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Abstract: This study builds upon existing research on institutional investors and corporate green in-
novation by distinguishing green investors, who prioritize environmental contribution, from general
institutional investors. Drawing on the stakeholder theory and the Porter hypothesis, we hypothesize
that the shareholdings of green investors can effectively stimulate corporate enthusiasm for green
innovation, with state ownership exerting a positive moderating influence. Utilizing panel data from
China’s A-share listed manufacturing firms spanning from 2010 to 2019, we employ a fixed effect
regression model to test these hypotheses. Our empirical findings confirm our expectations, demon-
strating that green investors’ shareholdings indeed foster corporate green innovation. Moreover, we
observe that this positive relationship is amplified within state-owned enterprises, indicating the
presence of a robust and stable environmental regulatory framework across the market. Additionally,
our results support the Porter hypothesis, suggesting that adherence to environmental regulations
can coexist with firm performance rather than being mutually exclusive. This study contributes to
the literature on green investors and corporate green innovation, providing valuable insights for the
development of China’s green financial system and sustainable development strategies.
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1. Introduction

With rising environmental pollution and frequent natural disasters like El Nifio and
forest fires, governments globally are increasingly leaning towards implementing environ-
mental regulations (ER), urging companies to conserve energy and lower emissions. For
instance, The Paris Agreement encourages countries to adopt the carbon emissions trading
system to achieve a low-carbon economic development transition (Lian et al., 2022) [1].
Environmental regulations can bring additional compliance cost on entities and, thus,
destroy firms’ performance. To avoid the negative impact of ER on firm performance,
enterprises may choose to conduct green innovation activities (Lian et al., 2022) [1]. Green
innovation, also known as green technology innovation or sustainable innovation, was first
proposed by Braun and Wield (1994) [2]. It refers to innovations in technology associated
with ecological environment improving, energy saving, waste recycling, and emissions
reduction (Carrion-Flores and Innes, 2010 [3]; Bai et al., 2019 [4]).

Research on green innovation predominantly adopts an optimistic attitude. Chen
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environmental effects but also yield economic advantages by optimizing the utilization of
limited resources, while promoting social cohesion (Fu et al., 2016 [6]).

Su, He, and Yin (2009) [7], from a corporate standpoint, define corporate green in-
novation as the process of increasing innovation’s economic benefits while considering
long-term economic and environmental gains. Besides core green technological innovation,
innovation in green systems also holds significance and has guiding and supportive roles,
with both aspects complementing each other (Chen and Feng, 2020 [8]). Given the increas-
ingly pivotal role of green innovation, it is worthwhile to explore strategies for stimulating
enterprises’ green innovation practices.

Several factors may influence the extent of corporate green innovation. Among these,
institutional investors wield considerable influence on firms, as they provide financing.
Green investors, a subset of institutional investors particularly focused on environmental
protection, deserve closer examination. Previous studies on the impact of institutional
investors on technological innovations have generally treated them as a collective entity,
without distinguishing between different types of investors based on their motivations.
This paper aims to address this gap by specifically investigating the impact of the presence
of green investors on enterprises’ green innovation initiatives.

In line with previous research (e.g., Jiang, Lu, and Li, 2021 [9]), we define green
investors as funds that specifically target and invest in sectors related to green initiatives,
environmental preservation, renewable energy, and ecological sustainability. Despite the
fact that China’s socially responsible fund market is still in its nascent stages, these funds
demonstrate distinct objectives compared to traditional investment funds, incorporating
economic, environmental, and social considerations (Zhang, 2021 [10]). Drawing from
stakeholder theory, which posits that enterprises have a responsibility to fulfill the needs of
various stakeholders, we anticipate that the presence of green investors will incentivize
firms to engage in green innovation.

Variations in institutional frameworks play a significant role in shaping differences in
innovation activity and performance among nations (Choi, Lee, and Williams, 2011 [11]).
For example, the Anglo-American model is characterized by widely dispersed ownership,
reliance on equity-based financing systems, and a market-centric approach to corporate
oversight. The German-Japanese stakeholder model emphasizes long-term and bank-
centric finance, ownership concentration by large blockholders, and control mechanisms
rooted in insider influence (e.g., La Porta et al., 1996 [12]; Hall and Soskice, 2001 [13];
Aguilera and Jackson, 2003 [14]). However, due to substantial institutional diversity, many
countries do not neatly fit into these established models (Aguilera and Jackson, 2003 [14]).

Chinese corporations, for instance, demonstrate distinctive corporate governance char-
acteristics, including concentrated ownership structures (Choi et al., 2011 [11]), ownership
by families and insiders (Filatotchev et al., 2007 [15]), state ownership, and an increasing
presence of institutional and foreign investors (Chang, Chung, and Mahmood, 2006 [16]).
Given the transitioning nature of the Chinese economy, exploring green innovation within
Chinese listed entities offers valuable insights into the literature on this topic.

Furthermore, we examine how state ownership affect the influence of green investors.
State-owned enterprises (SOEs), known for their political significance, are utilized by
governments as a means to engage in the market. We contend that due to the alignment
between the environmentally beneficial nature of green innovation and the inherently
public nature of SOEs, these enterprises will exhibit increased enthusiasm and effectiveness
in pursuing green technological innovation.

Regarding the relationship between environmental regulation and enterprises’ in-
novation practices, three main perspectives emerge. The first perspective, known as the
“Porter Hypothesis”, initially introduced by Porter (1991) [17], proposing that economic
development and environmental protection are not mutually exclusive but rather mutually
reinforcing. From a corporate standpoint, adherence to appropriate environmental reg-
ulations can enhance a company’s enthusiasm and capabilities for innovation, optimize
resource utilization, and ultimately strengthen its competitive edge (Porter, 1991 [17]).
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Porter and Van der Linde (1995) [18] further refined this hypothesis, arguing that well-
designed environmental regulations enforced by governments or pressures from other
stakeholders can stimulate businesses to actively innovate. Despite the substantial re-
sources and costs required for research and development efforts, the eventual benefits
of innovation outweigh the associated costs and yield additional returns, a phenomenon
known as the “innovation-offset effect” (Porter and Van der Linde, 1995 [18]). While this
effect may not be immediately evident in the short term and may only partially offset costs,
in the long run, environmental regulations contribute to a company’s competitiveness and
operational efficiency, enabling it to fulfill its social responsibility for both environmental
protection and economic development.

The second perspective presents an opposing argument, asserting that environmen-
tal regulations impose burdens on enterprises, leading to a reduction in technological
investments and consequently harming innovation (Song, Zhang, and Zhang, 2021 [19]).
Conversely, the third perspective suggests uncertainty regarding the relationship between
environmental regulation and corporate innovation activities, proposing the potential for a
non-linear correlation between the two (Huang et al., 2022 [20]).

We aim to investigate whether the Porter hypothesis holds true by analyzing the influ-
ence of state ownership on the implementation of green innovation practices. Ownership
structure can significantly impact the adoption of green technology innovation. Theo-
retical research on innovation within state-owned enterprises (SOEs) typically explores
managerial, political, and resource-based perspectives. From a managerial standpoint, the
principal-agent problem suggests that SOEs, facing governance challenges, may exhibit
conservatism, leading to limited enthusiasm for green innovation. The political perspective
argues that government control over SOEs can hinder efficiency due to political influences
on decision-making processes. However, the resource perspective suggests that SOEs, with
their access to abundant resources, are well-positioned for green innovation initiatives.
Moreover, the close alignment between SOEs and the government can reduce information
asymmetry, thereby enhancing innovation efficiency.

Using a sample of 10,100 firm-year observations of Shanghai and Shenzhen A-share
listed companies from 2010 to 2019, we investigate whether green investors’ holdings can
effectively promote corporate green technological innovation, as well as the moderating
role of state-owned enterprises in the relationship between green investors and green
technological innovation. We conduct fixed effect regression analysis to test our hypotheses.
According to the existing literature, we expect that the entry of green investors will posi-
tively affect corporate green innovation. In addition, we expect more pronounced results
in state-owned enterprises. Empirical results support our hypotheses, suggesting that the
presence of green investors encourage enterprises’ green innovation activities. We also find
that this positive effect of green investors on green innovation is more pronounced among
state-owned enterprises, indicating the nation’s relatively sound environmental regulations
(ER) system and strong regulation. Our finding provide support for the Porter hypothe-
sis. Our findings are robust to instrumental analysis, propensity score matching analysis,
multi-time-point difference-in-differences analysis, and alternative measurement tests.

Our research makes several significant contributions to the existing literature. Firstly,
we distinguish between green investors and general institutional investors, demonstrating
the positive influence of environmentally focused investors on corporate innovation. Sec-
ondly, we separate green innovation from general technological innovation, allowing for a
precise assessment of how green investors impact environmental innovation within enter-
prises. Thirdly, our findings highlight the facilitative role of state ownership in promoting
green innovation. Through an examination of the green innovation activities of state-owned
enterprises, we provide empirical support for the Porter hypothesis, suggesting that the
benefits and profits derived from green innovation outweigh the compliance costs associ-
ated with environmental regulations. Our study expands the body of literature on green
investors and green innovation while offering insights specific to the Chinese market.
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The remainder of this article is organized as follows: Section 2 provides a review of the
relevant literature and develops hypotheses; Section 3 outlines our research methodology;
Section 4 presents the empirical findings; and Section 5 concludes and offers further discussion.

2. Literature Review and Hypothesis Development

Green innovation, also referred to as environmental innovation, encompasses the
advancement of eco-friendly production methods and the application of new or adapted
knowledge and technologies to mitigate environmental damage (e.g., Brunnermeier and
Cohen, 2003 [21]; Roh, Lee, and Yang, 2021 [22]). Green innovation, compare to other forms
of innovation, exerts more externality as it helps to create a safer and cleaner world (Berrone
et al., 2013 [23]). Green innovation is different from conventional technological innovation
due to its “double externality”. The first externality of corporate green innovation involves
the “knowledge spillover externality”. Due to inadequate intellectual property protec-
tion, companies achieving advancements in green technology innovation may find their
achievements replicated by other firms (Xiang, Liu, and Yang, 2022 [24]). Consequently, the
overall benefits of green innovation may vary significantly, reducing businesses’ incentive
for further green innovation.

The second externality of corporate green innovation concerns the “environmental
spillover externality”. Companies committed to social responsibility incorporate envi-
ronmental protection considerations into their production and operations, engaging in
relevant green innovations such as novel production processes aimed at reducing or even
ameliorating environmental pollution during product manufacturing [24]. This conduct
contributes to environmental conservation and ecosystem enhancement, benefiting the
entire industry and society. However, businesses do not receive compensation for these
actions, significantly impacting their motivation for green innovation.

Friedman (2007) [25] posits that investments in environmental protection that provides
advantages to external stakeholders at the cost of shareholders will decrease firm value
and firm profitability, which is against the development of corporations. With enlarged
amounts of research examining green innovation and green investment, it is now widely
recognized that green innovation holds significant importance for both businesses and
society. Prior studies have revealed positive correlations between green innovation and firm
performance, covering both environmental and economic indicators (e.g., Berrone et al.,
2013 [23]; Chen et al., 2006 [26]). Research findings (e.g., Shrivastava, 1995 [27]; Qiu et al.,
2020 [28]) suggest that green innovation effectively minimizes waste and costs through
enhancements in energy and fuel efficiency, mitigation of carbon emissions, and recycling-
based waste reduction, thereby enhancing environmental performance. Implementing
green innovation can result in increased productivity, ultimately contributing to enhanced
long-term economic performance for firms (Ma, Hou, and Xin, 2017 [29]), with the profits
generated from corporate environmental protection endeavors expected to be sustainable
(Zhou and Jin, 2023 [30]).

Green innovation provides solutions for increasing resource productivity and reduc-
ing cost and emissions, which improves both industry performance and environmental
performance (Pujari, 2006 [31]). Regarded as a management framework, green innovation
promotes environmentally conscious practices, aiding firms in conforming to international
environmental reporting standards and carbon tax regulations (Adams et al., 2016 [32];
Wang and Jiang, 2021 [33]). Examining both conventional innovation and green innovation,
Khalil and Nimmanunta (2023) [34] find that both measures of innovation lead to increases
in firm value, yet conventional innovation benefits firm valuation sacrificing environmental
quality while green innovation improves either type of firm performance.

Corporate green innovation is a part of corporate governance, yet it diverges from
traditional governance initiatives due to the high uncertainty and complexity inherent
in research and development projects (Huang et al., 2022 [20]). Corporate innovation,
functioning as a strategic action, might be driven by various incentives such as advanc-
ing technological advancements, maintaining competitiveness, and obtaining additional
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benefits like addressing stakeholders’ needs and regulatory compliance (Lian, Xu, and
Zhu, 2022 [1]). These motivations substantially influence the quality of innovation. The
existing literature often examines environmental regulation and innovation intensity with-
out distinguishing between green innovation and broader technological advancements
(Lian et al., 2022 [1]). We aim to fill this gap by separating green innovation from general
technological innovations.

2.1. Green Investors and Enterprise Green Innovation

The factors influencing the adoption of green innovations have been of particular in-
terest to scholars, especially from the perspective of stakeholders. Investors are a significant
component of external stakeholders, among whom institutional investors are fundamental
due to their size and influence. Institutional investors play not only the role of investors
in the financial market, but also participate in corporate decision-making and governance
through various means, exerting a certain influence on corporate behavior (Cai and Rao,
2015 [35]). Barnea, Heinkel, and Kraus (2005) [36] found that, to some extent, institu-
tional investors function similarly to external creditors, prompting companies to alter their
financing structures, adopt low-leverage financing arrangements, and correspondingly
reduce their reliance on debt financing. Institutional investors assume a supervisory role,
making them indispensable participants in corporate governance. Among institutional
investors, green investment has attracted increasing attention from scholars and has been
closely scrutinized.

The past literature has touched upon green investors (e.g., Barnea et al., 2005 [36]),
but research on China’s green financial system and green investors is scarce. This study
fills the gap in this area. Upon reviewing the existing literature, it is evident that scholars
primarily approach the definition and study of green investors from two perspectives. The
first method for defining green investors is by analyzing stock investment details and fund
entity information provided by the CSMAR database. Funds that target and invest in green,
environmental, renewable energy, and ecological sectors are identified and defined as green
investors (Jiang et al., 2021 [9]). The second approach to defining green investors views
socially responsible investment funds as green funds or green investors.

Between the two prevailing definitions of green investors, this study ultimately adopts
the first. The rationale is as follows: Firstly, although socially responsible investment (SRI)
is an essential contemporary investment philosophy, and has gradually focused on the
social, environmental, and governance (ESG) dimensions since the 21st century, China’s
SRI is comparatively nascent compared to the West, resulting in a limited depth of SRI and
ESG research. Secondly, even when considering green investments from the perspective of
the second definition, i.e., socially responsible investment funds or ESG investments, some
scholars’ research methods share similarities with the first definition. For instance, Zhang
(2021) [10] defines socially responsible investment funds by utilizing CSMAR databases to
identify funds related to “green investment, SRI, or ESG.” Thirdly, although green investors
are the primary and significant participants in socially responsible investments, they are
not synonymous with socially responsible investors. In comparison, socially responsible
investments encompass a broader scope and more comprehensive concept, while green
investors tend to focus primarily on environmental aspects.

Green investors embody the principles of socially responsible investing (SRI), diverg-
ing from conventional investors by holistically considering financial, social, environmental,
and ethical standards during investment decision-making. These investors predominantly
support enterprises that align with sustainable development ideals, thereby promoting
corporate social responsibility (Peng and Peng, 2017 [37]). Despite past skepticism from
scholars such as Friedman, the SRI sector has experienced rapid growth in recent decades.
Green finance and SRI share numerous similarities and could be considered branches of
the same tree. The majority of domestic research on SRI often adopts a green finance
perspective. Ma (2015) [38] demonstrated that green finance can enhance the returns on
green innovation projects through efficient market resource allocation while concurrently
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mitigating the impact of heavily polluting projects. Consequently, a greater proportion of
social funds can be directed towards green financial industries. Thus, the successful con-
struction of a green financial system is of vital importance for China’s incremental economic
growth. Li (2002) [39] also found that social, environmental, and financial performance
are not mutually exclusive (Zhou and Jin, 2023 [30]), and socially responsible funds can
effectively achieve a balance between the three.

Enterprises’ green practice mainly affect external stakeholders, yet not all stakeholders
will necessarily support green innovation. Stakeholders with long horizons who recognize
the value of green innovation will support corporate green innovation activities and stake-
holders who might benefit from environmental practice will also vote for green innovation,
whereas some stakeholders may believe that the high financial investment in preparatory
work for green innovation and the significant time lag in terms of outcomes increase short-
term pressure on firms and, thus, they do not advocate for green innovation. Stakeholder
theory suggests that, as a crucial part of external stakeholders, institutional investors may
play a fundamental role in influencing enterprises’ green innovation (Zhao et al., 2023 [40]).
Green investors, as a distinct group of institutional investors, embody the concept of socially
responsible investing. They prioritize environmental concerns and integrate economic and
social factors when investing in socially responsible companies. These investors guide
businesses to emphasize ecological preservation in their operations to ensure sustainable
development, ultimately achieving both economic and social value. Corporate green in-
novation also possesses a “green” attribute, often reflecting a company’s environmental
consciousness and sense of social responsibility.

Since green investors do not provide financing for environmental polluting corpo-
rations, we expect there to be a positive correlation between the engagement of green
investors on enterprises green innovation. Therefore, we posit the following hypothesis:

H1. Green investor holdings promote corporate enthusiasm for green technological innovation.

2.2. State Ownership and Enterprise Green Innovation

Regulatory environment can also affect the level of corporate green technology innova-
tion: talent level, regional openness, government guidance, and environmental regulations
all influence green innovation based on provincial data. Zou, Hu, and Yao (2019) [41] find
differences in market competition intensity, company size, capital deepening, and foreign
capital introduction levels contribute to varying green innovation performance across
industries. Li, Tang, and Pan (2015) [42], through an empirical study of over 200 companies,
discovered that improvements in green innovation can be achieved by policy orientation,
market orientation, and increased environmental awareness among managers. Given the
substantial funding required and the considerable uncertainty and lengthy development
cycles associated with green innovation, a relatively stable and sophisticated regulation
environment can be crucial. Therefore, the role of government in green innovation should
not be overlooked.

The government can bring greater and more direct pressure on enterprises (Bi, Peng,
and Zuo, 2012 [43]). It is believed that the greatest pressure firms face comes from govern-
ment regulations (Zeng et al., 2019 [44]). The Chinese government is vigorously advanc-
ing green finance and implementing a series of policy guidance measures. The Chinese
government has prioritized the advancement of ecological civilization and sustainable
development infrastructure, pledging to encourage environmentally friendly practices
among businesses by emphasizing energy conservation and emissions reduction (Wang,
Sun, and Guo, 2019 [45]). For enterprises, green investments like energy efficiency im-
provements and carbon footprint reduction have become essential focal points (Wang et al.,
2019 [45]). Due to the governmental regulation’s influence on corporate green practice, we
investigate the impact of government through the role of state-ownership in the relationship
between green investors and corporate green innovation, for the reason that government
shareholding is a direct link between corporations and green environment.
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Until the late 20th century, the prevailing belief was that stringent environmental
regulations would increase the cost of environmentally damaging actions, imposing op-
erational burdens on corporations and consequently diminishing their competitiveness
(Yu et al., 2023 [46]). Porter and Van der Linde (1995) [18] were pioneers in proposing that
environmental goals and industrial competitiveness were not mutually exclusive. They
argued that “well-designed environmental standards can stimulate innovation, potentially
offsetting compliance costs” (Porter and Van der Linde, 1995 [18]), a concept known as
the “Porter Hypothesis”. They discuss how the impact of environmental regulations on
enterprise technological innovation depends on the balance between compliance costs and
innovation incentives. It highlights that stricter regulations increase compliance costs but
also stimulate innovation in export industries. However, when regulations are weak, enter-
prises prioritize profit maximization and often resort to end-of-pipe treatments, hindering
innovation (Ma and Li, 2019 [47]). As environmental regulations improve and intensify;,
enterprises are encouraged to innovate, gaining competitive advantages and reducing re-
liance on regulation substitutions. Thus, when innovation incentives outweigh compliance
costs, environmental regulations can drive technological innovation in enterprises.

Empirical studies on the Porter hypothesis have yielded varied results in the schol-
arly literature. Chen et al. (2006) [26] examined companies incorporated in Taiwan and
discovered that environmental regulations stimulate increased investment in research and
development while also enhancing industrial productivity. Qiu et al. (2018) [28] found
that the Porter hypothesis holds true for firms with high innovation capabilities but not for
others. They illustrate that for such firms, the additional benefits from investing in inno-
vation can offset the increased compliance costs through enhanced operational efficiency.
Conversely, firms with low innovation capabilities struggle to manage compliance costs,
thereby reducing their incentive to invest in innovation (Qiu et al., 2018 [28]). Albrizio
et al. (2017) [48] investigated a panel of Organization for Economic Co-operation and
Development (OECD) countries and found no support for the Porter hypothesis. They
argued that the costs of environmental regulation on corporations outweigh its benefits,
resulting in a negative impact on firms’ productivity (Zhang, 2021 [10]). Meanwhile, there
are scholars suggest there being a non-linear correlation between environmental regulation
and innovation, addressing an either “U-shaped” or “reversed U-shaped”, or a “threshold
effect” between them (Ma and Li, 2021 [47]).

State-owned enterprises, in comparison to private enterprises, exhibit a heightened
sense of social responsibility and shoulder the crucial responsibility of executing these
policies. The government, as the actual controller of state-owned enterprises, can inter-
vene moderately in their business activities and development decisions to achieve policy
objectives (Qi, Lin, and Cui, 2018 [49]). From a resource perspective, green technology
innovation requires a greater resource supply compared to ordinary innovation. A crit-
ical factor determining whether a company can successfully pursue green technology
innovation and the enthusiasm for doing so is the availability of corporate resources. In
regions where the institutional environment is weak and government officials do not act,
corporate managers may use their political connections to obtain government support
to obtain undeserved resources and advantages while avoiding corporate environmental
responsibility (CER) (Zeng et al., 2019 [44]). Excessive government intervention can disrupt
the allocation of resources in the market and results in low producing efficiency (You,
Zhang, and Yuan, 2019 [50]). On the contrary, in environments with more sophisticated
laws and regulations and more comprehensive green-encouraging systems, enterprises can
obtain financial support through fair competition (Zeng et al., 2019 [44]). Besides, a good
regulation environment makes environmental-friendly companies more competitive [44].
Our examination of the state-owned enterprises will provide evidence for the situation of
Chinese green environment during our sample period.

Previous research holds mixed opinion concerning the impact of state-ownership on
corporate green innovation. Some studies (e.g., Choi, 2011 [11]) support that principal-
agent problems are more likely to occur in state-owned enterprises, leading to ambiguity in
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ultimate ownership and conservative corporate decision-making, particularly regarding
green innovation with significant uncertainty in return rates. Fan et al. (2007) [51] found that
corporations with political connections tend to show inadequate growth and underperform
their counterparts. They argue that the probable explanation is that the government can
extract rent from these firms since their politically connected CEOs pay more attention to
their political career, which harms the firms’ long-term performance (Wang et al., 2019 [45];
Fan et al., 2007 [51]). This stream of research supports that non-state-owned enterprises may
exhibit more active green innovation and higher innovation efficiency (Choi, 2011 [11]).

Other scholars hold opposite opinions, as state-owned enterprises possess advan-
tages over private enterprises, such as more resources, technology, and financial subsidies.
Niessen and Ruenzi (2010) [52] analyze firms in Germany and find that listed firms with
political connections outperform unconnected firms in both accounting performance and
market performance. Considering the long cycle and high risk associated with green tech-
nology innovation projects, achieving performance through market-oriented approaches
is challenging, especially in the short term. Hence, companies, particularly private enter-
prises, face various difficulties in green technology innovation. State-owned enterprises
have stronger ties with the government and state-owned banks, giving them an absolute
advantage in financing, financial subsidies, and technical aspects compared to private
enterprises. Chinese state-owned enterprises have more abundant resources and higher
research and development investments in technological innovation, as they can more easily
obtain tax incentives and national policy subsidies [45].

This paper aim to examine the application of Porter hypothesis in the Chinese A-
share market through investigating the role of state ownership in the relationship between
green investors and enterprises green innovation. If the Porter hypothesis holds, we
should observe more significant investor-innovation correlation among state-owned firms.
Otherwise, there should be no significant difference or the opposite result. Therefore, we
construct the following hypothesis:

H2. The presence of green investor holdings has a stronger positive effect on green technological
innovation in state-owned enterprises.

3. Data and Research Design
3.1. Data and Sample Selection

This research employs a dataset comprising A-share manufacturing firms listed on
the Chinese stock market between 2010 and 2019. Consistent with prior studies (e.g., Feng
and Yuan, 2024 [53]), we omit financial listed firms due to divergent corporate structures
and governance. Additionally, we exclude data from ST-type firms to prevent skewing
our findings. ST-type firms on the Chinese A-share market are companies that have
received a “Special Treatment” designation due to financial difficulties or irregularities.
These firms face increased regulatory scrutiny and may encounter trading restrictions,
signaling potential concerns about their financial health and stability. Investors should
exercise caution when considering investments in ST-type firms due to the associated risks.
Therefore, we do not take ST-type firms into consideration. Observations with missing
data are also removed. The resultant sample comprises 10,100 firm-year observations.
Continuous variables are adjusted at the 1% level to address outliers.

We opted for the time frame of 2010-2019 to ensure data consistency and availability,
considering the emergence of green finance and the low-carbon economy in China during
this period. This window avoids major economic upheavals such as financial crises and the
pandemic, enhancing the relevance of our sample. The selection of A-share manufacturing
companies is based on the following reasons. Firstly, these firms are central to China’s
economic growth but also contribute significantly to environmental pollution. Secondly;,
amid the rise of green finance and the low-carbon economy, listed manufacturing firms
confront mounting environmental regulatory pressures, necessitating a shift towards green
innovation for survival and growth. Thirdly, manufacturing firms offer comprehensive
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data on green innovation, and its impact on their operations is substantial, facilitating
effective measurement of green innovation efforts.

3.2. Variables

Following the methodology of prior research (e.g., Lian et al., 2022 [1]; Wurlod and
Noailly, 2018 [54]), we utilize the number of granted green patents as a measure of green
innovation. We collect green investor data from the China Stock Market and Accounting
Research (CSMAR) database, which offers insights into fund themes and stock investments.
By matching these datasets, we obtain each fund’s investment focus within A-share man-
ufacturing enterprises. We then scrutinize investment objectives and scope, identifying
funds emphasizing environmental protection, ecology, green development, and new energy
as green investors (Jiang et al., 2021 [9]).

For our independent variable, inspired by Barnea et al. (2005) [36], we construct a
binary indicator, taking the value of one if the corporation has green investors and zero
if otherwise.

Similar to previous studies (e.g., Lian et al., 2022 [1]), we include controls for various
firm characteristics that might influence green innovation. Specifically, we control for firm
size, return on assets (ROA), growth rate, debt ratio, board size, shareholding concentration,
ownership type, and the proportion of independent directors. Table 1 presents the defini-
tions and measurements of all variables. Data of corporate green technology innovation
and other relevant company characteristics primarily come from the CSMAR database,
supplemented by manual collection from firm annual financial reports.

Table 1. Description of related variables.

Variable Type Symbol Name Description
Dependent variable GPG Green technology innovation Number of granted green patents by the enterprise
Independent variable GI Green investors Value equals 1 if the company has green investors
and 0 if otherwise
Share Ownership concentration The percentage of shares held by the
largest shareholder
Tvpe Ownership structure Value equals 1 if the actual controller is state-owned,
M P and 0 if otherwise
Size Firm size The logarithm of the total assets
Control variables ROA Profitability The net profit rate of total assets
Debt Debt level The ratio of total liabilities to total assets
Growth Growth The rate of growth in operating income
. The natural logarithm of the number of board
Board Board size
members (plus one)
Indd Proportion of The proportion of independent directors on
independent directors the board

Instrumental variables

The average green investor holding ratio of other

Industry_GI . >
manufacturing companies

The average green investor holding ratio of other

Province_GI L. R
companies in the same province

3.3. Descriptive Statistics

Table 2 displays the descriptive statistics. The average ownership type is 0.123, indi-
cating that only 12.3% of the companies are state-owned enterprises. Given the theoretical
implications of ownership types, it is imperative to conduct a separate analysis for these
enterprises, i.e., a heterogeneity analysis.
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Table 2. Descriptive statistics of the sample.
Variable Observations Mean Std. Dev Minimum Maximum

GPG 10,100 0.331 1.252 0.000 9.000

GI 10,100 0.371 0.483 0.000 1.000
Share 10,100 33.470 14.170 8.500 74.020

Type 10,100 0.123 0.329 0.000 1.000

Size 10,100 22.070 1.213 19.220 25.370

ROA 10,100 0.030 0.076 —0.374 0.211

Debt 10,100 0.446 0.218 0.051 1.031
Growth 10,100 0.298 0.925 —-0.777 6.875
Board 10,100 2.255 0.168 1.792 2.708
Indd 10,100 37.340 5.345 33.330 57.140
Industry_GI 10,100 1.534 1.341 0.076 3.795
Province_GI 10,100 1.534 1.954 0.000 26.470

The highest value for authorized green patents (gpg) is 9, while the lowest is 0, with
an average value of 0.331. This variance in green innovation among listed manufacturing
companies is evident.

The mean value for green investors is 0.371, indicating that 37.1% of the sample
includes green investors. This highlights the notable influence green investors wield in
the market.

3.4. Model Construction

To verify the hypothesis established in the previous section, this study establishes the
following econometric model:

GPG;; = Bo+ P1* Gl + Bo * Control; y + pj + A + €54 1)

In this model, the dependent variable GPG serves as a proxy for corporate green
technology innovation. Following existing research practices, we employ the number of au-
thorized green patents to measure this variable. The explanatory variable is the presence of
green investors (GI), which takes the value of 1 when green investors exist in the company
and 0 when they do not. This paper considers bidirectional fixed effects, with A; repre-
senting time effects and | representing individual effects. Control variables are selected
based on existing research and include the following: shareholding concentration (share),
ownership type (type), firm size (size), profitability (ROA), growth potential (growth), debt
level (debt), board size (board), and the proportion of independent directors (Indd). Table 1
provides descriptions of the relevant variables.

4. Empirical Results and Analysis
4.1. Correlation Analysis

Table 3 displays the Pearson correlation coefficient matrix, illustrating the correlation
between pairs of variables and providing insight into their associations. The Pearson
correlation coefficient assesses the linear relationship between two variables, ranging from
—1 to 1. Values between —1 and 0 signify a negative linear relationship, while values
between 0 and 1 denote a positive relationship. The magnitude of the coefficient indicates
the strength of the correlation.

Upon analyzing the correlation coefficients, it is observed that absolute values are
generally below 0.5, suggesting moderate correlations between different variables. Notably,
the correlation coefficient between green investors (GI) and green innovation (gpg) stands
out, exhibiting a significant positive correlation at a 1% significance level, with a coefficient
value of 0.178. This result aligns with Hypothesis 1, indicating that the presence of green
investors is associated with stronger green innovation efforts.
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Table 3. Pearson correlation coefficient matrix.

GPG GI Share Type Size ROA Debt Growth Board Indd
GPG 1.000
GI 0.178 *** 1.000
Share 0.014 —0.052 ***  1.000
Type 0.030 *** 0.004 0.114 *** 1.000
Size 0.230 *** 0.389 *** 0.176 *** 0.200 *** 1.000
ROA 0.009 0.087 *** 0.146 *** —0.018 * 0.100 *** 1.000
Debt 0.058 *** —0.010 0.022 ** 0.122 *** 0.316 *** —0.372***  1.000
Growth —0.002 —0.009 0.029 *** 0.030 *** —0.037 **  0.021 ** 0.051 *** 1.000
Board 0.040 *** 0.010 0.000 0.161 *** 0.191 *** 0.061 *** 0.075 *** —0.036 *** 1
Indd 0.045 *** 0.056 *** 0.046 *** —0.013 0.044 *** —0.053 #**  (0.033 *** 0.014 —0.484 ***  1.000

Note: *, **, and *** indicate significance at the 10%, 5%, and 1% levels, respectively.

Additionally, among the control variables, firm size (size) and green innovation (gpg)
demonstrate a significant positive correlation at a 1% significance level, implying that
larger firms tend to possess more robust green innovation capabilities. Furthermore, other
control variables such as ownership structure, debt level, board size, and the proportion of
independent directors also show positive correlations with green technology innovation,
highlighting significant interrelationships among them.

Table 4 presents the variance inflation factors (VIF) for each variable. In order to
conduct a thorough analysis of the correlation among the chosen variables and identify
any potential issues of multicollinearity, we perform a multicollinearity test. The results
reported in the table indicate that the VIF for each variable pertaining to factors influencing
green innovation in A-share listed manufacturing firms is below 1.58, with an average VIF
of 1.27. Given that the VIF is below 10, it can be concluded that multicollinearity is not an
issue among the variables in this study.

Table 4. Multicollinearity test.

GI Share Type Size ROA Debt Growth Board Indd Mean
VIF 1.24 1.08 1.08 1.58 1.27 14 1.01 1.42 1.35 1.27
1/VIF 0.81 0.92 0.93 0.63 0.79 0.71 0.98 0.7 0.74

4.2. Main Regression Analysis

Table 5 displays the ordinary least squares (OLS) regression results for regression
Equation (1). Column (1) reports the empirical results without control variables and
column (2) presents results with control variables. The regression outcomes reveal a
statistically significant positive correlation between green investors” ownership (GI) and
green innovation (gpg) within Chinese A-share listed manufacturing firms.

Table 5. Green investors’ ownership and green innovation: main regression result.

Independent Variable: GPG (U] 2
GI 0.158 *** (0.039) 0.149 *** (0.038)
Control No Yes
Year FE Yes Yes
Firm FE Yes Yes
N 10,100 10,100
Adjusted R? 0.029 0.031

Note: Standard errors are in parentheses. *** p < 0.01 represent significance at 10%, 5%, and 1% respectively.

Specifically, in the absence of control variables, the coefficients for GI and gpg are
0.158, demonstrating a significant positive correlation at a 1% significance level. Upon
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incorporating control variables, the coefficients become 0.149, still exhibiting a significant
positive correlation at a 1% significance level. Although the explanatory power of the single
variable experiences a slight decline after introducing control variables, this difference is
not statistically significant.

These results indicate that the ownership of green investors plays a constructive role
in fostering green innovation among manufacturing companies. The results support our
hypothesis 1.

4.3. The Role of State Ownership

The empirical findings above affirm Hypothesis 1, suggesting that green investor
ownership bolsters the inclination towards green technological innovation in manufac-
turing firms. Nonetheless, given the diversity in ownership structures among companies,
particularly the distinct attributes of state-owned enterprises with their common property
and stronger political ties, attitudes towards innovation, especially those with “green”
attributes, are expected to vary.

Thus, this study delves deeper into the similarities and discrepancies of Hypothesis 1
between state-owned and non-state-owned enterprises. Drawing on the existing literature
studies (e.g., Jiang et al., 2021 [9]), this paper introduces an interaction term between
ownership form (type) and green investor presence (GI), denoted as Type_GI, and proceeds
with a heterogeneity analysis, as outlined in Table 6. Column (1) showcases the outcomes
utilizing gpg as the metric for green innovation, while column (2) employs an alternative
measure of green innovation denoted as gpa. Further details regarding this alternative
measurement will be explained in Section 4.4.4.

Table 6. The role of state ownership in the relation between green investor and enterprises green

innovation.
(1) 2)
Dependent Variable: GPG GPA
GI 0.461 *** (0.025) 0.717 *** (0.049)
Type 0.111 *** (0.037) 0.364 *** (0.072)
Type x GI 0.170 ** (0.077) 0.448 *** (0.150)
Controls Yes Yes
Year FE Yes Yes
Firm FE Yes Yes
N 10,100 10,100
Adjusted R? 0.033 0.024

Note: Standard errors are in parentheses. ** p < 0.05, *** p < 0.01 represent significance at 10%, 5%, and
1% respectively.

The outcomes of the heterogeneity analysis reveal significant positive coefficients for
both the variables GI (green investors” ownership) and type (ownership form) at the 1%
significance level, validating the premise of heterogeneity testing. Notably, the interaction
term (Type_GI) between state-owned enterprises (SOEs) and green investors’ ownership
(GI) exhibits a significant positive association.

When employing green innovation authorization (gpg) as the dependent variable, the
coefficient for the GI variable stands at 0.461, significant at the 1% level. Additionally, the
coefficient for the interaction term (Type_GI) is 0.170, significant at the 5% level. The consis-
tent sign of these two coefficients indicates that the impact of green investors’ ownership on
fostering green technology innovation in manufacturing enterprises is more pronounced
in SOEs.

Similarly, when utilizing green innovation application (gpa) as the dependent vari-
able, the coefficient for the GI variable is 0.717, significant at the 1% level. Moreover, the
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coefficient for the interaction term (Type_GI) is 0.448, significant at the 1% level. Again,
the consistent sign of these coefficients underscores that in SOEs, the influence of green
investors” ownership on promoting green technology innovation in manufacturing enter-
prises is stronger.

These results support Hypothesis 2 of the study, affirming that the impact of green
investors’ ownership on green technological innovation in manufacturing enterprises is
more pronounced in state-owned enterprises.

4.4. Further Analysis

The central concern in this study lies in the intricate relationship between companies
and investors. Given the inherent influence that companies and investors exert on each
other, the impact of green investors on companies may encounter endogeneity challenges.
From the perspective of the company itself, a firm with a strong commitment to social re-
sponsibility, prioritizing environmental considerations in its development, and showcasing
proactive green innovation efforts, is likely to attract a greater number of green investors.
Furthermore, endogeneity issues such as sample selection bias and omitted variables need
to be taken into account.

To address these concerns, the study employs various methodologies, including the
substitution of variables, utilization of instrumental variables, and implementation of
propensity score matching (PSM) for robustness checks. These approaches aim to mitigate
potential biases and enhance the reliability of the findings.

4.4.1. Instrumental Variable Method

The influence of green investors’ shareholdings on driving corporate green innovation
may entail endogeneity issues, particularly reverse causality. On one hand, companies
exhibiting greater proactivity and advantages in green innovation are likely to attract more
green investors. Conversely, green investors might be influenced by certain unobservable
factors associated with green innovation, leading to bidirectional causality, selection bias,
omitted variables, and other endogeneity concerns.

To address these issues, this study adopts two instrumental variables: Industry_GI
and Province_GI. The first instrumental variable, Industry_GI, represents the average green
investor shareholding ratio of other companies in the same industry during the current
period. The second instrumental variable, Province_GI, denotes the average green investor
shareholding ratio of other companies in the same province as the focal company (Jiang
et al., 2021 [9]; Xie et al., 2009 [55]). Companies within the same industry or province
inherently confront similar external macro environments, such as the impact of certain
policies on the entire industry. Consequently, the green investor shareholding ratio of other
companies in the same industry or province exhibits a certain correlation with the green
investor variable.

Empirical results show no evidence indicating that the green investor shareholding
ratio of other companies in the same industry or province affects a company’s engagement
in green innovation. Hence, the investment scenario of other companies can be deemed
exogenous concerning a company'’s level of green innovation. The results estimated using
the instrumental variable method are presented in Table 7.

Table 7 presents the regression results from the instrumental variable approach, along-
side the corresponding overidentification test, weak instrument test, and Hausman test
outcomes. Column (2) displays the OLS regression results, column (3) shows the 2SLS
regression results, and column (4) exhibits the Liml regression results, all utilizing robust
standard errors.

From column (1), it is evident that the estimated coefficient of Industry_GI is sig-
nificantly positive at the 1% level of significance. Similarly, the estimated coefficient of
Province_Gl is significantly positive at the 5% level of significance. The overidentification
test yields a p-value of 0.1170, indicating that the chosen instruments, Industry_GI and
Province_GI, are strongly exogenous. The weak instrument test indicates an F-value of
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1130.3, which exceeds 10, signifying the absence of weak instruments. Furthermore, the
Liml regression is conducted, and its results align with the 25LS results.

Table 7. Green investors’ ownership and green innovation: instrumental variables regression.

(6] 2 (3 @

OLS 2SLS LIML
Dependent variable: GI GPG GPG GPG
GI 0.149 *** (0.030) 0.174 *** (0.061) 0.174 *** (0.061)
Industry_GI 0.144 *** (0.004)
Province_GI 0.006 ** (0.003)
Control Yes Yes Yes Yes
N 10,100 10,100 10,100
Adjusted R? 0.592 0.063 0.063
x2(1) = 2.45662
Opveridentification test
p=0.1170
F(2,10,089) = 1130.3
Weak instrument test
p =0.0000
Hausman test p =0.0078

Note: Standard errors are in parentheses. ** p < 0.05, *** p < 0.01.

Given that the use of instrumental variables assumes the presence of an endogenous
explanatory variable, the Hausman test is conducted to assess endogeneity. The Hausman
test result (p-value = 0.0078) confirms that the explanatory variable Gl is indeed endogenous
in the equation.

After addressing endogeneity concerns, the coefficient of GI remains significantly
positive at the 1% level of significance. This indicates that the conclusion of this study
remains robust even after accounting for endogeneity.

4.4.2. Propensity Score Matching (PSM) Analysis

To mitigate potential issues like self-selection and selection bias, this study employs a
counterfactual framework by categorizing companies with green investors as the treatment
group and those without as the control group. Propensity score matching (PSM) is then
utilized to validate the hypothesis, leveraging four matching methods: Mahalanobis dis-
tance matching, k-nearest neighbor matching, caliper matching, and kernel matching. Each
method serves to bolster the robustness of the research conclusions.

Mahalanobis distance measures the distance between a point and a distribution, with
Mahalanobis distance matching calculating the distance between each treated and control
unit in a multidimensional space defined by covariates. In k-nearest neighbor matching,
each treated unit is paired with its k nearest neighbors from the control group based on
propensity score or observed covariates. Caliper matching restricts potential matches
for each treated unit based on a specified caliper, representing the maximum allowable
distance or difference in propensity scores or covariates between matched pairs. Kernel
matching assigns weights to control units based on their distance from treated units in a
kernel function.

The selection of matching method depends on the data’s specific characteristics and
the research question, as each method has its strengths and limitations. The overarching
goal of these methods is to create balanced treated and control groups, reducing bias and
enhancing the validity of causal inference in observational studies.

Following PSM implementation, the study conducts balance tests to ensure minimal
differences in covariates between matched treated and control groups, except for the
presence of green investors. The results indicate successful matching, with a maximum
sample loss of 51 samples. Standardized bias of most variables significantly reduces after
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PSM, with all variables exhibiting a standardized bias of less than 10%. Additionally, most
t-test results fail to reject the null hypothesis, indicating no systematic difference between
the control and treatment groups. These balance test outcomes are presented in Table 8.

Table 8. Balancing test results of explanatory variables before and after propensity score matching.

Matching Method Pseudo R? LR Statistic Standardized Bias
Before matching 0.167 2229.18 17.5
Mahalanobis distance matching 0.002 25.53 22
k-Nearest neighbor matching 0.003 26.11 4.5
Caliper matching 0.002 19.44 3.5
Kernel matching 0.003 26.69 3.9

The balancing test outcomes reveal a substantial reduction in standardized biases of
explanatory variables post-PSM application. Prior to matching, the standardized biases
stood at 17.5%, decreasing notably to 2.2% and 4.5% after matching, both below the 20%
threshold. Additionally, the LR statistic experiences a considerable decline from 2229.18 pre-
matching to 19.44 and 26.69 post-matching. Furthermore, the pseudo R-squared value
exhibits a notable drop from 0.167 before matching to 0.002 and 0.003 after matching.

These results collectively indicate that the four matching methods employed in this
study effectively mitigate covariate distribution disparities between the treatment and con-
trol groups. Consequently, they successfully address potential estimation biases stemming
from sample self-selection, bolstering the validity and reliability of the study’s findings.

Table 9 demonstrates that the research outcomes remain consistent across the four
distinct matching methods utilized in this study. Following counterfactual estimation, the
presence of green investor shareholding continues to exhibit a significant positive effect on
the green innovation performance of manufacturing firms. This reaffirms the validity of
Hypothesis H1.

Table 9. Average treatment effect on the treated (ATT) using propensity score matching (PSM).

Matching Method Treatment Group Control Group Average Treatment Effect (ATT) Standard Error T-Value
Mahalanobis distance matching 0.621 0.259 0.362 *** 0.0403 8.97
k-Nearest neighbor matching 0.604 0.255 0.292 *** 0.0446 9.55
Caliper matching 0.610 0.274 0.336 *** 0.0374 10.42
Kernel matching 0.610 0.275 0.335 *** 0.0335 10.38
Average 0.331

Note: *** p < 0.01 represent significance at 10%, 5%, and 1% respectively.

4.4.3. Multiple Time-Point DID (Difference-in-Differences)

To further analyze the data, this study conducted a multi-period difference-in-differences
(DID) regression on the matched samples obtained using different PSM methods. Before
conducting the multi-period DID, it is necessary to perform a balance trend test on the
sample, as shown in Figure 1.

Figure 1 presents the balanced trend test results. The year when green investors first
invest in a firm is time t. This study examines the three years before (t — 1,t — 2, t — 3)
and five years after (t + 1, t + 2, t + 3, t + 4, t + 5) the initial investment. Figure 1 shows
a significant change in the firm’s green technological innovation after green investors’
investment. Moreover, green investor holdings have a significant positive impact on the
firm’s green technology innovation level, satisfying the parallel trend assumption.
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Figure 1. Balanced trend analysis results.

To ensure the robustness of the research results, we conduct multiple time-point DID
regression analyses using samples obtained from different matching methods of PSM
propensity score matching. The regression results are shown in Table 10.

Table 10. DID estimation results using alternative matching methods.

@ (V)] 3 @

Mahalanobis Distance Matching k-Nearest Neighbor Matching Caliper Matching Kernel Matching
GI 0.149 *** (0.040) 0.152 *** (0.041) 0.151 *** (0.040) 0.150 *** (0.040)
Control Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
N 10,100 10,050 10,054 10,049
Adjusted R? 0.592 0.591 0.591 0.592

Note: Standard errors are in parentheses. *** p < 0.01.

Table 10 presents the PSM-DID empirical results regarding the impact of green investor
holdings on the green innovation of manufacturing enterprises. The estimation outcomes
indicate that Mahalanobis distance matching does not exclude any samples, while nearest
neighbor matching excludes 50 samples, caliper matching excludes 46 samples, and kernel
matching excludes 51 samples. Nonetheless, the coefficients for GI are significantly positive
at the 1% significance level across all four PSM matching methods. These initial findings
lend support to Hypothesis 1, suggesting that green investor holdings notably enhance
green technological innovation within enterprises.

4.4.4. Alternative Variable Method

Regarding the measurement of corporate green innovation levels, scholars often utilize
data on green patent grants or applications, given the comprehensive nature of green patent
data in recent years. In this study, the number of green patent grants (gpg) is adopted as an
indicator of corporate green innovation, as it accurately reflects a company’s actual green
innovation achievements from an objective standpoint. Conversely, the number of green
patent applications (gpa) may better indicate the proactive nature of corporate innovation
from a subjective perspective. Therefore, the study substitutes the dependent variable with
green patent applications (gpa) to conduct a robustness check.
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Within the 1010 listed manufacturing companies analyzed in this study, the range
of green patent grants (gpg) varies from a minimum of 0 to a maximum of 9, indicating
that not all companies are engaged in green innovation. The volume of green patent
grants (gpg) serves as a measure of corporate green innovation from the perspective of
specific innovative outcomes. Accordingly, a dummy variable for green patent grants
(gpg-dummy) is generated, taking the value of 1 when a company has a green patent grant
and 0 if otherwise. This dummy variable assesses corporate green innovation by examining
the presence of green patents, thereby investigating the promoting effect of green investors
on corporate green innovation and conducting robustness tests.

Table 11 presents the regression results after employing the alternative variable method.
It reveals that the coefficients of GI remain significantly positive even after replacing gpg
with gpa and gpg-dummy. As such, the conclusions drawn from the analysis remain robust.

Table 11. Green investors’ ownership and green innovation: using alternative variables.

(¥Y) 2

Dependent Variable GPA GPG-Dummy
GI 0.147 ** (0.062) 0.192 *** (0.048)
Control Yes Yes
Year FE Yes Yes
Firm FE Yes Yes
N 10,100 10,100
Adjusted R? 0.031 0.040

Note: Standard errors are in parentheses. ** p < 0.05, *** p < 0.01 represent significance at 10%, 5%, and
1% respectively.

5. Conclusions and Discussion

With growing attention to the balanced development of economy and environmental
protection, as well as the strong promotion of green financial systems, “green” has become
one of the key development concepts. This concept extends not only to enterprises but
also to the perspective of investors. Institutional investors are pivotal players in financial
markets, exerting significant influence on China’s financial landscape and national economy.
Despite the abundance of research on institutional investors, few studies categorize them
based on green investment criteria or analyze the impact of green investor holdings on
corporate technological innovation. Moreover, the existing literature tends to concentrate
on the influence of institutional investors on enterprises or innovation in general, without
separating green innovation. This article aims to shed light on the impact of green investors
on enterprises green innovation.

Government policies, including those promoting green finance and sustainable devel-
opment infrastructure, exert direct pressure on enterprises, driving investments in energy
efficiency and emissions reduction, highlighting the critical role of government in fostering
environmentally friendly practices and innovation within the corporate sector. Given
the significant influence of regulatory environments and government policies, we aim
to explore how state ownership may moderate the relationship between green investors
and corporate green innovation. Our hypothesis posits that green investors stimulate
green innovation within companies, with this effect likely being more pronounced in
state-owned enterprises.

We hypothesize that green investors foster corporate green innovation activities and
expect this positive correlation to be more pronounced in state-owned enterprises. Analyz-
ing 10,100 observations of manufacturing firms listed on Shanghai and Shenzhen A-share
market from 2010 to 2019, we conduct fixed effect regression analysis using number of
granted green patents of the firm as the proxy for green innovation. We controlled for firm
size, ROA, growth rate, debt ratio, board size, shareholding concentration, ownership type,
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and the proportion of independent directors. Empirical result shows an increase in green in-
novation with the entry of green investors. In addition, we find that this positive association
is more pronounced in state-owned enterprises. Our findings are robust to instrumental
analysis, propensity score matching analysis, multi-time-point difference-in-differences
(DID) test, and alternative measurement tests.

Our study contributes to the literature on institutional investors” influence on corpo-
rate innovation activities, especially from the perspective of green investors who values
environmental performance. Our research separates green innovation from general tech-
nological innovation, contributing to the literature on corporate innovation. We propose
a stimulating effect of green investors on enterprises’ green innovation, indicating that
China has a relatively strong and stable environmental regulation system. This study also
contributes to the literature examining the role of state ownership on green innovation. The
empirical result provides evidence supporting the Porter hypothesis, indicating that the
profitability from green innovation offsets or even excesses the compliance costs associated
with environmental regulation.

This paper has certain limitations. For instance, we did not include the phenomenon
of greenwashing in our analysis (We thank our reviewer for pointing this out for us.).
Greenwashing in environmental, social, and governance (ESG) activity refers to the prac-
tice of misleadingly portraying a company or its products as environmentally friendly or
socially responsible, when in reality, they may not be (Lee and Raschke, 2023 [56]). This can
involve exaggerated or false claims about the company’s environmental practices, social
initiatives, or corporate governance policies. Greenwashing is often used as a market-
ing tactic to appeal to consumers who prioritize sustainability (Lyon and Montgomery,
2015 [57]), but it can undermine trust and transparency in ESG reporting and investment de-
cisions [56]. Future research could explore the impact of greenwashing on green innovation
and subsequent firm performance.

This study provides suggestions for the construction of China’s green financial sys-
tem and the high-quality sustainable development of enterprises: firstly, green investors
themselves should be aware of their ability to influence enterprises, and actively con-
duct research activities and participate in online or offline communications to engage in
corporate decision-making. Secondly, enterprises should have a sense of social responsibil-
ity, actively engage in relevant green technology innovation, and enhance the long-term
value of the enterprise. Finally, the government should pay attention to the guidance
of relevant policies, cultivate more green investors, support enterprise green technology
innovation, and play the role of state-owned enterprises, actively realizing the dual value
of state-owned enterprises.

Author Contributions: Conceptualization, Y.X.; Methodology, L.Z.; Software, L.Z.; Formal analysis,
D.X.; Investigation, Y.X. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data used in this study are accessible at https:/ /wrds-www.wharton.
upenn.edu/ (accessed on 17 April 2024).

Conflicts of Interest: The authors declare no conflict of interest.

1.  Lian, G.; Xu, A.; Zhu, Y. Substantive green innovation or symbolic green innovation? The impact of ER on enterprise green
innovation based on the dual moderating effects. J. Innov. Knowl. 2022, 7, 100203. [CrossRef]
2. Braun, E.; Wield, D. Regulation as a Means for the Social Control of Technology. Technol. Anal. Strateg. Manag. 1994, 6, 259-272.

[CrossRef]

3. Carrién-Flores, C.E.; Innes, R. Environmental innovation and environmental performance. J. Environ. Econ. Manag. 2010, 59,

27-42. [CrossRef]


https://wrds-www.wharton.upenn.edu/
https://wrds-www.wharton.upenn.edu/
https://doi.org/10.1016/j.jik.2022.100203
https://doi.org/10.1080/09537329408524171
https://doi.org/10.1016/j.jeem.2009.05.003

Sustainability 2024, 16, 4292 19 of 20

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.
25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

Bai, Y.; Song, S.; Jiao, J.; Yang, R. The impacts of government R&D subsidies on green innovation: Evidence from Chinese
energy-intensive firms. J. Clean. Prod. 2019, 233, 819-829.

Chen, Y.-S. Green organizational identity: Sources and consequence. Manag. Decis. 2011, 49, 384-404. [CrossRef]

Fu, G.; Lu, X,; Wu, C. Evolution of spatial patterns of green innovation in China’s provinces. China Soft Sci. 2016, 2016, 89-99.
Su, Y.; He, H.; Yin, J. Research on evaluation system of corporate green sustainable innovation capability. Sci. Technol. Prog.
Countermeas. 2009, 26, 139-142.

Chen, Y.; Feng, J. Does corporate green investment improve corporate environmental performance? Empirical evidence from an
efficiency perspective. Account. Res. 2020, 2020, 179-192.

Jiang, G.; Lu, ]J.; Li, W. Do green investors play a role? Empirical research from corporate participation in green governance.
Financ. Res. 2021, 2021, 117-134.

Zhang, D. Green credit regulation, induced R&D and green productivity: Revisiting the Porter Hypothesis. Int. Rev. Financ. Anal.
2021, 75, 101723.

Choi, S.B.; Lee, S.H.; Williams, C. Ownership and firm innovation in a transition economy: Evidence from China. Res. Policy 2011,
40, 441-452. [CrossRef]

La Porta, R.; National Bureau of Economic Research. Law and Finance Cambridge, MA: National Bureau of Economic Research.
Working Paper Series (National Bureau of Economic Research); Working Paper no. 5661; NBER Working Paper 5661. 1996.
Available online: http://catalog.hathitrust.org/api/volumes/oclc/35233095.html (accessed on 17 April 2024).

Hall, P.A.; Soskice, D.W. Varieties of Capitalism: The Institutional Foundations of Comparative Advantage; Oxford University Press:
Oxford, UK, 2001; 540p.

Aguilera, R.V.; Jackson, G. The Cross-National Diversity of Corporate Governance: Dimensions and Determinants. Acad. Manag.
Rev. 2003, 28, 447-465. [CrossRef]

Filatotchev, L; Jenifer, P.; Lien, Y.C.; Strange, R. FDI by Firms from Newly Industrialised Economies in Emerging Markets:
Corporate Governance, Entry Mode and Location. J. Int. Bus. Stud. 2007, 38, 556-572. [CrossRef]

Chang, S.-J.; Chung, C.-N.; Mahmood, L.P. When and How Does Business Group Affiliation Promote Firm Innovation? A Tale of
Two Emerging Economies. Organ. Sci. 2006, 17, 637-656. [CrossRef]

Porter, M.E. Towards a dynamic theory of strategy. Strateg. Manag. |. 1991, 12 (Suppl. 2), 95-117. [CrossRef]

Porter, M.E.; Van der Linde, C. Toward a New Conception of the Environment-Competitiveness Relationship. J. Econ. Perspect.
1995, 9, 97-118. [CrossRef]

Song, Y.; Zhang, X.; Zhang, M. The influence of environmental regulation on industrial structure upgrading: Based on the strategic
interaction behavior of environmental regulation among local governments. Technol. Forecast. Soc. Chang. 2021, 170, 120930.
[CrossRef]

Huang, L.; Wang, C.; Chin, T.; Huang, ]J.; Cheng, X. Technological knowledge coupling and green innovation in manufacturing
firms: Moderating roles of mimetic pressure and environmental identity. Int. ]. Prod. Econ. 2022, 248, 108482. [CrossRef]
Brunnermeier, S.B.; Cohen, M.A. Determinants of environmental innovation in US manufacturing industries. J. Environ. Econ.
Manag. 2003, 45, 278-293. [CrossRef]

Roh, T,; Lee, K.; Yang, ].Y. How do intellectual property rights and government support drive a firm’s green innovation? The
mediating role of open innovation. J. Clean. Prod. 2021, 317, 128422. [CrossRef]

Berrone, P.; Fosfuri, A.; Gelabert, L.; Gomez-Mejia, L.R. Necessity as the mother of ‘green” inventions: Institutional pressures and
environmental innovations. Strateg. Manag. J. 2013, 34, 891-909. [CrossRef]

Xiang, X.; Liu, C.; Yang, M. Who is financing corporate green innovation? Int. Rev. Econ. Financ. 2022, 78, 321-337. [CrossRef]
Friedman, M. The Social Responsibility of Business Is to Increase Its Profits. In Corporate Ethics and Corporate Governance; Zimmerli,
W.C., Holzinger, M., Richter, K., Eds.; Springer: Berlin/Heidelberg, Germany, 2007. [CrossRef]

Chen, Y.-S; Lai, S.-B.; Wen, C.-T. The Influence of Green Innovation Performance on Corporate Advantage in Taiwan. J. Bus.
Ethics 2006, 67, 331-339. [CrossRef]

Shrivastava, P. Environmental technologies and competitive advantage. Strateg. Manag. J. 1995, 16, 183-200. [CrossRef]

Qiu, L.; Jie, X.; Wang, Y.; Zhao, M. Green product innovation, green dynamic capability, and competitive advantage: Evidence
from Chinese manufacturing enterprises. Corp. Soc. Responsib. Environ. Manag. 2020, 27, 146-165. [CrossRef]

Ma, Y;; Hou, G.; Xin, B. Green Process Innovation and Innovation Benefit: The Mediating Effect of Firm Image. Sustainability 2017,
9,1778. [CrossRef]

Zhou, J.; Jin, S. Corporate Environmental Protection Behavior and Sustainable Development: The Moderating Role of Green
Investors and Green Executive Cognition. Int. . Environ. Res. Public Health 2023, 20, 4179. [CrossRef] [PubMed]

Pujari, D. Eco-innovation and new product development: Understanding the influences on market performance. Technovation
2006, 26, 76-85. [CrossRef]

Adams, R.; Jeanrenaud, S.; Bessant, J.; Denyer, D.; Overy, P. Sustainability-oriented Innovation: A Systematic Review. Int. J.
Manag. Rev. 2016, 18, 180-205. [CrossRef]

Wang, K.; Jiang, W. State ownership and green innovation in China: The contingent roles of environmental and organizational
factors. J. Clean. Prod. 2021, 314, 128029. [CrossRef]

Khalil, M.A.; Nimmanunta, K. Conventional versus green investments: Advancing innovation for better financial and environ-
mental prospects. J. Sustain. Financ. Investig. 2023, 13, 1153-1180. [CrossRef]


https://doi.org/10.1108/00251741111120761
https://doi.org/10.1016/j.respol.2011.01.004
http://catalog.hathitrust.org/api/volumes/oclc/35233095.html
https://doi.org/10.2307/30040732
https://doi.org/10.1057/palgrave.jibs.8400279
https://doi.org/10.1287/orsc.1060.0202
https://doi.org/10.1002/smj.4250121008
https://doi.org/10.1257/jep.9.4.97
https://doi.org/10.1016/j.techfore.2021.120930
https://doi.org/10.1016/j.ijpe.2022.108482
https://doi.org/10.1016/S0095-0696(02)00058-X
https://doi.org/10.1016/j.jclepro.2021.128422
https://doi.org/10.1002/smj.2041
https://doi.org/10.1016/j.iref.2021.12.011
https://doi.org/10.1007/978-3-540-70818-6_14
https://doi.org/10.1007/s10551-006-9025-5
https://doi.org/10.1002/smj.4250160923
https://doi.org/10.1002/csr.1780
https://doi.org/10.3390/su9101778
https://doi.org/10.3390/ijerph20054179
https://www.ncbi.nlm.nih.gov/pubmed/36901187
https://doi.org/10.1016/j.technovation.2004.07.006
https://doi.org/10.1111/ijmr.12068
https://doi.org/10.1016/j.jclepro.2021.128029
https://doi.org/10.1080/20430795.2021.1952822

Sustainability 2024, 16, 4292 20 of 20

35.
36.

37.
38.
39.
40.
41.
42.
43.
44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Cai, H,; Rao, P. Institutional investors, tax collection, and corporate tax avoidance. Account. Res. 2015, 2015, 59-65+97.

Barnea, A.; Heinkel, R.; Kraus, A. Green investors and corporate investment. Struct. Chang. Econ. Dyn. 2005, 16, 332-346.
[CrossRef]

Peng, B.; Peng, FE. The impact of green investors on corporate cost of capital. J. Beijing Inst. Technol. (Soc. Sci. Ed.) 2017, 19, 97-104.
Ma, J. On the construction of China’s green financial system. Financ. Forum 2015, 20, 18-27.

Li, Q. Socially responsible funds: Overseas development and prospects in China. Secur. Mark. Her. 2002, 2002, 4-11.

Zhao, X.; Fang, L.; Zhang, K. Online search attention, firms” ESG and operating performance. Int. Rev. Econ. Financ. 2023, 88,
223-236. [CrossRef]

Zou, X.; Hu, J.; Yao, N. Green securities investment fund financial performance, environmental performance, and investor choice.
Shanghai Econ. Res. 2019, 2019, 33—44.

Li, Q.; Tang, M.; Pan, M. Research on the influencing factors of corporate green innovation: A case study of production-oriented
enterprises. Sci. Technol. Prog. Policy 2015, 32, 110-114.

Bi, Q.; Peng, J.; Zuo, Y.Y. Environmental information disclosure system, corporate governance and environmental information
disclosure. Account. Res. Study 2012, 7, 39-47.

Zeng, S.; Qin, Y.; Zeng, G. Impact of Corporate Environmental Responsibility on Investment Efficiency: The Moderating Roles of
the Institutional Environment and Consumer Environmental Awareness. Sustainability 2019, 11, 4512. [CrossRef]

Wang, Y.; Sun, X.; Guo, X. Environmental regulation and green productivity growth: Empirical evidence on the Porter Hypothesis
from OECD industrial sectors. Energy Policy 2019, 132, 611-619. [CrossRef]

Yu, H.; Peng, E; Yuan, T.; Li, D.; Shi, D. The effect of low-carbon pilot policy on low-carbon technological innovation in China:
Reexamining the porter hypothesis using difference-in-difference-in-differences strategy. J. Innov. Knowl. 2023, 8, 100392.
[CrossRef]

Ma, H.; Li, L. Could environmental regulation promote the technological innovation of China’s emerging marine enterprises?
Based on the moderating effect of government grants. Environ. Res. 2021, 202, 111682. [CrossRef]

Albrizio, S.; Kozluk, T.; Zipperer, V. Environmental policies and productivity growth: Evidence across industries and firms.
J. Environ. Econ. Manag. 2017, 81, 209-226. [CrossRef]

Qi, S; Lin, S.; Cui, J. Can environmental rights trading market induce green innovation? Evidence from green patent data of
Chinese listed companies. Econ. Res. ]. 2018, 53, 129-143.

You, D.; Zhang, Y.; Yuan, B. Environmental regulation and firm eco-innovation: Evidence of moderating effects of fiscal
decentralization and political competition from listed Chinese industrial companies. . Clean. Prod. 2019, 207, 1072-1083.
[CrossRef]

Fan, ] PH.; Wong, TJ.; Zhang, T. Politically connected CEOs, corporate governance, and Post-IPO performance of China’s newly
partially privatized firms. . Financ. Econ. 2007, 84, 330-357. [CrossRef]

Niessen, A.; Ruenzi, S. Political Connectedness and Firm Performance: Evidence from Germany. Ger. Econ. Rev. 2010, 11, 441-464.
[CrossRef]

Feng, J.; Yuan, Y. Green investors and corporate ESG performance: Evidence from China. Financ. Res. Lett. 2024, 60, 104892.
[CrossRef]

Waurlod, J.-D.; Noailly, J. The impact of green innovation on energy intensity: An empirical analysis for 14 industrial sectors in
OECD countries. Energy Econ. 2018, 71, 47-61. [CrossRef]

Xie, W,; Tang, Q.; Lu, S. Government R&D funding, corporate R&D expenditure and independent innovation: Empirical evidence
from Chinese listed companies. Financ. Res. 2009, 2009, 86-99.

Lee, M.T.; Raschke, R.L. Stakeholder legitimacy in firm greening and financial performance: What about greenwashing tempta-
tions? J. Bus. Res. 2023, 155, 113393. [CrossRef]

Lyon, T.P.; Montgomery, A.W. The Means and End of Greenwash. Organ. Environ. 2015, 28, 223-249. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.strueco.2004.04.002
https://doi.org/10.1016/j.iref.2023.06.025
https://doi.org/10.3390/su11174512
https://doi.org/10.1016/j.enpol.2019.06.016
https://doi.org/10.1016/j.jik.2023.100392
https://doi.org/10.1016/j.envres.2021.111682
https://doi.org/10.1016/j.jeem.2016.06.002
https://doi.org/10.1016/j.jclepro.2018.10.106
https://doi.org/10.1016/j.jfineco.2006.03.008
https://doi.org/10.1111/j.1468-0475.2009.00482.x
https://doi.org/10.1016/j.frl.2023.104892
https://doi.org/10.1016/j.eneco.2017.12.012
https://doi.org/10.1016/j.jbusres.2022.113393
https://doi.org/10.1177/1086026615575332

	Introduction 
	Literature Review and Hypothesis Development 
	Green Investors and Enterprise Green Innovation 
	State Ownership and Enterprise Green Innovation 

	Data and Research Design 
	Data and Sample Selection 
	Variables 
	Descriptive Statistics 
	Model Construction 

	Empirical Results and Analysis 
	Correlation Analysis 
	Main Regression Analysis 
	The Role of State Ownership 
	Further Analysis 
	Instrumental Variable Method 
	Propensity Score Matching (PSM) Analysis 
	Multiple Time-Point DID (Difference-in-Differences) 
	Alternative Variable Method 


	Conclusions and Discussion 
	References

