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Abstract

Drawing on a comprehensive sample of China’s A-share listed companies spanning
2007-2022, this paper provides empirical evidence on how institutional investment hori-
zons shape corporate green innovation, with special attention to the operative mechanisms.
After implementing standard data screening protocols, the resulting dataset comprising
24,362 firm-year observations is examined through panel regression techniques. The results
demonstrate that longer investment horizons of institutional investors significantly pro-
mote corporate green innovation. Our mechanism analysis indicates that environmental
regulations and subsidy policies significantly moderate the relationship between institu-
tional investors” investment horizons and green innovation. These findings provide both
a novel theoretical perspective and robust empirical evidence on the determinants of cor-
porate green innovation, and yield valuable policy insights for leveraging capital markets
to facilitate the corporate transition to sustainability. It also provides specific references
for policymakers to facilitate corporate green transformation and support the dual-carbon
goals by guiding and incentivizing greater influence exerted by long-term institutional
investors through corporate governance mechanisms.

Keywords: institutional investors; investment horizon; green innovation; environmental
regulation; environmental subsidies

1. Introduction

Since the 21st century, human development has been constrained by greenhouse
gas emissions and environmental pollution, making the reconciliation of economic and
environmental objectives a universal concern for nations worldwide. Against this backdrop,
China has proposed the strategic goals of “achieving carbon peaking before 2030 and
carbon neutrality before 2060”, elevating green transition to a national strategic height in
the overall national development agenda. Aiming to fulfill the dual-carbon goal proposed
in September 2020, the Chinese government launched the “14th Five-Year Plan for Energy
Conservation and Emission Reduction” in December 2021, with targets for 2025 that include
a 13.5 percent reduction was achieved in energy intensity against the 2020 baseline, rational
control of total energy consumption, and substantial emission reductions of no less than
8%, 8%, 10%, and 10% for COD, ammonia nitrogen, NOx, and VOCs, respectively. Green
innovation is considered key to promoting corporate green transformation and alleviating
environmental issues, and its importance in achieving the dual-carbon target has been
widely recognized in both industry and academia. Enterprises, as the primary entities
responsible for pollutant emissions and energy consumption, possess green innovation
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capabilities that directly determine the achievement of the “dual carbon” goals. Green
innovation is widely recognized as the key pathway to resolving the conflict between
economic growth and environmental protection. Given the high investment, high risk, and
dual externalities inherent to green innovation [1,2], companies find it challenging to reach
the optimal investment level through their own efforts. Investigating the determinants of
corporate green innovation is instrumental for informing policies aimed at realizing the
“dual-carbon” vision and guiding corporate green transformation.

Institutional investors, including various securities intermediaries, securities invest-
ment funds (investment companies), pension funds, insurance companies, etc., are pro-
fessional investment entities, fulfilling a monitoring function in corporate governance
by applying their professional competence and informational edge [3,4]. As profes-
sional external governance entities in capital markets, institutional investors have been
proven to significantly influence corporate social responsibility fulfillment and ESG perfor-
mance enhancement by virtue of their information advantages and monitoring capabilities.
Academic literature consistently acknowledges how institutional investors shape firms’ eco-
logical governance, demonstrating pronounced sensitivity to sustainability reporting, ESG
outcomes, and environmental compliance incidents [5,6]. As key participants in the finan-
cial ecosystem, institutional investors are pivotal in advancing corporate green investment
and innovation [7,8]. Research has identified institutional investors as significant drivers
of corporate green innovation, with studies examining dimensions including ownership
stake [9], portfolio characteristics [10], co-institutional investors [11,12], green institutional
investors [13], geographical location of institutional investors [14], and foreign institutional
investors [15]. Although the positive contributions of institutional investors are supported
by an extensive literature, there is substantial heterogeneity in the impact across different
types of institutions [16]. A key criterion to differentiate among institutional investor types
is their investment horizon. The temporal orientation of institutional investors serves as
a governance tool that fosters managerial alignment with enduring corporate objectives,
thereby mitigating short-termism [17,18]. However, existing literature has yet to system-
atically elucidate how institutional investors” investment horizons affect corporate green
innovation, nor has it clarified the moderating mechanisms of government environmental
policies (regulations and subsidies) in this process. The key factor of institutional investors’
governance role is their investment horizon rather than others. Therefore, studying the role
of institutional investors” investment horizon in green innovation is particularly significant,
and this paper’s research fills this research gap. Meanwhile, as crucial tools for addressing
market failures in green innovation, the effectiveness of government environmental poli-
cies is closely tied to the characteristics of market governance entities. Existing research
presents divergent perspectives on the relationship between environmental regulation
and green innovation. Early viewpoints held that environmental regulation increases
corporate compliance costs, thereby “crowding out” green innovation investments [19].
Recent studies, however, propose an “innovation offset effect,” suggesting that stringent
regulations can compel enterprises to enhance efficiency through green innovation [20].
Similarly, while environmental subsidies can alleviate financial constraints on corporate
green innovation [21], some research indicates that subsidized funds might be misappro-
priated, diminishing policy effectiveness [22]. The root of these controversies lies in the
fact that most existing studies examine policy effects in isolation, without analyzing the
interaction mechanisms between policies and market governance in conjunction with the
heterogeneity of institutional investors (particularly investment horizons). This directly im-
pacts the synergistic optimization of environmental policies and capital market governance,
yet remains insufficiently explored.
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Based on this foundation, the current study centers on answering the following re-
search questions: (1) This study pioneers the incorporation of “investment horizon” as a
core dimension into the research framework examining institutional investors and green
innovation, thereby addressing the literature gap concerning the insufficient attention to the
“temporal attribute” of institutional investors and enriching the application of corporate
governance theory in the field of green development. (2) By comparing the differential
moderating effects of environmental regulation and environmental subsidies, it clarifies the
interactive logic of “government intervention—capital governance—corporate innovation,”
thus providing new perspectives for understanding the synergistic mechanisms between
policy instruments and market forces. (3) What role do government policies play in this?
Using 2007-2022 Chinese A-share listed company data, this paper analyzes the connection
linking institutional investment horizons to corporate environmental innovation, while ex-
ploring the channels through which these effects operate. Based on our analysis, our results
demonstrate that extended investment horizons among institutional investors substantially
enhance corporate green innovation, with long-term holders driving the most substantial
improvements. Our analysis of the underlying mechanism reveals that local government
environmental policies and long-term institutional investors act as substitutes for each
other in fostering corporate green innovation. More precisely, regions characterized by
stricter environmental oversight demonstrate that the enhancing role of long-term institu-
tional ownership exhibits high contextual dependence, demonstrating weaker outcomes in
jurisdictions with lenient environmental policies and stronger outcomes where regulatory
pressure is greater. Environmental subsidy policies and long-term institutional investors
mutually reinforce each other in driving green innovation; environmental subsidies increase
the resources available to enterprises, which may be directed towards green innovation
under the proactive intervention mechanism of long-term institutional investors.

The contributions of this research can be categorized into three key aspects: (1) For
the first time, this paper introduces the investment horizon of institutional investors in the
study of corporate green innovation, expanding the literature on institutional investors.
Previous research has largely underexplored the temporal dimensions of institutional
ownership, a gap that the present study addresses to extend corporate governance theory.
(2) This study explores how two different environmental policies—government environ-
mental regulation and environmental subsidies—affect the relationship between the invest-
ment horizon of institutional investors and corporate green innovation. (3) Our research
enhances the conceptual comprehension of the drivers behind corporate environmental
innovation. Existing literature has overlooked the impact of the investment horizon of insti-
tutional investors on corporate green innovation. The investment horizon of institutional
investors is an important governance mechanism. The investment horizon of institutional
investors serves as the core driver of their governance engagement; long-term holders
are inclined toward active governance, while their short-term counterparts are largely
disinclined. This paper pioneers the exploration of the mechanism by which the investment
horizon of institutional investors affects corporate green innovation. By elucidating how
government environmental policies affect corporate green innovation, this study introduces
a novel analytical lens through which to examine how institutional investors’ temporal
orientations shape corporate outcomes and delivers practical implications for promoting
green innovation. This study is structured as follows: Section 2 conducts a thorough
literature review and formulates testable hypotheses; Section 3 outlines the research design
and data sources; Section 4 reports empirical findings and mechanism tests; and Section 5
provides concluding remarks.
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2. Literature Review and Hypothesis Development
2.1. Literature Review

With the increasing severity of environmental issues, green innovation has attracted
significant interest within the fields of environmental economics and innovation research.
Existing research primarily draws on institutional theory, stakeholder theory, and the
resource-based view to conduct a systematic analysis of the internal and external drivers of
corporate green innovation [23-25].

Research based on institutional theory mainly focuses on the impact of national en-
vironmental policies, such as the effects of implementing environmental tax and other
environmental regulation policies, and the impact of providing environmental subsidies.
Scholars have not reached a consensus. Early literature suggested that environmental
regulation increases corporate environmental costs, thereby crowding out productive
investments and suppressing corporate green innovation [19]. However, the Porter Hy-
pothesis posits that environmental regulations can compel firms to increase their investment
in green innovation [22], compensating for corporate environmental costs through “innova-
tion compensation” [20,26,27], and green innovation can also build competitive advantages
for companies, achieving sustainable growth [28,29]. While low-carbon transition bonds in
China have been shown to reduce firms’ financing costs and foster green transformation [30].

Within the framework of stakeholder theory, scholarly work often investigates the
role of key corporate stakeholders, including investors, consumers, suppliers, and the
public [31-33]. Driven by the growing green demands from consumers, suppliers, and
other partners, firms are inclined to adopt green innovation initiatives to enhance their
environmental performance [34]. Serving as core drivers in capital markets, institutional
investors substantially advance corporate green investment and innovation [7,8], promoting
corporate green transformation. Independent directors facilitate green innovation by
mitigating corporate agency problems [35].

Research grounded in resource-based theory investigates the role of organizational
resource bases, management expertise, and knowledge assimilation capabilities in fostering
corporate green innovation [23,36]. The resources that a company possesses, such as
technology, knowledge, infrastructure, and information resources, are the foundation of
green innovation [37,38], and the company’s management capabilities, environmental
awareness, CEO gender, and other factors also affect corporate green innovation [39,40].

As core participants in capital markets, institutional investors” shareholding behaviors
and governance functions have become a research focus in the field of corporate finance.
With their capital scale advantages and professional analytical capabilities, institutional
investors occupy an important position in corporate external governance. Compared to
retail investors, institutional investors are more inclined to participate in corporate decision-
making through active shareholding rather than “voting with their feet.” This governance
characteristic enables them to impose constraints on corporate inefficiencies such as non-
efficient investment and agency problems [7,8]. In the context of green development, some
studies have begun to focus on the environmental preferences of institutional investors,
confirming that differences in their shareholding ratios, portfolio characteristics [10], institu-
tional investor coalitions [11,12], green institutional investors [13], geographical distribution
of institutional investors [14], and foreign institutional investors [15] can significantly pro-
mote corporate green investment, green innovation activities, and facilitate corporate green
transformation. This provides direct literature support for the core hypothesis of this paper
that “institutional investors influence corporate green innovation.” This provides direct
literature support for this study’s core hypothesis that “institutional investors influence
corporate green innovation.” However, existing research predominantly focuses on charac-
teristics such as institutional investors’ shareholding ratios, ownership nature, and industry
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background, while generally overlooking the critical dimension of “investment horizon”
that affects governance effectiveness. From a governance logic perspective, institutional
investors” monitoring functions and value orientations significantly differ with investment
horizons: short-term institutional investors tend to focus on short-term performance met-
rics like quarterly earnings and may adopt a conservative stance toward green innovation
due to its long payback periods and high uncertainty; whereas long-term institutional
investors place greater emphasis on corporate sustainable development capabilities and
are willing to promote green innovation through long-term supervision and resource sup-
port [23]. This governance divergence arising from investment horizons constitutes the
core logical foundation for this study’s hypothesis that “long-term institutional investors
positively influence corporate green innovation.”

Previous studies have been fruitful in the field of factors influencing corporate green
innovation but have neglected the factor of institutional investors” investment horizon.
Institutional investors are the most important external governance factors in the capital
market. The extant literature has extensively examined factors like the equity stake and
categories of institutional investors, yet has largely neglected the pivotal role of investment
horizon in their governance function. The supervisory function is most effectively exercised
by those maintaining enduring ownership positions. By investigating how institutional
investors’ time horizons shape green innovation, this study elucidates the underlying
mechanisms through which they influence corporate green practices, thereby filling a
critical research gap.

2.2. Hypothesis Development

Institutional investors represent an important and effective governance mechanism
within companies, mitigating information asymmetry and agency problems [4]. While the
positive role of institutional investors is well-documented in the literature, their functions
vary significantly across different types [16]. One perspective for categorizing institutional
investors is the duration of their investment horizon, which influences their approach
to corporate governance. By virtue of their buy-and-hold strategy, which facilitates the
spreading of monitoring costs and benefits over the long run, long-term investors are
particularly adept at managerial oversight [18]. The investment horizon of institutional
investors is an external governance mechanism that encourages management to focus on
long-term corporate goals rather than short-term objectives [18]. Institutional investors
fulfill these objectives through active monitoring and direct engagement with corporate
leadership, among other proactive intervention mechanisms, which are the preferred mech-
anisms of long-term institutional investors [16,41]. Long-term investors do not choose
to vote with their feet but instead opt to establish long-term relationships with the man-
agement of their investee companies, acquire a thorough grasp of the enterprise’s oper-
ations, execute well-informed interventions, and capture enduring value derived from
systematic monitoring.

Green innovation encompasses a firm’s development of new products, processes,
and managerial systems designed to achieve sustainable development objectives while
generating positive economic and environmental outcomes [42]. This form of innovation
generally falls into two primary classifications: green technological innovation and green
organizational innovation. Green technological innovation pertains mainly to the creation
of novel environmentally friendly products, green production processes, etc., reducing
pollution at the source and improving the efficiency of resource and energy use [43]. In
addition, end-of-pipe treatment technologies can reduce adverse environmental impacts,
meet government environmental requirements, obtain a good green image, and avoid
non-compliance costs [44]. Based on the cost-benefit theory and resource-based theory,



Sustainability 2025, 17, 10402

6 of 34

green innovation can reduce costs, improve efficiency, form the core competitive advantage
of enterprises, and thus contribute to sustainable corporate development [45]. Green
management innovation generally improves the efficiency of resource acquisition and use
through green management techniques and methods, enhances corporate green learning
capabilities, and improves corporate sustainable development performance [46]. Green
management innovation can also enable enterprises to comply with national environmental
policies, thereby obtaining scarce resources such as tax incentives and environmental
subsidies, while establishing good relationships with stakeholders, thus promoting the
growth of corporate sustainable development performance [47].

Based on the preceding analysis, we postulate that a longer investment horizon of
institutional investors correlates positively with higher levels of corporate green innovation,
formulated as hypotheses Hla and H1b:

Hla. The turnover rate of institutional investors demonstrates an adverse association with
enterprises’ green innovation.

H1b. Long-term institutional investors promote corporate green innovation.

Next, we propose hypotheses about the possible channels through which the invest-
ment horizon of institutional investors affects corporate green innovation. Government
environmental policies, as external environmental governance mechanisms for companies,
may interact with the external constraints imposed by long-term institutional investors.
Government environmental policies consist of two different types of policies: environmen-
tal regulation and environmental subsidies. Environmental regulation is the government’s
use of laws, regulations, and policies to restrict corporate production and business activ-
ities, encouraging enterprises to fulfill environmental protection responsibilities. Prior
research demonstrates that regulatory pressures lead corporations to develop environmen-
tally sustainable technologies and practices [26,27,29]. The inter-provincial disparities in
environmental enforcement within China lead us to speculate on the existence of a substi-
tutive dynamic between long-term institutional investors and local regulatory stringency.
In areas with high environmental regulation intensity, long-term institutional investors
lack the motivation to supervise and intervene, while in areas with weaker environmental
regulation intensity, long-term institutional investors have a stronger incentive to super-
vise and intervene. In addition, environmental subsidies are also a type of government
environmental policy. Contrary to environmental regulation, environmental subsidies are
financial supports provided by the government for corporate environmental protection or
management activities, in the form of cash payments or tax incentives, for environmental
protection. The resource-based theory posits that corporate decision-making is influenced
by the resources it possesses, and environmental subsidies alleviate corporate financial
constraints. We speculate that under the same level of supervision and intervention by
long-term institutional investors, the greater the subsidies a firm receives, the greater its
investment in green innovation, thereby resulting in a higher level of green innovation. Put
differently, environmental subsidies reinforce the function of long-term institutional investors
through their engagement in green innovation. In summary, we propose H2 and H3:

H2. Environmental requlatory stringency attenuates the connection linking long-term institutional
investors with corporate green innovation.

H3. Government environmental subsidies strengthen the relationship between long-term institu-
tional investors and corporate green innovation.
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Figure 1 graphically represents the conceptual framework employed in this paper.
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Figure 1. Conceptual Framework Diagram.

3. Research Design
3.1. Sampling and Data

The core sample includes all A-share listed firms during the 2007-2022 timeframe.
Following established research practices, we applied the following data cleaning procedures
to ensure dataset reliability and validity: (1) excluding ST and *ST companies; (2) excluding
companies in the financial industry; (3) removing observations with missing data for the
dependent, independent, or other control variables; (4) winsorizing all continuous variables
at the 1st and 99th percentiles. After this screening process, a final sample of 24,362 valid firm-
year observations was obtained. Data for the core variables and control variables were sourced
from the CSMAR database. All data processing was performed using Stata 17 software.

3.2. Variable
3.2.1. Dependent Variable: Green Innovation

There are two main indicators for measuring corporate green innovation. One ap-
proach adopts green R&D expenditure from the input dimension, whereas the alternative
adopts an output-oriented perspective using green patent application counts as the indica-
tor. The measurement of corporate green innovation in this research builds on green patent
applications, which capture innovation outputs most directly and completely reflect firms’
green innovation initiatives through quantitative application records [1,48].

3.2.2. Independent Variables: Institutional Investor Turnover Rate and the Ownership
Stake of Long-Term Institutional Investors

We first calculate the turnover rate in each investment institution’s portfolio [49]:

Yico|NiitPit — Nyip-1Pji—1 — Njir-1 O Py .
NiitPjt 4 Njit—1Pj1—1 @)
ZfGQ 2

CRi,t -

In the formula, CRi,t represents the turnover rate of institutional investor i in period t,
Nj,it and Pj,t represent the number of shares and the price of the stock held by institutional
investor i in company j during period t, and Q indicates the total number of companies in
which institutional investor i has holdings.

Secondly, the weighted average turnover rate of institutional investor holdings is
constructed using the turnover rate of each institutional investor:

1.4
Wacriy = Y wiis <4 Y CRi,t—r+1> (2)
-

ieS r
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In the formula, Wacr; ; represents the weighted average turnover rate of all institutional
investors in company k over the past four quarters, S denotes the set of all institutional
investors in company k, and Wy ; ; indicates the holding weight of institutional investor i
amonyg all institutional investors in company k in the t-th quarter.

Lastly, we define the institutional investors with the lowest one-third annual turnover
rates as long-term institutional investors, and the proportion of shares held by long-term
institutional investors is denoted as Ltio. Conversely, the institutional investors with the
highest one-third turnover rates are defined as short-term institutional investors, with the
proportion of shares held by short-term institutional investors represented as Stio.

3.2.3. Control Variables

Consistent with prior research [4], our analysis accounts for these control variables.
Company financial characteristic variables, including return on total assets, actual tax
burden, operating cash flow, capital expenditure, and company size; corporate governance
variables, such as the proportion of shares held by short-term institutional investors, the
proportion of independent directors on the board, the proportion of shares held by the top
three shareholders, and the combination of chairman and CEO roles: Table 1 provides the
definitions for all variables.

Table 1. Variable Definitions.

Variable Types Variable Name Variable Definition Variable Reference Variable Source
. . The natural logarithm of the number of green (L. Y. Liuetal., 2021;
Explained variable G invention patent applications plus one Z.D. Xie etal., 2022) [1,48] CSMAR
Turnover rate of institutional investors, the
Wacr detailed calculation formula is shown in (Gaspar et al., 2005) [49] CSMAR
Formulas (2) and (3).
Explanatory variable Ltio Shgrel}old_mg by long-term CSMAR
institutional investors
If long-term investors hold more shares than
D_ltio_stio short-term investors, the valueis 1,
otherwise itis 0
Stio The proportion of short-term (Driss etal., 2021) [4] CSMAR
institutional investors
The proportion of independent . ,
Inde_boart directors on the board (Driss et al., 2021) [4] CSMAR
Top3 The proportion of the top three shareholders (Driss et al., 2021) [4] CSMAR
Roa Return on total assets (Driss etal., 2021) [4] CSMAR
Dual If the general manager and c.hal'rl.nan are the (Driss et al., 2021) [4] CSMAR
same, itis 1, otherwise itis 0
Tax_real Actual tax burden = (Taxes paid — (Driss et al., 2021) [4] CSMAR
tax refunds received)/income
Control variables N N
Q Tobin’s Q value (Driss etal., 2021) [4] CSMAR
Os Operating cash flow/total assets (Driss et al., 2021) [4] CSMAR
Debttocash Total debt/net cash flow (Driss et al., 2021) [4] CSMAR
Opera .V(?latlhty of operating pro_ﬁt, stanc_:lard ) (Driss etal., 2021) [4] CSMAR
deviation of three-year operating profit margin
Capital expenditure = Cash paid for the
. purchase and construction of fixed assets, . .
Capital intangible assets and other long-term (Driss et al., 2021} [4] CSMAR
assets/total assets at the beginning of the period
Size The natural log of total assets (Driss etal., 2021) [4] CSMAR

Source: Authors’ data description, 2025. Note that all data were collected from 2007 to 2022. Also, control variables
are necessary to account for the interference of macroeconomic factors on the robustness of the model.

3.3. Model

This paper employs Model (3) to test the proposition of whether the investment
horizon of institutional investors contributes to corporate green innovation. To examine
the proposition of whether long-term institutional investors help to enhance corporate
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green innovation, we use Model (4) for the test. We measure the investment horizon of
institutional investors by the turnover rate of institutional investors. Based on the analysis
in the previous text, it is expected that the coefficient of Wacr will be significantly negative.

GI = Bo+ Prwacr +Y_BiCV+Y YE+) IND +e (3)

GI = Bo + Paltio + Postio+ Y BiCV+ Y YE+) IND+¢ (4)

In the equation, 3 represents the coefficient, and CV stands for control variables, the
specifics of which are shown in Table 1.

4. Data Analysis and Results
4.1. Descriptive Statistics

The descriptive statistical results of the variables are shown in Table 2. The mean of
corporate green innovation (GI) is 0.700, with a standard deviation of 1.060, a minimum
value of 0, and a maximum value of 4.300. The results reveal a low average level of corporate
GI performance, accompanied by significant cross-firm heterogeneity. The institutional
investor turnover rate (Wacr) averages 1.350, ranging from 0 to 5.630. This dispersion
collectively indicates that institutional investors in China’s capital market maintain a
short-term orientation, with an average investment horizon falling below one year. In
China’s capital market, the average combined holding ratio of the one-third longest-term
institutional investors is 35%, reaching a maximum of 86%, but there is also a significant
variation, with a standard deviation of 24%. In contrast, with an average of 5%, the collective
ownership of short-term institutional investors reaches up to 62% at its maximum.

Table 2. Descriptive statistics.

Variable N Mean SD Min p50 Max
GI 24,362 0.700 1.060 0.000 0.000 4.300
Wacr 24,362 1.350 1.280 0.000 0.980 5.630
Ltio 24,362 0.350 0.240 0.000 0.350 0.860
Stio 24,362 0.050 0.110 0.000 0.010 0.620
Inde_boart 24,362 0.370 0.050 0.300 0.330 0.570
Top3 24,362 0.470 0.150 0.160 0.470 0.850
Roa 24,362 0.050 0.070 —0.260 0.050 0.250
Dual 24,362 0.260 0.440 0.000 0.000 1.000
Tax_real 24,362 0.060 0.060 —0.070 0.040 0.310
Q 24,362 2.040 1.330 0.860 1.610 8.870
Os 24,362 0.050 0.070 —0.180 0.050 0.260
Debttocash 24,362 7.430 44.370 —178.900 4.650 267.400
Opera 24,362 0.110 0.260 0.000 0.040 2.150
Capital 24,362 0.060 0.070 0.000 0.040 0.370
Size 24,362 22.100 1.240 19.500 21.960 25.870

Note(s): This table presents the descriptive statistics for the variables used in this manuscript. It contains data
with 24,362 company-year observations in total. The variable definitions can be found in Table 1.

The return on assets (Roa) has a mean of 5%, with a minimum of —26% and a maximum
of 25%, suggesting a relatively low level of overall profitability among listed companies.
The maximum value of the top three shareholders” holding ratio is 0.850, with a minimum
of 0.141 and a mean of 0.353. For the proportion of independent directors (Inde_boart),
the mean is 0.370, with observed values ranging from 0.300 to 0.570. The average of the
chairman and general manager holding dual positions (Dual) is 0.260.
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4.2. Benchmark Regression

The regression analysis in this paper is estimated with clustering by firm, and the
corresponding results are presented in Table 3. The results in columns (1) and (2) of Table 3
correspond to the tests of Model (3). Column (1) does not control for other variables except
the institutional investor turnover rate, while Column (2) controls for all variables as well
as industry and year dummy variables. Analysis reveals a significant inverse relationship
between institutional investor turnover and corporate green innovation. This finding, supported
by a coefficient significant at the 1% level, provides confirmation for Hypothesis Hla. Columns
(3), (4), (5), and (6) of Table 3 are the test results for Model (4). Column (3) demonstrates a
strong positive relationship (coefficient = 0.577) between long-term institutional ownership
and corporate green innovation, statistically significant at the 99% confidence level. After
controlling for control variables, year, and industry fixed effects, Column (4) shows that
this correlation coefficient 3 becomes 0.154, and Column (5) shows a coefficient of 3 = 0.129,
both significant at the 1% level. This result clarifies that the shareholding ratio of long-
term institutional investors has a promoting effect on corporate green innovation output.
Furthermore, we set a dummy variable D_ltio_stio to indicate whether the shareholding
ratio of long-term institutional investors is greater than that of short-term institutional
investors, with a regression coefficient of 3 = 0.05 (p < 1%), consistent with Hypothesis H1b.
The robustness of the model’s overall significance is demonstrated through F-test results
(p < 0.001) maintained across all empirical specifications. Long-term institutional investors
possess stronger incentives to oversee corporate management, focusing on long-term risks
and sustainable development rather than short-term stock price fluctuations. Consequently,
they encourage firms to pursue green transformation to mitigate future environmental regu-
latory risks. Moreover, green innovation projects—characterized by extended timelines and
high risks—require precisely the kind of long-term, stable financial support that long-term
investors provide as “patient capital.” Our findings align with existing literature [7], which
has documented the positive role of institutional investors in corporate green governance.
Our research refines this understanding by demonstrating that not all institutional investors
contribute equally—only those with a long-term investment horizon exert such influence.
This study advances existing scholarship through the novel integration of an investment
horizon framework into corporate green innovation research. As consolidated in Table 3,
the hypothesis testing results demonstrate that the core regression outputs validate the
proposed hypotheses Hla and H1b.

Table 3. Regression of wacr and Itio on GI: baseline regression.

1) 2) (3) 4) (5) (6)
VAR GI GI GI GI GI GI
Wacr —0.096 *** —0.032 ***
(—18.84) (—7.48)
Ltio 0.577 *** 0.154 *** 0.129 **
(10.62) (3.68) (2.05)
Stio —0.046
(—0.60)
D_ltio_stio 0.050 ***
(3.31)
Inde_boart 0.405 ** 0.422 ** 0.419 ** 0.420 **
(2.14) (2.23) (2.22) (2.21)
Top3 —0.259 ** —0.366 *** —0.345 *** —0.261 **
(—2.39) (—3.33) (—3.02) (—2.41)
Roa —0.069 —0.083 —0.082 —0.084

(—0.70) (—0.85) (—0.84) (—0.85)
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Table 3. Cont.
1) 2) (3) 4) (5) (6)
VAR GI GI GI GI GI GI
Dual 0.018 0.019 0.019 0.018
(0.77) (0.81) (0.80) (0.78)
Tax_real —0.949 *** —0.901 *** —0.900 *** —0.903 ***
(—5.31) (—5.07) (—5.06) (—5.06)
Q 0.035 *** 0.032 *** 0.033 *** 0.034 ***
(5.98) (5.51) (5.58) (5.74)
Os 0.128 0.112 0.114 0.112
(1.63) (1.43) (1.45) (1.43)
Debttocash —0.000 —0.000 —0.000 —0.000
(—0.98) (—0.96) (—0.95) (—=0.93)
Opera 0.073 ** 0.071 ** 0.071 ** 0.073 **
(2.15) (2.11) (2.14) (2.17)
Capital —0.281 *** —0.304 *** —0.301 *** —0.318 ***
(—2.62) (—2.83) (—2.81) (—2.96)
Size 0.459 *** 0.460 *** 0.461 *** 0.466 ***
(28.30) (28.20) (28.25) (28.58)
Constant 0.830 *** —9.432 *** 0.500 *** —9.52] *** —9.533 *** —9.686 ***
(120.80) (—24.62) (26.36) (—24.77) (—24.80) (—25.22)
Obs 24,375 24,362 24,375 24,362 24,362 24,362
Indu FE Yes NO Yes Yes Yes
Year FE Yes NO Yes Yes Yes
r2_a 0.223 0.0147 0.221 0.221 0.221
F 354.9 *** 94.62 *** 112.8 *** 93.04 *** 86.03 *** 93.55 ***

Note(s): Asterisks denote statistical significance at the following levels: ** p < 0.05, *** p < 0.01. The data utilized
in this study are sourced from the CSMAR database, covering Shanghai and Shenzhen A-share listings from
2007 to 2022 (retrieved in 2025).

4.3. Moderating Mechanism Regression

Within the theoretical framework of this study, we investigates how environmental
regulation and subsidies moderate the association between long-term institutional investors
and corporate green innovation. Next, this paper will test this in the empirical part.

4.3.1. Test of Environmental Regulation Moderating Effect

As a government-led governance tool, the core function of environmental regulation
lies in establishing corporate environmental constraints through rigid regulatory measures,
which creates critical interactions with the market supervision conducted by long-term
institutional investors. Within the context of market-oriented transformation, governments
in regions with high regulatory intensity directly assume some of the supervisory respon-
sibilities that would otherwise be performed by institutional investors by strengthening
environmental investments and regulatory systems. This essentially forms a “government
regulation—-market governance” substitution mechanism—when administrative supervi-
sion is sufficiently robust, the monitoring role of institutional investors becomes less critical
for ensuring corporate environmental compliance. This study follows the approach of prior
research by measuring environmental regulation using the ratio of provincial pollution
control investment to industrial value-added [50,51].

By incorporating an interaction term between environmental regulation and long-term
institutional ownership into the model, Table 4 reports the estimation results. The signifi-
cantly positive coefficient (at the 1% level) of the interaction term between environmental
regulation and institutional investor turnover (ER*Wacr) indicates that environmental regu-
lation directly mitigates the inhibitory effect of high investor turnover on green innovation
by complementing supervisory functions. The flattened slope of the line in Figure 2a
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visually demonstrates this counterbalancing effect. The results in column (2) show a
significantly negative coefficient (at the 1% level) for the interaction term between envi-
ronmental regulation and long-term institutional investors (ER*Ltio), further confirming
that the negative correlation between institutional investor turnover and green innovation
is weakened in strong regulatory environments. In column (3), even after controlling for
short-term institutional ownership, the core findings remain robust, indicating that the
substitution mechanism is not influenced by other market governance factors. This verifies
the robustness of the H3 conclusion.

Table 4. Regulatory effects of environmental regulations.

1) 2) (3)
VAR GI GI GI
Wacr —0.061 ***
(—7.93)
ER —40.323 *** 12.935 * 13.359 *
(—=7.14) (1.77) (1.83)
ER x Wacr 12.461 ***
(6.02)
Ltio 0.385 *** 0.367 ***
(6.16) (4.75)
ER xLtio —108.586 *** —109.094 ***
(—6.38) (—6.42)
Stio —0.037
(—0.48)
Inde_boart 0.404 ** 0.390 ** 0.387 **
(2.14) (2.09) (2.07)
Top3 —0.242 ** —0.388 *** —0.372 ***
(—2.24) (—3.55) (—3.27)
Roa —0.072 —0.083 —0.082
(—0.73) (—0.85) (—0.84)
Dual 0.018 0.019 0.019
(0.80) (0.82) (0.81)
Tax_real —0.870 *** —0.823 *** —0.823 ***
(—4.87) (—4.66) (—4.66)
Q 0.036 *** 0.037 *** 0.031 ***
(6.04) (5.31) (5.36)
Os 0.120 0.109 0.110
(1.54) (1.39) (1.41)
Debttocash —0.000 —0.000 —0.000
(—=0.91) (—0.96) (—0.95)
Opera 0.064 * 0.066 * 0.067 **
(1.88) (1.96) (1.98)
Capital —0.258 ** —0.267 ** —0.265 **
(—2.41) (—2.50) (—2.48)
Size 0.448 *** 0.442 *** 0.442 ***
(26.78) (26.41) (26.45)
Constant —9.140 *** —9.120 *** —9.133 ***
(—23.13) (—23.14) (—23.18)
Obs 24,362 24,362 24,362
Indu FE YES YES YES
Year FE YES YES YES
r2_a 0.225 0.225 0.225
F 87.28 *** 87.55 *** 81.72 ***

Note(s): This table depicts the hypothesized moderating influence of environmental regulation. The sample
consists of 24,362 firm-year observations from 2007 to 2022. Employing robustness regression methods, asterisks
denote statistical significance at the following levels: * p < 0.1, ** p < 0.05, *** p < 0.01.



Sustainability 2025, 17, 10402

13 of 34

Dependent variable

0.85

0.80

0.65

low IV

er=0.0000491
&

er=0.0000491

0.75r

—

er=0.0036 er=0.0036

Dependent variable

0.70F

0.65H% 1

high IV low IV high IV

a. Turnover rate of institutional investors b.Long-term institutional investor holdings

Figure 2. The environmental regulation weakens the relationship between institutional investor
turnover rate and green innovation is shown in (a). The weakening effect of environmental regulation
on the role of the proportion of shares held by long-term institutional investors is shown in (b).
Source: own processing. Source: Own processing (2025).

These results demonstrate that the moderating value of environmental regulation is
not merely an additive effect but operates through “complementary checks and balances
between administrative regulation and market governance.” This mechanism reduces
corporate reliance on the stability of long-term institutional ownership and provides dual
governance safeguards for green innovation.

4.3.2. Test of Environmental Subsidies Moderating Effect

The dual externality characteristics of green innovation lead to insufficient market-
driven investment. The core value of government environmental subsidies lies in address-
ing this dilemma through fiscal empowerment, thereby forming a complementary mecha-
nism with long-term institutional investors characterized by “funding support-governance
empowerment.” While subsidies inject tangible resources by directly alleviating financing
constraints, institutional investors provide intangible governance by optimizing resource
allocation and reducing agency costs through their long-term orientation [21]. Therefore,
government environmental subsidies may form a complementary effect with long-term
institutional investors, thereby strengthening the positive relationship between their share-
holding and corporate green innovation.

To empirically test this effect, we constructed an interaction term between govern-
ment environmental subsidies (Lnsub) and long-term institutional ownership (Ltio). In
Table 5, the interaction term between government environmental subsidies and institu-
tional investor turnover (Lnsub*Wacr) is significantly negative (p < 0.01), indicating that
subsidies weaken the negative impact of high turnover on green innovation. Meanwhile,
the interaction term between subsidies and long-term institutional ownership (Lnsub*Ltio)
is significantly positive (p < 0.01), and the conclusion remains robust after incorporating
short-term institutional ownership as a control variable. This visually demonstrates that
subsidies, by providing additional funding, make the long-term governance effects of
institutional investors more readily achievable. The visualization results in Figure 3a,b
further corroborate this synergistic amplification effect of “resources + governance.”
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Table 5. Regulatory effects of environmental subsidies.
(1) () 3
VAR GI GI GI
Lnsub 0.018 *** —0.007 ** —0.007 **
(7.10) (—2.18) (—2.24)
Wacr —0.068 ***
(=7.16)
Lnsub*Wacr —0.007 ***
(—10.41)
Ltio 0.339 *** 0.373 ***
(3.43) (3.38)
Lnsub*Ltio 0.033 *** 0.033 ***
(4.91) (4.95)
Stio —0.054
(—0.71)
Inde_boart 0.401 ** 0.418 ** 0.414 **
(2.13) (2.22) (2.20)
Top3 —0.260 ** —0.381 *** —0.357 ***
(—2.41) (—3.49) (—3.13)
Roa —0.067 —-0.072 -0.071
(—0.69) (—0.74) (—0.73)
Dual 0.018 0.018 0.018
(0.80) (0.79) (0.79)
Tax_real —0.902 *** —0.881 *** —0.880 ***
(—5.06) (—4.97) (—4.96)
Q 0.036 *** 0.032 *** 0.032 ***
(6.03) (5.41) (5.48)
Os 0.124 0.116 0.117
(1.59) (1.48) (1.50)
Debttocash —0.000 —0.000 —0.000
(—1.05) (—1.00) (—0.98)
Opera 0.079 ** 0.075 ** 0.076 **
(2.37) (2.24) (2.27)
Capital —0.259 ** —0.295 *** —0.2971 ***
(—2.43) (—2.75) (—2.72)
Size 0.447 *** 0.450 *** 0.451 ***
(27.21) (27.03) (27.09)
Constant —9.453 *** —9.185 *** —9.198 ***
(—24.53) (—23.94) (—23.98)
Obs 24,354 24,354 24,354
Indu FE YES YES YES
Year FE YES YES YES
r2_a 0.227 0.223 0.223
F 83.26 *** 80.83 *** 75.59 ***

Note: This table reports the moderating role of environmental subsidies. The analysis is based on a sample
of 24,354 firm-year observations (2007-2022), estimated using robust regression, asterisks denote statistical

significance at the following levels: ** p < 0.05, *** p < 0.01.

Environmental subsidies do not merely represent simple capital injections; rather,
through their complementary adaptation with market governance mechanisms, they ad-
dress the dual bottlenecks of resource constraints and agency problems in green innovation.
This provides policymakers with insights for coordinated implementation of fiscal support
and capital guidance. These findings are consistent with the theoretical proposition of

Hypothesis 3.
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Figure 3. The environmental subsidies strengthen the relationship between institutional investor
turnover rate and green innovation is shown in (a). The weakening effect of environmental subsidies
on the role of the proportion of shares held by long-term institutional investors is shown in (b).
Source: Own processing (2025).

4.4. Robustness Test
4.4.1. Change in the Measurement of the Dependent Variable

Green patents include green invention patents and green utility model patents. Among
these, green invention patents represent new technical proposals for green products, green
process methods, or their improvements, better reflecting the investment intensity and
technical level of corporate green innovation activities. In the robustness check, we replaced
the dependent variable with the logarithm of “number of authorized green invention
patents + 1” and re-estimated the main regression. The results are presented in Table 6.
The findings show that in column (1) of Table 6, the coefficient for institutional investor
turnover rate (Wacr) is —0.014 (p < 0.01). Columns (2) and (3) show coefficients for long-term
institutional investors (Ltio) of 0.115 and 0.094, respectively (both significant at the 1% level).
Column (4) shows a coefficient of 0.038 (p < 0.01) for the dummy variable D_ltio_stio,
consistent with the core patterns in Table 3. The robustness check results for moderating
effects are shown in Table 7, where the signs of the interaction term coefficients align with
conclusions from existing literature, supporting hypotheses H2 and H3, and verifying the
robustness of conclusions under different measures of the dependent variable.

Table 6. Baseline regression robustness test: Change the way explained variables are measured.

1) (2) 3) 4)
VAR Lngiv_app Lngiv_app Lngiv_app Lngiv_app
Wacr —0.016 ***
(—4.49)
Ltio 0.115 *** 0.094 ***
(3.24) (2.75)
Stio —0.039
(—0.59)
D_ltio_stio 0.038 ***
(2.97)

Inde_boart 0.349 ** 0.358 ** 0.355 ** 0.356 **

(2.16) (2.22) (2.21) (2.20)
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Table 6. Cont.

3)

4)

@ 2)
VAR Lngiv_app Lngiv_app Lngiv_app Lngiv_app
Top3 —0.156 * —0.235** —0.218 ** —0.156 *
(—1.71) (—2.53) (—2.25) (—1.71)
Roa —0.095 —0.101 —0.100 —0.101
(—1.17) (—1.25) (—1.24) (—1.25)
Dual 0.033 0.033 * 0.033 * 0.032
(1.64) (1.66) (1.65) (1.63)
Tax_real —0.742 *** —0.717 *** —0.716 *** —0.718 ***
(—4.98) (—4.84) (—4.82) (—4.83)
Q 0.027 *** 0.025 *** 0.026 *** 0.026 ***
(5.40) (5.04) (5.11) (5.26)
Os 0.070 0.063 0.064 0.062
(1.12) (1.00) (1.02) (1.00)
Debttocash —0.000 —0.000 —0.000 —0.000
(—0.25) (—0.23) (—0.22) (—0.20)
Opera 0.055 * 0.053 * 0.054 * 0.055 *
(1.92) (1.87) (1.90) (1.92)
Capital —0.216 ** —0.220 ** —0.218 ** —0.231 ***
(—2.51) (—2.57) (—2.54) (—2.68)
Size 0.344 *** 0.343 *** 0.343 *** 0.347 ***
(23.91) (23.72) (23.77) (24.02)
Constant —7.194 *** —7.186 *** —7.196 *** —7.309 ***
(—21.24) (—21.24) (—21.28) (—21.57)
Obs 24,362 24,362 24,362 24,362
Indu FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
r2_a 0.182 0.181 0.181 0.181
F 65.07 *** 64.73 *** 59.98 *** 65.16 ***

Note(s): This table presents the robustness test for the moderating effect by altering the measurement of the
explained variable. The sample consists of 24,362 firm-year observations from 2007 to 2022. Employing robust-
ness regression methods, asterisks denote statistical significance at the following levels: * p < 0.1, ** p < 0.05,

% p < 0.01.

Table 7. Robustness test of the adjustment effect: change the measure of the explained variable.

(1) () (3) @ (5) (6)
VAR Lngiv_app Lngiv_app Lngiv_app Lngiv_app Lngiv_app Lngiv_app
Wacr —0.038 *** —0.057 ***
(—5.79) (—7.50)
Ltio 0.324 *** 0.301 *** 0.324 *** 0.356 ***
(6.11) (4.58) (3.99) (3.92)
Stio —0.046 —0.051
(—0.70) (—0.78)
ER —23.209 *** 21.868 *** 22.393 ***
(—4.85) (3.57) (3.67)
Lnsub 0.017 *** —0.010 *** —0.010 ***
(5.58) (—3.76) (—3.84)
ER*Wacr 8.817 ***
(5.14)
ER*Ltio —94.410 *** —95.039 ***
(—6.65) (—6.69)
Lnsub*Wacr —0.005 ***
(—9.25)
Lnsub*Ltio 0.030 *** 0.030 ***
(5.21) (5.26)
Inde_boart 0.354 ** 0.341 ** 0.338 ** 0.350 ** 0.360 ** 0.356 **
(2.19) (2.13) (2.12) (2.17) (2.24) (2.21)
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Table 7. Cont.
(¥)) @ 3) @ (5) (6)
VAR Lngiv_app Lngiv_app Lngiv_app Lngiv_app Lngiv_app Lngiv_app
Top3 —0.147 —0.264 *** —0.244 ** —0.154 * —0.246 *** —0.223 **
(—1.61) (—2.85) (—2.53) (—1.68) (—2.66) (—2.31)
Roa —0.097 —0.103 —0.101 —0.092 —0.092 —0.091
(=1.21) (-1.27) (—1.26) (—1.15) (—1.14) (-1.13)
Dual 0.033 * 0.033 * 0.033 * 0.033 * 0.033 * 0.033 *
(1.66) (1.67) (1.66) (1.68) (1.66) (1.65)
Tax_real —0.704 *** —0.683 *** —0.683 *** —0.718 *** —0.713 *#** —0.712 ***
(—4.71) (—4.64) (—4.63) (—4.83) (—4.84) (—4.82)
Q 0.027 *** 0.024 *** 0.024 *** 0.027 *** 0.024 *** 0.025 ***
(5.45) (4.81) (4.88) (5.42) (4.87) (4.95)
Os 0.065 0.061 0.062 0.067 0.066 0.067
(1.05) (0.98) (1.00) (1.07) (1.06) (1.08)
Debttocash —0.000 —0.000 —0.000 —0.000 —0.000 —0.000
(—0.21) (—0.25) (—0.24) (—0.29) (—0.24) (—0.23)
Opera 0.051 * 0.054 * 0.055 * 0.059 ** 0.056 * 0.056 **
(1.77) (1.86) (1.90) (2.08) (1.95) (1.99)
Capital —0.205 ** —0.201 ** —0.199 ** —0.198 ** —0.212** —0.209 **
(—2.39) (—2.35) (—2.32) (—2.32) (—2.47) (—2.43)
Size 0.340 *** 0.332 *** 0.333 *** 0.339 *** 0.339 *** 0.340 ***
(22.72) (22.32) (22.38) (23.08) (22.83) (22.90)
Constant —7.058 *** —6.989 *** —7.005 *** —7.253 *** —6.959 *** —6.972 ¥
(—20.10) (—20.02) (—20.07) (—21.13) (—20.56) (—20.60)
Obs 24,362 24,362 24,362 24,354 24,354 24,354
Indu FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
r2_a 0.183 0.184 0.184 0.184 0.183 0.183
F 59.56 *** 60.39 *** 56.39 *** 56.83 *** 56.35 *** 52.77 ***

Note(s): This table shows the method of changing the measurement of the explained variable in robustness
regression. Our dataset includes 24,362 firm-year observations covering the years 2007 through 2022. Employing
robustness regression methods, asterisks denote statistical significance at the following levels: * p < 0.1, ** p < 0.05,
k4

p <0.01.

4.4.2. Change in Sample Time Frame

To mitigate potential confounding effects of the 2008 financial crisis and the 2020
COVID-19 pandemic on corporate green innovation, we excluded data from these respec-
tive years and retained the 2009-2019 sample for renewed regression analysis to assess the
robustness of our findings. The estimation results are presented in Tables 8 and 9, where
Table 8 reports the baseline regression results and Table 9 presents the moderating effect
regression results. As shown in the regression results, the negative effect of institutional
investor turnover rate and the positive effect of long-term institutional ownership remain
statistically significant. The signs of the coefficients for the interaction terms involving envi-
ronmental regulation, environmental subsidies, and institutional investor-related variables
remain unchanged, providing further verification of our research hypotheses.

Table 8. Baseline regression robustness test: Change sample time.

@ @ ®) @
VAR GI GI GI GI
Wacr —0.024 ***
(—5.41)
Ltio 0.107 *** 0.114 ***
(2.62) (2.74)
Stio 0.012

(0.15)
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Table 8. Cont.
1) () (3) 4)
VAR GI GI GI GI
D_ltio_stio 0.038 ***
(2.59)
Inde_boart 0.396 * 0.428 ** 0.428 ** 0.427 **
(1.92) (2.07) (2.08) (2.07)
Top3 —0.597 *** —0.686 *** —0.692 *** —0.614 ***
(—4.63) (=5.27) (—5.12) (—4.76)
Roa —0.066 —0.085 —0.085 —0.085
(—0.60) (—0.78) (—0.78) (—0.77)
Dual 0.007 0.008 0.008 0.008
(0.27) (0.31) (0.31) (0.30)
Tax_real —0.676 *** —0.672 *** —0.673 *** —0.674 ***
(—3.47) (—3.45) (—3.46) (—3.45)
Q 0.015 *** 0.013 ** 0.013 ** 0.014 **
(2.64) (2.29) (2.30) (2.44)
Os 0.137 * 0.128 0.127 0.128
(1.75) (1.63) (1.62) (1.64)
Debttocash —0.000 —0.000 —0.000 —0.000
(—0.33) (—0.35) (—0.35) (—0.32)
Opera 0.082 ** 0.084 ** 0.083 ** 0.085 **
(2.06) (2.12) (2.12) (2.14)
Capital —0.291 *** —0.318 *** —0.319 *** —0.326 ***
(—2.61) (—2.84) (—2.86) (—2.92)
Size 0.426 *** 0.435 *** 0.435 *** 0.438 ***
(20.98) (21.79) (21.77) (21.92)
Constant —8.581 *** —8.806 *** —8.802 *** —8.913 ***
(—18.05) (—18.86) (—18.85) (—19.05)
Obs 17,238 17,238 17,238 17,238
R-squared 0.192 0.190 0.190 0.190
Indu FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
r2_a 0.191 0.190 0.190 0.190
F 62.61 *** 57.80 *** 53.36 *** 58.22 ***

Note(s): This table presents the method of altering the time period of the sample in the robustness test. Our dataset
includes 24,362 firm-year observations covering the years 2007 through 2022. Employing robustness regression
methods, asterisks denote statistical significance at the following levels: * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 9. Robustness test for moderating effects: change sample time.

(6)) @ ®G) @ ®) (6)
VAR GI GI GI GI GI GI
ER —22.364 —4.359 —4.752
(—3.99) (—0.59) (—0.65)
Wacr —0.040 **+ —0.067 ***
(—4.93) (—7.84)
ER*Wacr 6.881 ***
(3.38)
Inde_boart 0.394 * 0.409 ** 0.411 ** 0.374 * 0.424 ** 0.424 **
(1.91) (1.99) (2.00) (1.82) (2.06) (2.06)
Top3 —0.590 *** —0.685 *** —0.699 *** —0.587 *** —0.691 *** —0.693 ***
(—4.58) (—5.27) (—5.18) (—4.58) (—5.33) (—5.14)
Roa —0.070 —0.084 —0.085 —0.073 —0.085 —0.085
(—0.64) (—0.76) (—0.77) (—0.67) (—0.77) (—0.78)
Dual 0.007 0.007 0.007 0.008 0.008 0.008
(0.25) (0.27) (0.27) (0.29) (0.30) (0.30)
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Table 9. Cont.
@ ) 3) @ (5) )
VAR GI GI GI GI GI GI
Tax_real —0.648 *** —0.651 *** —0.652 *** —0.608 *** —0.659 *** —0.659 ***
(—3.32) (—3.35) (—3.35) (—3.14) (—3.39) (—3.39)
Q 0.016 *** 0.014 ** 0.013 ** 0.016 *** 0.013 ** 0.013 **
(2.71) (2.33) (2.32) (2.68) (2.26) (2.27)
Os 0.136 * 0.134 * 0.133 * 0.137 * 0.133 * 0.133*
(1.75) (1.71) (1.69) 1.77) (1.71) (1.70)
Debttocash —0.000 —0.000 —0.000 —0.000 —0.000 —0.000
(—0.29) (—0.33) (—0.34) (—0.36) (—0.36) (—0.37)
Opera 0.079 ** 0.082 ** 0.081 ** 0.085 ** 0.086 ** 0.086 **
(1.97) (2.06) (2.05) (2.19) (2.18) (2.18)
Capital —0.287 ** —0.312 *** —0.313 *** —0.257 ** —0.313 *** —0.313 ***
(—2.57) (—2.79) (—2.80) (—2.32) (—2.80) (—2.81)
Size 0.423 *** 0.428 *** 0.427 *** 0.413 *** 0.429 *** 0.429 ***
(20.68) (21.16) (21.11) (20.31) (21.18) (21.16)
Ltio 0.194 *** 0.209 *** 0.198 ** 0.195 *
(3.06) (2.59) (2.28) (1.95)
ER*Ltio —39.682 ** —39.222 **
(—2.43) (—2.41)
Stio 0.029 0.004
(0.37) (0.05)
Lnsub 0.016 *** —0.005 —0.005
(6.78) (—1.59) (—1.59)
Lnsub*Wacr —0.007 ***
(—10.54)
Lnsub*Ltio 0.021 *** 0.027 ***
(3.44) (3.45)
Constant —8.459 *** —8.629 *** —8.617 *** —8.525 *** —8.615 *** —8.614 ***
(—17.65) (—18.18) (—18.14) (—18.01) (—18.48) (—18.47)
Obs 17,238 17,238 17,238 17,237 17,237 17,237
Indu FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
r2_a 0.192 0.191 0.191 0.196 0.191 0.191
F 55.46 *** 52.91 *** 49.52 *** 56.82 *** 50.00 *** 46.67 ***

Note(s): This table demonstrates that the moderating effect remains robust to changes in the sample time period.
Our dataset includes 17,238 firm-year observations covering the years 2007 through 2022. Employing robustness
regression methods, significance levels are indicated by * p < 0.1, ** p < 0.05, and *** p < 0.01.

4.4.3. First-Order Lagged Explanatory Variable

Engaging in green innovation typically suggests that a company possesses strong
R&D capabilities, a forward-looking management team, and sound corporate governance
standards. Such inherent high-quality attributes tend to attract the attention and investment
of institutional investors. To mitigate potential reverse causality concerns, we lagged the
core explanatory variables by one period to reassess the robustness of our conclusions.
Table 10 presents the baseline regression results, while Table 11 shows the regression
results incorporating moderating effects. The results indicate that institutional investor
turnover continues to exert a significantly negative impact on green innovation, long-
term institutional ownership remains significantly positively correlated, and short-term
institutional ownership also shows a significant positive relationship. The significance
levels and signs of the interaction terms involving environmental regulation, environmental
subsidies, and institutional investor-related variables remain unchanged, providing further
validation of our research hypotheses.
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Table 10. Baseline regression robustness test: First-order lagged explanatory variable.

1) 2 (3) 4) (5) (6)
VAR GI GI GI GI GI GI
Wacr —0.108 *** —0.030 ***
(—19.69) (—6.35)
Ltio 0.507 *** 0.196 *** 0.128 ***
(8.74) (4.47) (2.93)
Stio —0.122
(—1.56)
D_ltio_stio 0.063 ***
(3.92)
Inde_boart 0.446 ** 0.477 ** 0.469 ** 0.474 **
@.11) (2.26) (2.23) (2.24)
Top3 —0.213* —0.356 *** —0.299 ** —0.222*
(—1.72) (—2.89) (—2.33) (—1.79)
Roa 0.225 ** 0.202 * 0.204 * 0.203 *
(2.15) (1.94) (1.95) (1.94)
Dual 0.044 * 0.044 * 0.044 * 0.044 *
1.72) (1.74) (1.73) 1.71)
Tax_real —0.544 *** —0.545 *** —0.541 *** —0.543 ***
(—2.86) (—2.87) (—2.85) (—2.84)
Q 0.042 *** 0.039 *** 0.039 *** 0.040 ***
(6.38) (5.96) (6.09) (6.18)
Os 0.142 * 0.134 0.137 0.133
(1.67) (1.57) (1.60) (1.56)
Debttocash —0.000 —0.000 —0.000 —0.000
(—0.46) (—0.48) (—0.44) (—0.42)
Opera 0.068 * 0.069 * 0.072 * 0.073 *
(1.73) (1.78) (1.85) (1.85)
Capital ~0.186 —0.211* —0.204 * —0.227 **
(—1.63) (—1.85) (—1.80) (—2.00)
Size 0.443 *+ 0.449 *** 0.451 *** 0.456 ***
(22.89) (23.70) (23.76) (23.89)
Constant 0.866 *** —9.141 **+* 0.561 *** —9.303 *** —9.344 ** —9.506 ***
(131.06) (—19.91) (28.03) (—20.75) (—20.80) (—21.02)
Obs 18,744 18,735 18,744 18,735 18,735 18,735
Indu FE NO YES NO YES YES YES
Year FE NO YES NO YES YES YES
r2_a 0.0352 0.185 0.012 0.184 0.184 0.184
F 387.7 #x 65.89 76.37 #* 61.74 57.26 61.96 *+*

Note(s): This table presents the method of applying a one-period lag to the explanatory variable in the ro-
bustness test. The sample consists of 18,735 firm-year observations from 2007 to 2022. Employing robustness
regression methods, *, ** and *** indicate that the regression coefficients are significant at the level of 10%,

5% and 1%, respectively.

Table 11. Robustness test for moderating effects: First-order lagged explanatory variable.

@ @ )} @
VAR GI GI GI GI
ER —10.341 ** 11.679 *

(—2.01) (1.90)
Wacr —0.046 *** 0.037 **+

(—6.10) (3.80)

ER*Wacr 5.770 **+*
(3.44)

Lnsub 0.012 *#* —0.006 *

(4.56) (—1.95)
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Table 11. Cont.
1) () (3) 4)
VAR GI GI GI GI
Lnsub*Wacr —0.005 ***
(—6.92)
Ltio 0.256 *** 0.291 **
(3.27) (2.52)
ER*Ltio —55.128 ***
(-3.91)
Lnsub*Ltio 0.028 ***
(4.02)
Stio —-0.127 —0.130 *
(—1.62) (—1.67)
Inde_boart 0.449 ** 0.446 ** 0.464 ** 0.472 **
(2.13) (2.12) (2.21) (2.25)
Top3 —0.205 * —0.214 * —0.312 ** —0.310 **
(—1.66) (—1.72) (—2.43) (—2.42)
Roa 0.222 ** 0.228 ** 0.202 * 0.214 **
(2.13) (2.18) (1.94) (2.04)
Dual 0.044 * 0.045 * 0.044 * 0.044 *
(1.74) (1.75) (1.73) (1.73)
Tax_real —0.519 *** —0.497 *** —0.525 *** —0.530 ***
(=2.72) (—2.62) (—=2.76) (—2.79)
Q 0.042 *** 0.042 *** 0.039 *** 0.039 ***
(6.42) (6.41) (6.02) (6.06)
Os 0.140 0.140* 0.141* 0.143 *
(1.65) (1.65) (1.65) (1.68)
Debttocash —0.000 —0.000 —0.000 —0.000
(—0.44) (—0.50) (—0.46) (—0.48)
Opera 0.066 * 0.072* 0.072 * 0.076 *
(1.67) (1.83) (1.84) (1.95)
Capital —-0.179 —0.162 —0.199 * —0.200 *
(—1.58) (—1.43) (—1.75) (—1.76)
Size 0.447 *** 0.431 *** 0.445 *** 0.444 ***
(22.38) (22.25) (22.93) (23.15)
Constant —9.071 *** —9.068 *** —9.239 *** —9.091 ***
(—19.37) (—19.86) (—20.05) (—20.45)
Obs 18,735 18,730 18,735 18,730
Indu FE YES YES YES YES
Year FE YES YES YES YES
r2_a 0.186 0.187 0.185 0.186
F 58.30 *** 57.96 *** 52.77 *** 50.32 ***

Note(s): This table assesses the robustness of the moderating effect by applying a one-period lag to the explanatory
variable, using a sample of 18,735 firm-year observations (2007-2022). Estimates are based on robust regressions,
with significance levels indicated by * p < 0.1, ** p < 0.05, and *** p < 0.01.

4.5. Endogenous Processing
4.5.1. Instrumental Variable Regression

There may be an endogeneity issue where corporate green innovation and the invest-
ment horizon of institutional investors influence each other. A firm’s green innovation
performance could be a factor in institutional investors” decision-making, organizations
exhibiting strong fiscal health show a marked tendency to prioritize sustainable develop-
ment projects in their strategic planning. To overcome the interference of endogeneity, this
study follows the research methods of [4,52] and uses the CSI 300 Index as an instrumental
variable for institutional turnover and long-term institutional ownership. The CSI 300 Index
functions as a primary gauge of aggregate performance in China’s A-share market. As key
market participants, both long-term and general institutional investors are likely to be influ-
enced by broader market trends, as reflected in their turnover rates. However, the CSI 300 Index
itself does not affect corporate green innovation activities; its changes reflect the overall market
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performance rather than the green innovation behavior of specific companies, thus meeting the
conditions for an instrumental variable. Table 12 columns (1) and (3), report the first-stage esti-
mation results of the CSI 300 Index, with the instrumental variable coefficients being 0.264
and —0.015, both significant at the 1% level, demonstrating the statistical significance of
their correlation with the CSI 300 Index. Table 12 columns (2) and (4) contain the estimation
results from the second-stage regressions, where we replaced the values of Wacr and Ltio
with the fitted values from the first stage. The results show that the instrumented Wacr_pre
coefficient is —0.520, and the Ltio_pre coefficient is 9.173, both significant at the 1% level,
align with the respective regression outputs in Table 3. Table 13 presents the instrumental
variable regression for the moderating effects. As the first-stage results match precisely
with columns (1) and (3) of Table 12, they are not reported again, only the second-stage
results are listed. Columns (1) and (2) of Table 11 show the main explanatory variable as
the institutional investor turnover rate (wacr), with coefficients significantly negative
(p < 1%). The coefficients of the interaction terms between the institutional investor
turnover rate and environmental regulation, and between the institutional investor turnover
rate and government environmental subsidies, remain unchanged and significant at
the 1% level. Columns (3) and (4) of Table 13 show the main explanatory variable as
the proportion of shares held by long-term institutional investors (Ltio), with coefficients of
2.46 (p < 1%) and 1.249 (p < 1%), respectively. The interaction term coefficient between Ltio
and environmental regulation (ER*Ltio_pre) is —1.513 (p < 1%). The interaction of Ltio and
government environmental subsidy (Lnsub*Ltio_pre) reports a coefficient of 0.069, which
is statistically significant at the 1% level. The instrumental variable regression results are
consistent with the previous text.

Table 12. Baseline regression endogeneity test: instrumental variable method.

1) () (3) 4)
VAR Wacr GI Ltio GI
Index 0.264 *** —0.015 **
(5.36) (—=2.07)
Wacr_pre —0.520 ***
(—3.32)
Ltio_pre 9.173 ***
(3.32)
Inde_boart —0.500 * 0.155 —0.005 0.457 **
(—1.68) (0.78) (—=0.12) (2.40)
Top3 0.189 —0.164 0.655 *** —6.266 ***
(1.38) (—1.45) (28.30) (—3.46)
Roa 0.582 *** 0.240 * —0.036 * 0.265 *
(3.57) (1.71) (-1.77) (1.82)
Dual —0.036 0.000 0.002 0.002
(—1.13) (0.01) (0.45) (0.07)
Tax_real —1.489 *** —1.641 *** —0.007 —0.800 ***
(—5.24) (—5.63) (—0.19) (—4.47)
Q 0.036 *** 0.055 *** 0.011 *** —0.061 **
(3.26) (6.89) (8.42) (—=2.02)
Os 0.551 *** 0.394 *** —0.013 0.223 **
(3.66) (3.33) (—0.69) (2.57)
Debttocash 0.000 —0.000 —0.000 0.000
(0.58) (—0.54) (—1.52) (1.41)
Opera —0.033 0.056 0.022 *** —0.127 *
(—0.60) (1.63) (2.95) (—1.81)
Capital 1.477 *** 0.472* —0.174 *** 1.299 ***

(8.29) (1.87) (—6.66) (2.65)
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Table 12. Cont.
1) () (3) 4)
VAR Wacr GI Ltio GI
Size —0.368 *** 0.283 *** 0.064 *** —0.113
(—23.02) (4.69) (23.92) (—0.63)
Constant 9.426 *** —4.919 *** —1.383 *** 2.868
(24.47) (—3.20) (—21.37) (0.74)
Obs 24,362 24,362 24,362 24,362
Indu FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
r2_a 0.0670 0.222 0.162 0.222
F 80.25 *** 93.38 *** 113.4 *** 93.38 ***

Note(s): The table shows the method using CIS 300 index as an instrumental variable in the endogeneity
test. Our dataset includes 24,362 firm-year observations covering the years 2007 through 2022. Employing
robustness regression methods, asterisks denote statistical significance at the following levels: * p < 0.1, ** p < 0.05,

% p < 0.01.

Table 13. Endogeneity Tests for Moderating Effects: instrumental variable method.

@ (2) 3 (€Y
VAR GI GI GI GI
ER —35.311* —0.196
(—1.69) (—0.01)
Wacr_pre —0.183 *** —0.304 **
(—2.95) (—2.44)
ER*Wacr_pre 0.510 **
(2.48)
Lnsub 0.043 *** —0.017 **
(5.60) (—2.20)
Lnsub*Wacr_pre —0.026 ***
(—4.90)
Ltio_pre 2.460 *** 1.249 **
(2.73) (2.37)
ER*Ltio_pre —1.513 ***
(—2.47)
Lnsub*Ltio_pre 0.069 ***
(3.54)
Inde_boart 0.157 0.175 0.244 0.237
(0.64) (0.72) (1.05) (1.03)
Top3 —0.591 *** —0.598 *** —2.209 —2.120
(—3.65) (—3.75) (—1.00) (—0.96)
Roa —0.078 —0.108 —0.081 —0.073
(—0.39) (—0.53) (—0.39) (—0.35)
Dual 0.015 0.016 0.016 0.015
(0.48) (0.49) (0.50) (0.47)
Tax_real —0.465 —0.251 —0.239 —0.224
(—1.31) (=0.71) (—1.11) (—1.04)
Q 0.010 0.005 —0.021 —0.021
(0.99) (0.55) (—0.57) (—0.59)
Os 0.186 0.159 0.141 0.142
(1.29) (1.10) (1.29) (1.30)
Debttocash —0.000 —0.000 —0.000 —0.000
(—0.50) (—0.50) (—0.02) (—0.01)
Opera 0.037 0.037 —0.012 —0.001
(0.78) (0.81) (—0.14) (—0.01)
Capital —0.048 —0.076 0.167 0.167
(—0.15) (—0.24) (0.28) (0.28)
Size 0.382 *** 0.391 *** 0.281 0.280
(5.15) (5.27) (1.30) (1.30)
Constant —7.273 *** —8.289 *** —5.366 —5.098
(—3.84) (—4.36) (—1.15) (—1.10)
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Table 13. Cont.
1) () (3) 4)

VAR GI GI GI GI

Obs 12,195 12,195 12,195 12,195
Indu FE YES YES YES YES
Year FE YES YES YES YES

r2_a 0.150 0.153 0.149 0.151

F 35.00 *** 36.49 *** 35.06 *** 35.49 ***

Note(s): The table presents the method of using the CIS 300 index as an instrumental variable in the endogeneity
test for moderating effects. Our dataset includes 12,195 firm-year observations covering the years 2007 through
2022. Employing robustness regression methods, significance levels are indicated by * p < 0.1, ** p < 0.05,
and *** p < 0.01.

45.2. PSM

To further address endogeneity, we employ a Propensity Score Matching (PSM) ap-
proach. Initially, a dummy variable is created to identify firms characterized by high
long-term ownership (Ltio above median) and low short-term ownership (Stio below me-
dian), assigning these cases a value of 1 and all others 0. The matching variables include
all control variables from columns (2) and (4) of the baseline regression. Subsequently, we
employ a probit model where this binary indicator serves as the dependent variable to
derive propensity scores for the matching procedure. As shown in Figure 4, the matching
procedure achieved balanced covariates between groups, with all control variables showing
statistical equivalence after matching. Finally, we rerun the baseline regression and the mod-
erating effect regression using the matched samples. As shown in Tables 14-16, the results
are in line with previous research, thereby reinforcing the robustness of our conclusions.

% Matched
| | ! T

|

|

0 20 40 60 80
Standardized % bias across covariates

Figure 4. Test for matching results. Source: Own processing (2025).
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Table 14. Baseline regression endogeneity test: PSM method.
1) 2) 3) 4)
VAR GI GI GI GI
Wacr —0.025 ***
(—=3.27)
Ltio 0.089 ** 0.074 **
(2.45) (2.38)
Stio —0.024
(—0.21)
D_ltio_stio 0.038 **
(2.21)
Inde_boart 0.632 ** 0.646 ** 0.644 ** 0.644 **
(2.10) (2.15) (2.14) (2.14)
Top3 —0.512 *** —0.587 *** —0.573 *** —0.525 ***
(—2.87) (—3.23) (—2.96) (—2.94)
Roa 0.048 0.041 0.041 0.040
(0.25) (0.21) (0.21) (0.21)
Dual 0.014 0.014 0.015 0.015
(0.36) (0.37) (0.38) (0.39)
Tax_real —1.326 *** —1.289 *** —1.288 *** —1.284 ***
(—4.94) (—4.81) (—4.81) (—4.79)
Q 0.048 *** 0.047 *** 0.047 *** 0.048 ***
(4.09) (3.97) (3.98) (4.03)
Os 0.149 0.133 0.134 0.136
(1.13) (1.01) (1.02) (1.03)
Debttocash —0.000 —0.000 —0.000 —0.000
(-1.22) (-1.17) (-1.17) (—1.18)
Opera 0.106 ** 0.102 * 0.102 * 0.103 *
(1.97) (1.90) (1.90) (1.92)
Capital —0.425 ** —0.449 *** —0.448 *** —0.458 ***
(—2.49) (—2.61) (—2.60) (—2.68)
Size 0.487 *** 0.492 *** 0.492 *** 0.495 ***
(20.12) (20.32) (20.38) (20.50)
Constant —10.075 *** —10.216 *** —10.222 *** —10.306 ***
(—=17.05) (—17.28) (=17.32) (=17.57)
Obs 8637 8637 8637 8637
Indu FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
r2_a 0.239 0.237 0.237 0.237
F 47.80 *** 46.51 *** 43.11 *** 46.85 ***

Note(s): The table presents the method of using the CIS 300 index as an instrumental variable in the endogeneity
test for moderating effects. Our dataset includes 8637 firm-year observations covering the years 2007 through
2022. Employing robustness regression methods, asterisks denote statistical significance at the following levels:
*p<0.1,*p<0.05***p<0.01.

Table 15. Endogeneity test of regulatory effects of environmental regulations: PSM method.

1) (2) 3)
VAR GI GI GI
ER —49 517 *** 17.642 17.862
(—5.23) (1.21) (1.22)
Wacr —0.055 ***
(—3.81)
ER*Wacr 13.117 ***
(3.26)
Ltio 0.345 *** 0.337 ***
(3.66) (2.91)
Stio —0.015

(—0.13)
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Table 15. Cont.

1) 2) 3)
VAR GI GI GI
ER*Ltio —118.854 *** —119.131 ***
(—4.28) (—4.27)
Inde_boart 0.625 ** 0.644 ** 0.643 **
(2.08) (2.14) (2.14)
Top3 —0.467 *** —0.586 *** —0.578 ***
(—2.60) (=3.21) (—2.99)
Roa 0.052 0.051 0.051
(0.27) (0.26) (0.26)
Dual 0.015 0.014 0.014
(0.39) (0.36) (0.37)
Tax_real —1.212 *** —1.161 *** —1.161 ***
(—4.56) (—4.38) (—4.38)
Q 0.047 *** 0.045 *** 0.045 ***
(3.95) (3.78) (3.79)
Os 0.146 0.130 0.130
(1.11) (0.99) (0.99)
Debttocash —0.000 —0.000 —0.000
(—1.23) (—1.15) (—1.15)
Opera 0.097 * 0.094 * 0.094 *
(1.79) (1.75) (1.75)
Capital —0.402 ** —0.405 ** —0.404 **
(—2.36) (—2.35) (—2.35)
Size 0.471 *** 0.467 *** 0.467 ***
(18.75) (18.77) (18.82)
Constant —9.639 *** —9.705 *** —9.710 ***
(—15.82) (—15.98) (—16.01)
Obs 8637 8637 8637
Indu FE YES YES YES
Year FE YES YES YES
r2_a 0.242 0.243 0.243
F 43.44 *** 42,95 *** 40.11 ***

Note(s): The table presents the method of PSM in the endogeneity test for moderating effects of environmental
regulations. Our dataset includes 8637 firm-year observations covering the years 2007 through 2022. Employing
robustness regression methods, asterisks denote statistical significance at the following levels: * p < 0.1, ** p < 0.05,
b

p <0.01.

Table 16. Endogeneity test of the regulatory effect of environmental subsidies: PSM method.

1) 2 3)
VAR GI GI GI
Lnsub 0.014 *** 0.007 ** 0.007 **
(3.54) (2.21) (2.22)
Wacr —0.071 ***
(-3.97)
Lnsub*Wacr —0.007 ***
(—5.54)
Ltio 0.235 ** 0.255 **
(2.42) (2.38)
Stio —0.032
(—0.27)
Lnsub*Ltio 0.022 ** 0.022 **
(1.98) (1.98)
Inde_boart 0.654 ** 0.654 ** 0.652 **
(2.18) (2.16) (2.16)
Top3 —0.494 *** —0.601 *** —0.583 ***
(—2.76) (—3.30) (—3.01)
Roa 0.045 0.047 0.048

(0.24) (0.25) (0.25)
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Table 16. Cont.

1) 2) 3)
VAR GI GI GI
Dual 0.017 0.016 0.016
(0.44) (0.42) (0.42)
Tax_real —1.293 *** —1.275 *** —1.274 ***
(—4.81) (—4.74) (—4.73)
Q 0.046 *** 0.047 *** 0.047 ***
(3.88) (3.94) (3.96)
Os 0.139 0.128 0.129
(1.06) (0.97) (0.98)
Debttocash —0.000 —0.000 —0.000
(—1.25) (—1.17) (-1.17)
Opera 0.111 ** 0.105 ** 0.106 **
(2.05) 1.97) (1.97)
Capital —0.420 ** —0.440 ** —0.438 **
(—2.47) (—2.55) (—2.54)
Size 0.480 *** 0.486 *** 0.487 ***
(19.19) (19.28) (19.34)
Constant —10.146 *** —9.978 *** —9.986 ***
(—16.81) (—16.65) (—16.69)
Obs 8633 8633 8633
Indu FE YES YES YES
Year FE YES YES YES
1r2_a 0.242 0.238 0.238
F 41.80 40.19 37.67

Note(s): The table presents the method of PSM in the endogeneity test for moderating effects of environmental
subsidies. Our dataset includes 8633 firm-year observations covering the years 2007 through 2022. Employing
robustness regression methods, significance levels are indicated by ** p < 0.05, and *** p < 0.01.

4.6. Heterogeneity Analysis

Given the significant differences between state-owned enterprises (SOEs) and non-
state-owned enterprises (non-SOEs) in terms of resource acquisition capabilities and policy
response motivations, this study empirically examines the heterogeneous impact of investor
horizons on green innovation from the perspective of ownership nature. A t-test for cross-
group coefficient differences was employed to assess whether the influence of ownership
nature demonstrates statistically significant differences. Table 17 presents the results of the
heterogeneity test based on firm ownership. Columns (1) and (2) show the regression results
between institutional investor turnover and corporate green innovation. The results indicate
that the regression coefficients for institutional investor turnover are significantly negative
at the 1% level in both SOE and non-SOE samples, suggesting that high institutional
investor turnover inhibits green innovation regardless of ownership nature. The p-value
for the inter-group difference test is significant at the 1% level. Columns (3) and (4)
present the regression results between long-term institutional investors and corporate
green innovation. Long-term institutional investors show a significantly positive effect in
non-SOEs, indicating that they promote green innovation more effectively in non-SOEs
compared to SOEs. The underlying reason is that long-term institutional investors, as
professional and patient market participants, can fully utilize their expertise and resource
advantages in green innovation within the less administratively interfered and more market-
oriented environment of non-SOEs, thereby forming a more effective innovation-driven
cycle. The green innovation they advocate aligns perfectly with non-SOEs’ inherent needs
for pursuing long-term profits and core competitiveness, resulting in more pronounced
promotional effects. In contrast, the role of institutional investors in SOEs may be diluted
by their complex institutional background and multiple objectives, consequently yielding
relatively weaker promotional effects. The original hypotheses remain validated.
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Table 17. Results of Heterogeneity Analysis: Based on Nature of Firm Ownership.
(4] () 3) @
SOE=1 SOE=0 SOE=1 SOE=0
VAR GI GI GI GI
Wacr —0.026 *** —0.039 ***
(=3.70) (—6.27)
Ltio 0.103 0.225 **
(1.30) (2.35)
Stio 0.044 0.044 —0.032 0.006
(0.66) (0.45) (—0.36) (0.06)
Inde_boart 0.735 ** 0.027 0.724 *** 0.053
(2.40) (0.12) (2.65) (0.26)
Top3 —0.559 *** —0.285 ** —0.767 *** —0.603 ***
(—2.92) (—2.13) (—3.90) (—4.57)
Roa 0.196 —0.248 ** 0.022 —0.008
(1.20) (—2.03) (0.84) (—1.31)
Dual —0.016 0.042 —0.022 0.045
(—0.40) (1.50) (—0.52) (1.50)
Tax_real —1.576 *** —-0.391 —0.042 0.025 ***
(—5.75) (—1.62) (—1.20) (5.50)
Q 0.024 ** 0.045 *** 0.030 *** 0.002 ***
(2.36) (6.02) (3.93) (6.67)
Os 0.164 0.135 0.068 0.009
(1.32) (1.37) (0.66) (0.13)
Debttocash —0.000 * 0.000 —0.000 0.000 ***
(—=1.93) (0.62) (—0.76) (4.79)
Opera 0.172 ** 0.015 0.001 0.000 ***
(2.36) (0.41) (1.19) (5.06)
Capita —0.814 *** 0.181 —0.004 0.022 ***
(—5.18) (1.31) (—0.96) (7.74)
Size 0.513 *** 0.418 *** 0.530 *** 0.393 ***
(22.79) (18.25) (22.56) (17.59)
Constant —10.654 *** —8.399 *** —11.120 *** —7.759 ***
(—20.10) (—15.69) (—20.24) (—15.18)
Obs 10,004 14,358 10,004 14,358
Indu FE YES YES YES YES
Year FE YES YES YES YES
p-value for
group 0.000 ***
comparison
r2_a 0.259 0.202 0.252 0.196
F 52.35 *** 47.82 *** 47.77 *** 87.88 ***

Note(s): This table presents the results of heterogeneity analysis based on the nature of firm ownership. Signifi-
cance levels are denoted by ** p < 0.05, *** p < 0.01 and * p < 0.1.

5. Discussion

This study, through empirical research, reveals how institutional investors” investment
horizons affect corporate green innovation and delves into its underlying mechanisms.
These findings provide novel theoretical perspectives and reliable empirical evidence on the
drivers of corporate green innovation, while also offering valuable policy insights for lever-
aging capital markets to facilitate corporate sustainable transformation. The conclusions of
this study provide specific references for policymakers to guide and incentivize long-term
institutional investors in improving corporate governance mechanisms, promoting cor-
porate green transformation, and supporting the achievement of the “dual carbon” goals.
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This section summarizes our research, compares it with previous studies, and evaluates the
potential academic contributions and theoretical significance of our work.

First, as environmental issues become increasingly severe, green innovation has gar-
nered significant attention in the fields of environmental economics and innovation research.
Based on cost-benefit theory and resource-based theory, green innovation can reduce costs,
enhance efficiency, form core corporate competitiveness, and thereby promote sustainable
corporate development [45]. As key participants in the financial ecosystem, institutional
investors play a central role in promoting corporate green investment and innovation [7,8].
Existing research has confirmed that institutional investors are important drivers of corpo-
rate green innovation, with related findings covering multiple dimensions such as share-
holding ratios [9], portfolio characteristics [10], institutional investor alliances [11,12], green
institutional investors [13], geographical distribution of institutional investors [14], and
foreign institutional investors [15]. Unfortunately, existing studies have not systematically
examined how institutional investors’ investment horizons affect green innovation. In fact,
investment horizon is a core element of institutional investors’ governance role. Therefore,
investigating the role of institutional investors’ investment horizons in green innovation
holds particular significance. This study integrates theories from environmental economics
and corporate finance, provides evidence on the impact of long-term institutional investors
on green innovation, expands the literature on institutional investor horizons, enriches
research on corporate green innovation, and fills this gap.

Second, environmental regulation directly constrains corporate production and opera-
tional behaviors through laws, policies, and other means, compelling enterprises to fulfill
environmental responsibilities [26]. In regions with high environmental regulation intensity,
companies face stringent environmental compliance pressures. Even in the absence of
institutional investor supervision, they must allocate resources to green innovation to avoid
non-compliance costs. In such contexts, the governance role of long-term institutional in-
vestors is “substituted” by government regulation, and their promotional effect is naturally
weakened. In regions with weaker environmental regulation, market-based constraints
are insufficient; therefore, the supervisory intervention of long-term institutional investors
becomes a critical force to bridge the external governance gap, with their promotional effect
on green innovation becoming more prominent. This finding addresses the debate in exist-
ing literature regarding the relationship between environmental regulation and corporate
innovation. While some earlier studies argued that environmental regulation increases
corporate costs and suppresses innovation [19], this study further reveals that the impact
of environmental regulation must be considered in conjunction with the characteristics of
external governance entities, such as institutional investors. The substitution relationship
between the two provides a new perspective for understanding the implementation effects
of environmental policies.

Third, resource-based theory indicates that corporate decision-making depends on
their resource endowments. The high externality and substantial funding requirements of
green innovation lead to severe financing constraints for enterprises [21]. Environmental
subsidies provide direct resources to companies through cash support, tax incentives,
and other forms, alleviating the financial pressure of green innovation. Meanwhile, the
supervisory intervention of long-term institutional investors ensures that subsidy funds
are not misappropriated but are directed toward green innovation activities. The two form
a synergistic mechanism of “resource supply + governance assurance,” jointly driving the
improvement of corporate green innovation levels. Existing research often examines the
direct impact of environmental subsidies on green innovation [22] or the independent role
of institutional investors in green innovation [11] in isolation. This study identifies the
mutually reinforcing relationship between the two, indicating that the effective allocation of
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policy resources requires the coordination of external governance mechanisms, providing
important insights for optimizing the effectiveness of environmental subsidy policies.

In summary, this study is the first to introduce institutional investors’ investment hori-
zons into the research framework of corporate green innovation, expanding the boundaries
of research on institutional investor perspectives. At the same time, by distinguishing the
different moderating effects of environmental regulation and environmental subsidies, it
reveals the interactive logic between government policies and market governance, enrich-
ing the literature on policy intervention mechanisms for green innovation. These results
provide dual insights for promoting corporate green transformation: On the one hand,
capital market regulators should guide institutional investors toward long-term share-
holding, strengthen the governance role of long-term institutional investors by improving
dividend mechanisms, restricting short-term trading, and other policies. On the other
hand, the government should optimize the mix of environmental policies, appropriately
reducing subsidy intensity in high-regulation regions while enhancing the synergy between
subsidies and the guidance of institutional investors in low-regulation regions to improve
policy implementation efficiency.

6. Conclusions, Policy Implications and Limitations
6.1. Conclusions

Green innovation is a fundamental mechanism for firms to achieve green transforma-
tion, thereby contributing significantly to reconciling economic growth with environmental
protection and alleviating ecological pressures. As key agents in capital markets, institu-
tional investors contribute to corporate governance and play a critical role in advancing
firms’ green transformation. Using a sample of Shanghai and Shenzhen A-share enterprises
during the 2007-2022 period, this paper explores the connections between institutional in-
vestment horizons and corporate green innovation, together with the roles of governmental
environmental oversight and fiscal incentives. Pioneering in its approach, this research
integrates the investment horizon of institutional investors into the study of corporate
green innovation drivers, analyzing the role of government environmental policy through
the theoretical lenses of the Resource-Based View, Stakeholder Theory, and Corporate
Governance Theory. This study enriches the literature on the determinants of green innova-
tion and offers novel insights into the role of institutional investors in fostering corporate
green innovation, with both scholarly and practical implications. The main findings are
as follows:

First, the investment horizon of institutional investors constitutes a significant force
in corporate governance, positively influencing corporate green innovation. Long-term
institutional investors, in particular, leverage their influence through active monitoring,
shareholder proposals, and direct engagement with management to foster such innova-
tion. Secondly, a substitution effect operates between local environmental regulatory
policies and long-term institutional investors in their roles for fostering green innova-
tion. In areas with higher environmental regulation intensity, the promoting effect of
long-term institutional investors on corporate green innovation is weaker, regions char-
acterized by stricter environmental oversight exhibit more pronounced enhancement ef-
fects. Thirdly, environmental subsidy policies and the governance functions performed by
long-term institutional investors in green innovation show a mutually enhancing effect;
environmental subsidies increase the resources available to enterprises, which may be di-
rected towards green innovation under the proactive intervention mechanism of long-term
institutional investors.
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6.2. Policy Implications

Drawing on the empirical results presented above, the following policy recommenda-
tions are advanced: Firstly, long-term institutional investors can alleviate the environmental
agency problems between enterprises and society. Long-term institutional investors pro-
mote corporate green innovation and achieve environmental goals through proactive
intervention mechanisms such as supervision, shareholder proposals, and discussions
with management. The capital market, as an important platform for optimizing resource
allocation, should play an important role in the sustainable development process of en-
terprises. The persistent growth in institutional investors” scale necessitates orientation
toward extended investment horizons, creating essential conditions for advancing capi-
tal market governance and institutional supervisory capacity. Therefore, capital market
regulatory authorities should establish corresponding mechanisms to restrict short-term
investments by institutional investors, while guiding and encouraging listed companies
to increase dividend payout ratios to promote long-term shareholding by institutional
investors. Secondly, government environmental regulation and external governance mech-
anisms such as government environmental subsidies to enterprises will also affect the
role of long-term institutional investors. We recommend that regulatory authorities and
industry associations promote the issuance of a voluntary, China-specific Stewardship Code
for institutional investors. This code should explicitly encourage institutional investors
to actively exercise voting rights, engage in communication with listed companies, and
disclose in their stewardship reports how they engage with and shape the environmen-
tal, social, and governance practices within their portfolio companies, including green
innovation strategies. The regulatory authorities should refine voting and communication
mechanisms to better facilitate institutional investors’” engagement in corporate governance,
and encourage listed companies to engage in regular, in-depth communication with their
major institutional investors regarding long-term strategy. Specifically, environmental
regulation and long-term institutional investors can substitute for each other in fostering
green innovation, governmental ecological subsidies and long-term institutional investors’
sustainability efforts operate in a mutually reinforcing manner. As the core governance
entity in the green innovation system, the government’s fundamental role is to balance
market governance and administrative intervention through dual drivers of “rigid regula-
tion + targeted empowerment,” rather than relying on single policy supply. Building on
previous analysis, environmental regulation and long-term institutional investors exhibit
a substitution relationship in promoting green innovation. Therefore, the government
should act as a regulator, establishing market-based constraints through rigid regulation,
leveraging the “substitution effect” of government oversight to compensate for insufficient
supervision by institutional investors and compelling companies to fulfill their environ-
mental responsibilities. Meanwhile, government ecological subsidies and the sustainability
efforts of long-term institutional investors create a complementary effect. Under this
complementary mechanism, the government should function as an enabler, activating
synergistic effects through targeted subsidies. Specifically, the government should establish
an environmental investment-financial pressure linkage screening mechanism, focusing on
high-investment, long-cycle key areas of green innovation to implement targeted subsidies.
This allows government funds and the governance resources of institutional investors to
form a “complementary synergy,” breaking resource constraints for enterprises. Addition-
ally, implementing targeted subsidies can enhance the promotional effect of environmental
subsidies and improve regulatory policies for long-term funds such as pensions. At the
same time, establish mechanisms to identify enterprises that are financially vulnerable due
to the fulfillment of environmental and other social responsibilities, and provide targeted
subsidies, which may enhance the promoting effect of environmental subsidies. Improve
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the regulatory policies for pensions. We suggest that regulatory authorities, when evalu-
ating the performance of long-term funds such as the National Social Security Fund and
enterprise annuities, gradually shift away from short-term return metrics and introduce
longer assessment cycles. This can serve as a fundamental incentive for fund managers to
adopt a long-term investment philosophy, one that is oriented towards the long-term value
creation of firms, thereby transforming them into the “long-term institutional investors”
described in our study. Encourage the development of private equity funds and industrial
funds targeting long-term value investment, and provide appropriate policy facilitation for

their investments in companies within the green technology innovation sector.

6.3. Limitations

Unfortunately, this study also bears certain limitations. Firstly, due to the limitations
of data and materials, we cannot accurately measure the turnover rate of institutional
investors, as the data on institutional investors” shareholding is updated only once every
quarter, resulting in a certain measurement error in the data on the turnover rate of institu-
tional investors. This study employs shareholding duration as the primary criterion for
identifying long-term investment behavior. There is inevitably some subjectivity in the
judgment of long-term institutional investors. We identify the investors with the longest
investment horizon in the market as long-term investors. There are some institutional
investors who invest for short-term purposes but are forced to hold for the long term.
Future research can examine the role played by some long-term institutional investors,
such as pension funds, on corporate governance.

In addition, the governance role that long-term institutional investors play in mon-
itoring a company must arise through some channel, such as the possible channels of
electing independent directors, supervisors, and participation in company board meet-
ings. Subsequent investigations could examine the specific mechanisms employed by
long-term institutional investors when engaging with corporate governance systems. Such
inquiry would substantially advance comprehension of how institutional ownership shapes
governance outcomes.

Finally, current research singularly examines how a specific factor affects firms’ green
innovation. It is recommended that future research construct a theoretical framework for
influencing firms’ green innovation that incorporates all factors that affect firms’ green
innovation to facilitate a comparative weighing of which factors are more important, and
which are more critical for the development of policies to promote firms’ green innovation.
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