerable development over the past half-
century. Specifically, Western economic theories have indicated that
a nation’s economic growth may occur at the expense of
environmental degradation. Balancing economic development
with green environmental performance has thus become a critical
aspect and theoretical focus in understanding how to foster long-
term economic growth. Consequently, research in green innovation
theory, aimed at achieving both economic and environmental
benefits concurrently, has gained increasing attention, although
related theoretical studies are still in their nascent stages.

Synthesizing theoretical research from scholars both
domestically and internationally, several analogous theoretical
concepts concerning green innovation have emerged since the
mid-to-late 1990s. Fussler and James (1996), focusing on
ecological innovation, defined green innovation as the
introduction of new products and processes that not only
enhance commercial value but also significantly diminish
negative environmental impacts. Expanding on this framework,
other similar concepts of green innovation have surfaced. Church
et al. (2008) introduced sustainable innovation, describing it as
technological changes that benefit the survival and wellbeing of
humanity as a whole. Oltra and Saint Jean (2009) utilized
environmental innovation to describe akin green innovation
concepts, specifically addressing new or enhanced processes,

practices, systems, and products that contribute positively to the
environment. In essence, these concepts underscore the importance
of innovation in substantially reducing environmental impacts or
benefiting the environment to ensure the survival and wellbeing of
all. While their descriptions vary slightly in precision, they can
largely be used interchangeably to explore the common themes of
green innovation (Tietze et al., 2014).

At the same time, existing theoretical literature has extensively
examined the primary categories of green innovation. Initially,
Porter and van der Linde (2000) define green innovation in
terms of product innovation and process innovation. The former
emphasizes the creation of new green products, while the latter
involves adjustments to existing products. Building on this, Chen
et al. (2006) introduced the theoretical concept of green
management innovation, integrating green practices and goals
into corporate strategies. Tseng et al. (2013) further developed
the theory with green technological innovation, encompassing
new green equipment and enhanced green production
technologies. Overall, a mature and universally recognized
theoretical framework for green innovation has yet to be fully
established. Continuous theoretical research is necessary to
address specific issues, enrich existing theories of green
innovation, and refine its foundational theories.

2.3 The theoretical distinctions and
connections between green innovation and
general innovation

Current theories exploring green innovation are still in their
infancy and have yet to establish a comprehensive theoretical
framework. However, some theoretical studies have examined the
theoretical distinctions and inherent connections between green
innovation and general innovation. Specific areas of theoretical
research focus on the following aspects:

Firstly, the fundamental difference between green innovation
and general innovation lies in their emphasis on environmental
friendliness. Green innovation emphasizes reducing the adverse
environmental impacts of corporate economic activities (Church
et al., 2008). The environmentally friendly characteristics of
green innovation are manifested in two main ways. On one
hand, green innovation underscores businesses’ intrinsic
motivation to enhance the environment. This emphasis on
environmental goals does not contradict the pursuit of profit
maximization, provided that businesses integrate principles of
sustainable development into their production and operations.
On the other hand, green innovation requires that the direction
and content of innovation be closely tied to environmental issues;
innovation in environmentally related business practices
constitutes its core focus.

Secondly, green innovation exhibits dual externality
characteristics (Rennings, 2000), meaning it can have positive
external spillover effects in both the research and development
(R&D) and diffusion stages (Yan, 2013). On one hand, during
the R&D stage, green innovation, like general innovation, has
externalities because it can crowd out other investments by the
enterprise, creating the first externality. However, unlike general
innovation, green innovation generates environmental benefits,
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thereby producing positive externalities for social development,
which is the second externality (Yan and Zou, 2005).

Thirdly, green innovation places greater emphasis on the pull
effect of environmental regulation (Yang and Shao, 2011). Unlike
general innovation, the economic benefits generated by corporate
green innovation often fall short of the R&D costs, significantly
reducing the incentive for enterprises to engage in green innovation.
Therefore, the driving force formed by external government
environmental regulation policies is crucial in influencing
corporate R&D investment.

Fourthly, compared to general innovation, green innovation
requires longer R&D cycles and higher R&D costs. As a special type
of corporate innovation activity, green innovation aims to improve
energy efficiency and reduce negative environmental impacts
through innovation (Horbach, 2008). Consequently, compared to
general innovation, green innovation is characterized by longer
R&D cycles, higher technical requirements, and a greater
likelihood of failure.

Overall, current theoretical distinctions between green
innovation and general innovation have not yet formed a
comprehensive theoretical framework. Existing literature has
primarily focused on their differences, and further theoretical
supplementation is needed to eventually develop a theoretical
system that includes green innovation.

2.4 Theoretical development of green
investment and its relationship with green
innovation

The theoretical development of green investment is a gradual
process that is closely intertwined with the concept of sustainable
development. In the 1970s, as environmental challenges became
increasingly severe, developed countries began to promote the green
transformation of industry through various green investment
projects. During this period, the theoretical foundations of green
investment were primarily rooted in environmental economics and
ecological economics, highlighting the significance of investment in
enhancing environmental quality (Rennings, 2000). Entering the
21st century, with growing global concern regarding climate change,
the theory of green investment further evolved to encompass a
broader array of areas, including green finance, corporate social
responsibility, and sustainable development strategies. The “Equator
Principles,” introduced by the United Nations Environment
Programme in 2003, established an international standard for
green investment and facilitated its global development. In
China, the theoretical advancement of green investment is closely
linked to national environmental policies and development
strategies. The 2015 release of the “Overall Plan for Ecological
Civilization System Reform” explicitly proposed the
establishment of a green investment system, marking a pivotal
moment in the formalization of green investment theory in
China. Subsequently, innovative practices in green finance—such
as green credit, green bonds, and green funds—have provided a rich
empirical foundation for the theory of green investment (Shen
et al., 2023).

Innovation theory posits that multiple factors drive innovation,
with investment being one of them. In an innovation-driven

economic development context, enterprise investors tend to
increase their funding to foster innovation, and when this
funding aligns with green innovation, it is termed green
investment. However, the extent to which investment can lead to
innovation is contingent upon the investors’ willingness and the
investment’s effectiveness. Green investment primarily encompasses
investments in environmental pollution control, water conservation,
and forestry. These investments are substantial and, in the short
term, not only fail to yield immediate returns but also crowd out
other operational investments. Nevertheless, if enterprise decision-
makers possess a strong sense of environmental responsibility and
adhere to social responsibility principles, they are more inclined to
actively pursue pollution control measures, especially when
supported by government subsidies.

Green investment exhibits a certain time lag; in the short
term, the effects of such investment do not immediately manifest,
potentially diverting funds from enterprise R&D and hindering
innovation. However, in the long term, green investment
gradually influences the transformation of enterprise
production and operational methods. Enterprises invest in
energy-saving and emission-reduction equipment, adopt green
production processes, and enhance environmental awareness,
progressively integrating green practices as fundamental
principles. This process fosters the accumulation of green
technology, environmental consciousness, and capital,
ultimately culminating in a new wave of innovation—green
innovation. Green innovation accelerates the economy’s green
transition, improves resource recycling and comprehensive
utilization efficiency, and ensures that green investments
achieve their intended impact.

After enterprises engage in green investment, they
continuously introduce and adopt green technologies to save
energy, reduce emissions, and protect the environment. This
emphasis on improving environmentally-friendly production
processes and methods promotes the development of green
innovation within enterprises. Currently, there is a scarcity of
literature on the relationship between green investment and
green innovation. Some scholars argue that green investment
impacts corporate green innovation through two primary
mechanisms: (1) Enhancing environmental performance.
Green investment is often associated with the adoption of
environmentally friendly technologies and practices, which
directly improve a company’s environmental performance.
This improvement not only enables firms to comply with
regulatory requirements but also strengthens their
competitiveness in the market (Tan et al., 2024). (2)
Strengthening corporate image and competitiveness. Green
investment contributes to an enhanced corporate image,
earning higher evaluations from consumers and investors.
This improved image can translate into increased market
competitiveness, creating broader market opportunities for the
firm’s green innovation activities (Gao et al., 2024a). This paper,
grounded in innovation theory, posits that green investment is a
driving force for green innovation, thereby promoting it. Based
on this premise, we propose the following hypothesis:

H1. In the long term, green investment has a positive impact on
enterprise green innovation.
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2.5 The theoretical mechanism of the impact
of green investment on enterprise green
innovation

2.5.1 Financing constraint mechanism
Green investment can facilitate enterprise green innovation by

easing financing constraints. Specifically, its impact operates across
three dimensions: macro, meso, and micro. From a macro
perspective, the stakeholders involved in green investment
encompass not only enterprises and the public but also
governments, international organizations, etc., acting as
“gateways or public magnets” (Wei and Shu, 2018). They provide
policy support for enterprise financing through policy frameworks,
institutional environments, and market institution development.
From a meso perspective, the selection of targets for green
investment adheres to stringent environmental and technological
standards. This not only regulates enterprise operations but also
fosters industrial upgrades (Fu and Yuan, 2018), thereby
contributing to industry standardization and mitigating
information asymmetry in financing. From a micro perspective,
the outcomes of green investment influence demand for enterprise
stocks, potentially boosting stock prices (Wei and Shu, 2018). This
not only encourages enterprises to engage in financing but also
provides direct financial support to mitigate financing costs. Based
on these observations, we propose the following hypothesis:

H2. Green investment impacts enterprise financing constraints and
influences green innovation.

2.5.2 Short-sighted management mechanism
Enterprises often face long cycles and delayed outcomes in

their green innovation endeavors. According to principal-agent
theory, during extended research and development processes,
management invests substantial time and effort while navigating
inherent risks. This situation can tempt some executives to
prioritize short-term gains, thereby obstructing the
implementation of enterprise green innovation strategies.
Incentive mechanisms for management aim to reduce agency
costs between shareholders and management, aligning
management interests with shareholder objectives. This
alignment encourages management to engage patiently in
innovative practices that contribute to the enterprise’s long-
term development (Jia et al., 2017). Management’s short-sighted
behavior is closely linked to the company’s investment decisions.
Green investment provides long-term funding support, which can
alleviate this short-sightedness and thus promote green innovation
(Fussler and James, 1996). Several scholars have examined the
impact of management equity stakes and corporate R&D
expenditures on green innovation. Their research findings
indicate that a higher proportion of management ownership is
associated with increased R&D spending and higher levels of green
innovation. This suggests that green investment plays a significant
role in mitigating management’s short-sighted behavior
(Balsmeier and Hickfang, 2017). Based on this analysis, we
propose the following hypothesis:

H3. Green investment influences the short-term focus of enterprise
management and impacts green innovation.

3 Empirical design

3.1 Research variables and definitions

3.1.1 Dependent variable
3.1.1.1 Green innovation level of enterprises (GIV)

Given that identifying enterprise green innovation is the
primary focus and challenge of this section’s research, compared
to general innovation identification, it proves to be relatively more
intricate. Relevant studies are still in their nascent stages. Therefore,
this paper solely examines the influence of green investment on
changes in the quantity of green patents held by enterprises,
specifically investigating its impact on enterprise green
innovation levels. This study adopts methodologies from Amore
and Bennedsen (2016) and Zhang et al. (2019), utilizing the
Environmental Sustainability Technologies (EST) index table to
ascertain whether each patent qualifies as a green patent based
on its IPC classification. Currently, the EST Consistency Index
categorizes environmental technologies into five major groups
and aligns them with IPC classification codes. Accordingly, we
primarily identify the green status of patents by cross-referencing
their IPC classification codes with the EST table.

Furthermore, based on the literature review conducted earlier,
for the measurement of green innovation, we exclude design patents
lacking IPC classification numbers and focus solely on samples of
utility model and invention patents. Concurrently, using the CPDP
database, we aggregate green patents applied for by the same
enterprise within the same year to determine the total number of
green patents applied for by that enterprise annually. Recognizing
the possibility of zero green innovation data for enterprises in a
given year, we adhere to the common practice in existing literature
(Brav et al., 2018; Qi et al., 2018; Jia and Cui, 2020a) of adding 1 to
the count and then taking the logarithm to derive the dependent
variable GIV in this paper, which serves as a measure of enterprise
green innovation level.

3.1.2 Independent variable
3.1.2.1 Green Investment (GI)

Corporate green investment refers to the “expense” and
“capitalization” investments made by enterprises in energy
conservation, emission reduction, environmental restoration, and
sustainability. “Expense” green investment specifically includes costs
related to environmental protection, governance, waste disposal,
and greening incurred by enterprises. “Capitalization” green
investment not only contributes to ecological preservation but
also generates economic benefits. This encompasses investments
in green fixed assets, development of renewable and clean energy,
research and development of energy-saving technologies,
innovation in green technologies and products, and recycling of
waste materials (Han and Rou, 2024). Therefore, based on detailed
items provided in the annual financial notes of heavily polluting
listed companies, this study aggregates “expense” and
“capitalization” green investments and applies natural logarithms
to measure green investments by heavily polluting enterprises.

3.1.3 Control variables
Tomitigate potential confounding effects on the impact of green

investment on enterprise green innovation at the company level and
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macroeconomic factors, this paper controls for two categories of
control variables.

Firstly, controlling for company-level characteristic variables:
Enterprise Size (ES): Following the approach of Li et al. (2016),

this is proxied by the logarithm of the number of employees in the
current year. Larger employee numbers correspond to larger
enterprise sizes. Given that innovation activities typically require
significant investments and risk-taking capabilities, enterprise size is
expected to positively correlate with innovation. Previous literature
supports this relationship.

Enterprise Age (AGE): The natural logarithm of enterprise age
indicates maturity. Generally, longer-standing enterprises operate
more systematically and exhibit higher maturity levels. Existing
studies (Zhang, 2015) find that older enterprises demonstrate
stronger innovation awareness and motivation, investing more in
R&D and innovation activities. Jia and Cui (2020a) further confirm
the relationship between enterprise age and green innovation.
Therefore, enterprise age is included as a control variable.

Capital Structure (CS): Represented by the ratio of total
liabilities to total assets at the end of the period. A ratio equal to
or exceeding 100% signifies potential insolvency. Generally,
enterprises with lower debt-to-asset ratios face fewer financial
constraints (Balsmeier et al., 2017) and exhibit less short-term
management myopia, which fosters innovation activities.

Asset Liquidity (AL): Represented by the ratio of current assets
to total assets (Fang et al., 2014). A higher proportion of current
assets indicates sufficient short-term funds, which supports green
innovation activities.

Technological Agglomeration (TA): A dummy variable
indicating whether the enterprise is located in a high-tech zone
(1 for yes, 0 for no). The impact of technological agglomeration on
enterprise green innovation has been extensively discussed
(Audretsch and Feldman, 1996; Xin and Lianshui, 2007). Given
the high technological requirements for innovation, technological
agglomeration facilitates knowledge spillover effects and enhances
collaborative innovation possibilities.

Export (EXP): A dummy variable indicating whether the
enterprise engages in exporting (1 for yes, 0 for no). Export-
oriented enterprises may enhance their technological capabilities
through the “learning effect from exports,” thereby influencing
enterprise innovation (Zhang and Liu, 2009; Zhang et al., 2016).
Controlling for these factors is essential to mitigate potential
confounding effects.

Secondly, controlling for macro-level influencing factors.
Considering that the macroeconomic conditions of the region
where enterprises are located can influence their green
innovation behaviors, this study further controls for provincial-
level economic variables (Yongze and Zhang, 2017; Gang and Shen,
2018; Jia and Cui, 2020b), which include:

Economic Condition (GDP): Represented by the logarithm of
provincial GDP (Giménez et al., 2015). Regional economic
development levels impact local enterprise innovation behaviors.
Generally, regions with higher economic development possess more
innovation resources, thereby facilitating innovation activities by
enterprises.

Population (POP): Measured by the logarithm of the total
population at the end of each year for each province. Innovation
activities heavily depend on the efforts of innovative personnel.

Regions with concentrated populations may demonstrate stronger
initiative in innovation (Ye et al., 2021).

Industrial Structure (IS): Measured by the proportion of value
added by the secondary industry to GDP. Given that industrial
enterprises are primary entities for technological innovation in
many countries (Chataway and Wield, 2000), controlling for
levels of industrialization and differences in industrial structures
is essential to address potential impacts.

Capital Intensity (CI). It is calculated by dividing fixed assets by
the average number of employees.

3.1.4 Sample selection and data sources
This study selects A-share listed companies on the Shanghai

and Shenzhen stock exchanges from 2012 to 2022 as the research
sample to investigate the impact mechanism of green investment
on enterprise green innovation. Since the 18th National Congress
of the Communist Party of China in 2012, the Chinese
government has increasingly prioritized green development
and ecological civilization construction, implementing a series
of policies to promote the green economy and green innovation.
Therefore, this study selects 2012 as the starting point. Taking
into account data availability and the consistency of statistical
standards, 2022 is chosen as the endpoint. Data on green
innovation levels are sourced from the CNRDS (China
National Research Data Sharing Platform), while data for
other variables are obtained from the CSMAR database. To
ensure data continuity and validity, ST and *ST companies
were excluded. The final study sample comprises 1,358 non-
balanced panel data enterprises, analyzed using Stata 18 for
empirical research.

3.2 Model specification

This study presents the following empirical regression model
(see Equation 1) to examine the effect of green investment on green
innovation:

GIVit � β0 + β1GIit + β2Controlit + FirmFE + YearFE + εit (1)

Here, GIV represents the level of enterprise green innovation,
serving as the dependent variable. GI denotes green investment, the
main explanatory variable. Control variables include both company-
level and provincial-level controls as described earlier. To account
for time-invariant company characteristics and time-varying trends,
we further control for firm fixed effects and year fixed effects. To
mitigate issues related to heteroscedasticity and serial correlation,
and considering potential correlations among enterprises within the
same province and industry, standard errors are clustered at the
province-industry level (Shi and Xu, 2018).

4 Empirical results

4.1 Descriptive statistics

Table 1 presents the descriptive statistics. It reveals that over the
sample period, the standard deviation of enterprise green innovation
level (GIV) is 0.104, indicating considerable variability in green
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innovation capabilities among firms. Similarly, there is significant
variation in green investment (GI), with a standard deviation of
0.608. Additionally, within the regression sample of this study, an
average of 0.71% of enterprises are located in high-tech zones, while
export-oriented enterprises make up an average of 33.21% of the
total sample.

4.2 Baseline regression

Utilizing the Hausman test for model selection, we obtained a
p-value of 0, which is less than 0.01, resulting in the rejection of the
null hypothesis. This finding suggests that fixed effects are more
suitable than random effects. Consequently, this paper adopts a two-
way fixed effects model to investigate the impact of green investment
on the level of green innovation in Chinese enterprises. Table 2
presents the baseline regression results. In the first column, it is
preliminarily observed that the coefficient of green investment on
enterprise green innovation is 0.005, significant at the 1% level,
indicating that green investment promotes increased green
innovation within enterprises. The second column includes
enterprise-level control variables, showing a consistently positive
impact coefficient of green investment on green innovation.
Columns three and four expand on column two by incorporating
provincial-level control variables. Column three relaxes control over
annual fixed effects, confirming that green investment (GI)
continues to significantly stimulate green innovation in
enterprises. Column four adjusts for all variables and double
fixed effects, presenting the final regression results, which
consistently demonstrate a positive coefficient for the impact of
green investment on green innovation, significant at the 1% level.

Specifically, a 1% increase in green investment (GI) results in a 0.5%
increase in enterprise green innovation level (GIV). It indicates that
green investment can significantly enhance the level of green
innovation within enterprises. This finding aligns with the
research results of Gao et al. (2024b) and Gao et al. (2024c),
further expanding on these areas. It provides new evidence not
only for understanding how green finance promotes sustainable
development through innovation but also for elucidating how green
policies can achieve environmental goals by influencing
corporate behavior.

Moreover, an examination of the control variables reveals the
following impacts. Firstly, the variable TA indicates that enterprises
situated in high-tech zones exhibit significantly stronger capabilities
in green innovation. This is because such enterprises typically
prioritize technological research and development, benefiting
from the spillover and transfer effects of technology
concentration, thereby enhancing their green innovation
capabilities. Secondly, the variable ES shows a negative
correlation between employee count and green innovation. This
may be attributed to innovative enterprises relying more on
technological competitiveness rather than labor costs, resulting in
a lower overall staff count. Thirdly, the variable CS suggests that
higher leverage ratios inhibit green innovation due to stricter
financing constraints faced by these enterprises. Fourthly, the
variable AGE demonstrates a negative relationship between
enterprise age and green innovation level, potentially because
longer-surviving enterprises feel less pressure from market
competition, particularly regarding increased production costs
due to environmental regulations, thus reducing their motivation
for green innovation. Fifthly, the variable AL shows a negative
association between asset liquidity and green innovation level,

TABLE 1 Descriptive statistics of main variables.

Variable name Observations Mean Standard deviation Maximum value Minimum value

Dependent variable

GIV 1,358 0.007 0.104 6.637 0.000

Independent variable

GI 1,358 0.216 0.608 8.060 −2.513

Company control variables

TA 1,358 0.007 0.089 1.142 0.000

ES 1,358 5.584 1.334 13.928 0.000

CS 1,358 0.669 0.327 1.737 0.008

AGE 1,358 0.183 1.017 1.109 0.000

AL 1,358 0.646 0.265 1.122 0.001

EXP 1,358 0.332 0.519 1.142 0.000

Province control variables

GDP 1,358 18.592 1.250 21.388 13.741

POP 1,358 7.122 0.721 10.220 3.057

IS 1,358 0.573 0.101 1.039 0.103

CI 1,358 12.817 0.949 15.413 9.268
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indicating that enterprises with higher liquidity have fewer resources
available for long-term investments like green innovation, thereby
limiting their efforts in this area. Sixthly, the variable EXP suggests
that export-oriented enterprises are more inclined towards green
innovation, likely due to their larger asset base and higher
technological capabilities. Regarding provincial-level control
variables, enterprises located in regions with higher economic
development engage in more green innovation activities,
consistent with existing literature. This trend may be attributed
to lower financing constraints faced by enterprises in economically
developed regions, thereby facilitating increased green innovation.

4.3 Robustness test

4.3.1 Change model specification
To bolster the credibility of our conclusions, we conducted

additional robustness tests by adjusting model specifications. As
noted in prior studies, substantial industry-specific variations exist
in the green innovation behaviors of enterprises. These industry-
specific traits may confound the baseline regression outcomes of this
study, potentially introducing biases in our conclusions. Hence, we

TABLE 2 Baseline regression results.

Variable name (1) (2) (3) (4)

GIV GIV GIV GIV

GI 0.005*** 0.005*** 0.005*** 0.005***

(0.001) (0.002) (0.002) (0.002)

TA 0.014** 0.014** 0.014**

(0.006) (0.006) (0.006)

ES −0.000* −0.000* −0.000*

(0.000) (0.000) (0.000)

CS −0.001* −0.001* −0.001*

(0.001) (0.001) (0.001)

AGE −0.003*** −0.001* −0.002***

(0.001) (0.001) (0.001)

AL −0.002* −0.002** −0.002**

(0.001) (0.001) (0.001)

EXP 0.002*** 0.002*** 0.002***

(0.001) (0.001) (0.001)

GDP 0.010*** 0.003*

(0.002) (0.002)

POP 0.001 0.001

(0.002) (0.001)

IS −0.025*** −0.015

(0.009) (0.009)

CI 0.001 −0.001

(0.001) (0.001)

Constant 0.005*** 0.014*** −0.145*** −0.031

(0.000) (0.002) (0.022) (0.028)

Firm FE Yes Yes Yes Yes

Year FE Yes Yes No Yes

Observations 1,358 1,358 1,358 1,358

R2 0.591 0.636 0.635 0.635

Note: ***, **, and * denote significance levels of 1%, 5%, and 10%, respectively, throughout.

TABLE 3 Robustness test results.

Variable
name

(1) (2) (3) (4) (5)

GIV GIV GIV GIV PRO

GI 0.005*** 0.006*** 0.006*** 0.006*** 0.001*

(0.002) (0.001) (0.001) (0.001) (0.000)

TA 0.012** 0.014** 0.014** 0.014*** 0.003*

(0.005) (0.006) (0.007) (0.005) (0.002)

ES −0.000 −0.000 −0.000* −0.000* −0.000

(0.000) (0.000) (0.000) (0.000) (0.000)

CS −0.001 −0.001 −0.001 −0.001** −0.001**

(0.001) (0.001) (0.001) (0.000) (0.000)

AGE −0.002*** −0.003*** −0.003** −0.003*** −0.000

(0.001) (0.001) (0.001) (0.000) (0.000)

AL −0.000 −0.002* −0.002 −0.002*** −0.001**

(0.001) (0.001) (0.002) (0.001) (0.000)

EXP 0.002*** 0.002*** 0.002*** 0.002*** 0.001**

(0.001) (0.001) (0.001) (0.000) (0.000)

GDP 0.003 0.003* 0.003** 0.003*** 0.000

(0.002) (0.002) (0.001) (0.001) (0.001)

POP 0.001 0.001 0.001 0.001 0.000

(0.001) (0.001) (0.001) (0.001) (0.001)

IS −0.008 −0.015** −0.015* −0.015*** −0.000

(0.007) (0.007) (0.008) (0.004) (0.000)

CI −0.001 −0.001 −0.001 −0.001* −0.000

(0.001) (0.001) (0.001) (0.000) (0.000)

Constant −0.021 −0.031 −0.031 −0.031** −0.001

(0.024) (0.031) (0.023) (0.015) (0.011)

Firm FE Yes Yes Yes Yes Yes

Year FE No Yes Yes Yes Yes

Prov*Year No No No No No

Ind*Year Yes No No No No

Observations 1,358 1,358 1,358 1,358 1,358

R2 0.561 0.556 0.556 0.556 0.508
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incorporated industry-time fixed effects into the regression model.
Table 3, column (1), presents the primary outcomes, revealing that
the impact coefficient of green investment (GI) on enterprise green
innovation level (GIV) remains consistently positive and significant.
This underscores the robustness of our initial findings.

Moreover, considering potential correlations among enterprises
within the same industry and province, this study clustered standard
errors at the province-industry level. To ensure the reliability of our
conclusions under various clustering methods, standard errors were
also clustered at the province, industry, and firm levels in columns
(2), (3), and (4) of Table 3, respectively, with corresponding
regression results reported. The results consistently show that the
coefficient of green investment (GI) on enterprise green innovation
level (GIV) remains significantly positive at the 1% significance level
across all clustering approaches. Thus, clustering standard errors at
different levels does not alter the regression outcomes of this study.
This reaffirms that green investment (GI) effectively enhances
enterprise green innovation level (GIV), underscoring the
robustness of our findings.

4.3.2 Replace the dependent variable
In the baseline regression, the natural logarithm of one plus the

number of green patents applied for by the company in a given year
is used as a proxy variable for the company’s green innovation.
Building on the approach from existing literature (Jia and Cui,
2020b), we further measure the company’s green innovation level
using the green patent ratio (PRO), calculated as the ratio of green
patents to total patents applied for in that year. This adjustment
accounts for the overall increase in corporate innovation driven by
the Chinese government’s heightened emphasis on innovation and
environmental protection during the sample period. If the positive
effect of green investment on the green patent ratio is absent, it
suggests that the observed increase in corporate green innovation in
the baseline regression may simply reflect a normal trend induced by
government policies, rather than being attributable to higher levels
of green investment.

Column (5) of Table 3 reports the regression results using the
green patent ratio (PRO) as the dependent variable. The results show
that the coefficient of green investment (GI) on the green patent
ratio (PRO) is 0.001, significant at the 10% level, indicating that the
current increase in green investment significantly raises the
proportion of green innovation in Chinese enterprises. Green
investment plays a crucial role in guiding corporate innovation
strategies toward green innovation, with firms increasingly favoring
green innovations in their strategic choices.

4.4 Heteroskedasticity test

4.4.1 Corporate ownership
In China, enterprise types mainly include private enterprises and

state-owned enterprises (SOEs). This study suggests that compared to
private enterprises, Chinese SOEs are more likely to secure loans from
domestic banks and other financial institutions, facing fewer financing
constraints. Consequently, the financial support effect of green
investment on SOEs is relatively limited. This can be attributed to
two primary reasons: first, under potential government guarantees,
SOEs have a lower probability of defaulting on debts, leading banks to

prefer lending to SOEs after assessing repayment capability and risks
(Shen and Liao, 2020); second, SOEs typically have longer survival
durations and maintain stable relationships with banks, resulting in
reduced information asymmetry issues. Thus, under similar
circumstances, SOEs are more likely to obtain loans (Brandt and Li,
2003). Given that the ownership structure of enterprises can influence
the impact of green investment on green innovation, this study further
divides the overall sample into two sub-samples: private enterprises and
SOEs for further investigation.

Columns (1) and (2) of Table 4 respectively present the effects of
green investment on green innovation in private enterprises and
SOEs. The findings reveal a significantly positive impact of green
investment on green innovation in private enterprises, whereas for
the SOE subgroup, the effect of green investment on green
innovation is not statistically significant.

4.4.2 Industry competitiveness
Previous research has demonstrated that industry

competitiveness influences firms’ innovation behaviors (Hashmi,
2013; Qiu et al., 2018). This study explores how the impact of green
investment on enterprise green innovation varies depending on the
level of industry competitiveness. Specifically, using the Herfindahl
index, we calculate the share of total industry revenue accounted for
by the top 5 firms in each two-digit industry sector, which serves as a
measure of industry concentration (Matsumoto et al., 2012).
Columns (3) and (4) of Table 4 present the distinct effects of
green investment on enterprises operating in highly and less
competitive industry environments.

The findings reveal that for enterprises in highly competitive
industries, the coefficient of green investment on green innovation is
0.007 and statistically significant at the 1% level, indicating that
green investment significantly stimulates green innovation in such
competitive settings. However, for enterprises in less competitive
industries, the impact of green investment on green innovation is
not statistically significant. This differential effect may be attributed
to the ability of green investment to attract additional capital,
thereby fostering green innovation activities. In highly
competitive industries, adequate capital is essential for expanding
market share and increasing investments in research and
development, thus bolstering green innovation.

4.5 Mechanism test

Previous theoretical mechanism research indicates that green
investment impacts enterprises’ green innovation activities in
two primary ways. Firstly, green investment provides enterprises
with increased financial support, which alleviates the inhibitory
effects of financing constraints on green innovation activities,
thereby promoting such innovation. Secondly, beyond financial
support, green investment introduces advanced corporate
management practices to the invested enterprises. This helps
reduce short-termism, where management focuses solely on
immediate gains and neglects long-term innovation, thus
motivating enterprises to increase R&D expenditures and
pursue green innovation. We will empirically test the intrinsic
mechanisms by which green investment influences green
innovation from these two perspectives.
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4.5.1 Financing constraint mechanism
Green investment, as a crucial financing channel, can

supplement enterprises’ operating capital, providing sufficient
funds for their green innovation activities. Adopting the
methodology of Hadlock and Pierce (2010), this study constructs
a comprehensive index, as shown in Equation 2, to measure the
financing constraints faced by enterprises:

SAIndexit � −0.737 pAssetit + 0.043 pAssetit
2 − 0.040 pAgeit (2)

The SAIndex is used to measure financing constraints, where
Asset represents the total assets of the enterprise and is taken in
logarithmic form, and Age refers to the age of the enterprise. In this
formula, a larger SAIndex indicates greater difficulty for enterprises
in achieving green innovation.

Column (1) of Table 5 reports the impact of green investment (GI)
on the level of financing constraints (SAIndex), revealing that GI has a
significant negative effect of −0.0765. This result indicates that green
investment helps alleviate financing constraints faced by enterprises.

TABLE 4 Heterogeneity test results.

Variable name (1) (2) (3) (4)

Private enterprises State-owned enterprises Intense competition Low competition

GIV GIV GIV GIV

GI
0.013** −0.008 0.007*** 0.003

(0.005) (0.012) (0.002) (0.003)

TA
0.016** 0.001 0.016 0.009*

(0.007) (0.017) (0.010) (0.005)

ES
−0.000 −0.000 −0.000 −0.000

(0.000) (0.001) (0.000) (0.000)

CS
−0.001 −0.003* −0.001 −0.001

(0.001) (0.002) (0.001) (0.001)

AGE
−0.002*** 0.001 −0.005*** −0.001

(0.001) (0.003) (0.001) (0.001)

AL
−0.001 −0.001 −0.004*** 0.001

(0.001) (0.003) (0.001) (0.001)

EXP
0.002*** 0.004 0.002* 0.003***

(0.001) (0.003) (0.001) (0.001)

GDP
0.006** 0.010** 0.005 0.003**

(0.003) (0.005) (0.004) (0.002)

POP
0.003 −0.003 0.000 0.002

(0.003) (0.006) (0.002) (0.002)

IS
−0.019* −0.035* −0.017 −0.017*

(0.011) (0.018) (0.017) (0.009)

CI
−0.001 −0.002 −0.001 −0.001

(0.001) (0.001) (0.001) (0.001)

Cons
−0.076* −0.098* −0.037 −0.042

(0.044) (0.059) (0.049) (0.032)

Firm FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

N 1,172 186 691 667

R2 0.558 0.596 0.545 0.591
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Moreover, existing literature has examined the impact of
financing constraints on innovation activities (Brown et al., 2012;
Amore et al., 2013; Cornaggia et al., 2015; Ju et al., 2013). Since R&D
requires funding (Brown and Petersen, 2011), and the risks
associated with R&D investments are difficult to assess (Zhou
et al., 2017), the constraints on available capital for R&D are
typically greater than for other investments. Therefore, the
financing constraint mechanism warrants further examination
(Zhang et al., 2012). Additionally, compared to general types of
innovation, green innovation often requires larger investment
amounts, yields lower returns, and has longer payback periods,
leading to potentially more severe financing constraint issues (Yang
and Yuting, 2019). This results in a greater reliance on green

investment. Consequently, according to this mediating
mechanism, green investment can enhance enterprises’ green
innovation capabilities by relaxing the constraints on their
available capital.

4.5.2 Management myopia mechanism
Green investment can introduce advanced management

experience and managerial talent, which helps mitigate
management myopia and thereby enhance the level of green
innovation in enterprises. Given that innovation activities in
enterprises involve high investment, high risk, high returns, and
long payback periods, management may prioritize short-term
performance due to considerations such as reputation
(Narayanan, 1985) and the risk of dismissal (Chintrakarn et al.,
2016). This can result in substantial funds being directed towards
projects with short payback periods and low investment risks, while
neglecting long-term investments like green innovation.

Based on existing literature, we use three indicators to measure
the extent of management myopia in enterprises. First, considering
that a primary manifestation of management myopia is increased
short-term investments by the enterprise, the greater the proportion
of short-term investments, the more severe the management
myopia. Following the approach of Yihua et al. (2018), we use
the ratio of short-term investments to total assets (MMS) to measure
the degree of management myopia. Second, myopic management
tends to reduce long-term investments like innovation, so the less
the long-term investment, the more severe the management myopia.
Therefore, we also use the ratio of long-term investments to total
assets (MML) as a second measure of management myopia. Third,
within long-term investments, R&D expenditures are a key input for
innovation and are closely related to innovation outcomes. Thus, the
degree of management myopia can be reflected in changes in R&D
expenditures, with greater reductions indicating more severe
management myopia. Following the approach of Bushee (1998),
Tian and Estrin (2007), and Chen et al. (2015), we measure the
variable MMR by taking the difference between R&D expenditure in
period t and period t-1, scaled by total assets, to assess
management myopia.

Columns (2), (3), and (4) of Table 5 report the impact of green
investment on the three proxy variables for management myopia.
The results show that regardless of the indicator used, the
coefficients of green investment on management myopia do not
pass the significance tests, ruling out measurement error
interference with the conclusions. This indicates that green
investment does not significantly impact management myopia.
This may be because the amounts involved in green investment
are usually limited and cannot fundamentally alter the ownership
structure of Chinese enterprises, thus failing to sufficiently influence
management’s investment decisions.

In summary, green investment can promote green innovation by
alleviating financing constraints in enterprises, but it does not
mitigate management myopia as an intermediate channel.

5 Conclusion and recommendations

A sustainable development strategy is fundamental for the long-
term survival and growth of enterprises. Embracing green

TABLE 5 Mechanism test results.

Variable name (1) (2) (3) (4)

SA MMS MML MMR

GI
−0.087*** 0.001 0.001 0.000

(0.003) (0.001) (0.015) (0.001)

TA
−0.017*** 0.002* 0.008 0.014

(0.004) (0.001) (0.013) (0.020)

ES
0.004*** −0.001 0.020 0.000

(0.000) (0.001) (0.038) (0.000)

CS
−0.002 −0.033 −0.704 0.008

(0.002) (0.042) (0.611) (0.011)

AGE
0.045*** −0.022 −0.201 0.004

(0.004) (0.028) (0.287) (0.005)

AL
−0.009*** −0.021 −0.484 0.004

(0.002) (0.024) (0.402) (0.007)

EXP
−0.020*** 0.000 0.009 0.000

(0.001) (0.001) (0.013) (0.001)

GDP
−0.018*** −0.011 −0.026 0.005

(0.006) (0.017) (0.056) (0.008)

POP
0.005 −0.004 −0.063 0.001

(0.004) (0.004) (0.069) (0.001)

IS
−0.024 −0.012** −0.144 0.028

(0.020) (0.006) (0.227) (0.021)

CI
−0.011*** −0.003 −0.014 −0.001

(0.002) (0.002) (0.025) (0.001)

Constant
4.340*** 0.338 2.124 −0.100

(0.084) (0.411) (2.706) (0.166)

Firm FE Yes Yes Yes Yes

Year FE Yes Yes Yes Yes

N 1,358 682 1,168 273

R2 0.912 0.381 0.370 0.557
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investment principles, enhancing innovation capabilities, and
prioritizing green development are crucial drivers of China’s
high-quality economic growth and essential pathways for
accelerating the formation of new productive forces. This study,
drawing on data from Chinese listed companies between 2012 and
2022, investigates the impact of green investment on corporate green
innovation. The findings demonstrate that: First, green investment
significantly enhances the green innovation levels of Chinese
enterprises, and this result remains consistent even after
adjusting the model specifications. Second, the impact of green
investment on corporate green innovation is markedly
heterogeneous. The positive effect of green investment on green
innovation is more pronounced in private enterprises and those
operating in highly competitive industries. Third, green investment
primarily promotes corporate green innovation by alleviating
financing constraints, while the intermediate mechanism of
mitigating managerial myopia is not observed.

The research conclusions of this paper offer valuable insights for the
government in formulating effective policies and guiding corporate
practices. Accordingly, the following recommendations are proposed.

Firstly, given that green investment significantly promotes
corporate green innovation, China should continue to introduce and
refine green investment policies. Attention should also be focused on
enterprises with green technologies, gradually easing restrictions on the
scope of green capital investment, expanding the breadth and depth of
green capital infusion, and fully harnessing the positive impact of green
investment on enhancing local enterprises’ green innovation
capabilities. Additionally, financial institutions should be encouraged
to develop a wider range of financial products related to green
investment, such as green bonds and green funds, to attract more
private capital into the green sector. Through policy guidance, it is
essential to promote green competition among enterprises, thereby
stimulating corporate green innovation and facilitating the green
transformation of entire industries.

Secondly, considering the substantial financing constraints faced by
private enterprises domestically, green investment can offer substantial
funding to support their green innovation activities. State-owned
enterprises, benefiting from implicit government guarantees and
longstanding stable bank-enterprise relationships, encounter fewer
financing constraints. Therefore, domestic financial institutions such
as banks should provide more supportive loans for green innovation
initiatives of private enterprises, relax green credit approval criteria,
actively cultivate green credit services, mitigate financing hurdles for
both enterprise types, and ultimately enhance green innovation
capabilities across all domestic enterprises. Additionally, state-owned
enterprises should be encouraged to engage in green investment
through market mechanisms to improve the efficiency and
effectiveness of these investments.

Thirdly, the heterogeneous test results of this study indicate that
green investment’s promotion of corporate green innovation is notably
pronounced in highly competitive industries. Consequently, the
government should foster healthy market competition within sectors,
encourage all enterprises to proactively engage in green innovation
endeavors, empower Chinese enterprises to achieve competitive
advantages through innovation, and drive forward corporate green
transformation, upgrading, and innovation enhancement. Enterprises
should integrate green investment into their long-term development
strategies by increasing their investments in green technologies,

products, and processes to bolster their green innovation capacities.
Furthermore, by optimizing their capital structures, they can lower
financing costs and provide stable financial support for green innovation.

This paper presents empirical evidence of the relationship between
green investment and green innovation among listed companies in China,
thereby enriching interdisciplinary research in the fields of green finance
and innovation management and providing new insights for policy
formulation. However, this paper focuses on data analysis exclusively
from listed companies in China, and future research could broaden its
scope to include additional countries and regions, thereby enhancing the
generalizability of the findings. Furthermore, the econometric model in
this studymay face limitations in analyzing the relationship between green
investment and green innovation, including potential endogeneity issues,
measurement errors, and challenges in accounting for critical context-
specific factors. Future research should advance beyond traditional
econometric models by adopting a multidimensional approach.
Moreover, while this study primarily measures green investment
through financial data, future investigations could integrate non-
financial indicators, such as corporate environmental performance and
social responsibility, to provide a more comprehensive evaluation of the
effects of green investment. Finally, subsequent research could delve
deeper into the multidimensional aspects of green innovation,
encompassing product innovation, process innovation, and
management innovation, and examine how these various dimensions
are influenced by green investment.
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