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Abstract: Green innovation plays an increasingly significant role in sustainable development. We
use the data of Chinese listed firms from 2010 to 2019 to investigate the impact of investor sentiment
on corporate green innovation. The result indicates that optimistic investor sentiment significantly
promotes corporate green innovation. Mechanism analysis shows that the higher the financial con-
straints, institutional ownership ratio, and analyst coverage of a firm, the stronger the impact of
investor sentiment on green innovation, indicating that optimistic investor sentiment promotes green
innovation through external financing and managerial catering channels. In addition, the impact of in-
vestor sentiment on corporate green innovation is more pronounced for state-owned firms. The study
sheds light on a novel determinant of corporate green innovation and offers policy recommendations

to advance green innovation, environmental protection, and sustainable development.

Keywords: investor sentiment; green innovation; financial constraints; managerial catering; state

ownership

1. Introduction

With global warming and the increasingly severe destruction of the ecological envi-
ronment, governments, firms, and social groups have begun to respond to environmental
protection initiatives. The majority of countries are making an effort to combat global
climate change. “Green” stands for the idea of sustainable development, which promotes
the preservation of natural resources and the protection of the environment; “innovation”
is the only way to get past obstacles to development and improve sustainability; and
“green innovation” is the marriage of “green” and “innovation”. In contrast to general
innovation, green innovation incorporates pollution mitigation and resource conservation,
supporting long-term economic growth and ecological preservation. It has emerged as a
key tactic for businesses looking to cut pollution and conserve resources [1-3]. Companies
that innovate in the green space are generally regarded as progressive and highly praised
by the government, investors, and the media [4-6]. China, the nation that emits the most
carbon dioxide and has the second-biggest economy in the world, has placed a greater
emphasis on ecological conservation in recent years. The Chinese government made public
a plan in September 2020 that aims to achieve “carbon peaking” and “carbon neutrality,”
highlighting the necessity of making large cuts to greenhouse gas emissions, particularly
carbon dioxide. Carbon capture and sequestration, energy efficiency improvements, re-
newable energy technology, and the expansion of carbon sinks are all included in the
category of green innovation. These cutting-edge technology developments are crucial for
reducing carbon emissions and serve as key foundations that enable the realization of car-
bon neutrality goals. Studying the elements that promote green innovation and the green
innovation of Chinese companies is therefore important. In the modern academic world,
green innovation has also grown to be a prominent and much discussed topic. According
to the Chinese Green Patent Statistics Report, colleges remain the primary source of green
innovation in China, with corporations trailing behind, even though the country has made
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significant progress in this area. This suggests that academics and industry in China are not
collaborating enough to innovate in a synergistic way, which could impede the adoption of
environmentally friendly inventions in the real world. According to the Triple Helix model,
in order to promote scientific discoveries, knowledge production, and commercialization,
government, business, and academia should interact dynamically within the innovation
ecosystem [7]. Therefore, researching ways to increase businesses’ involvement in green
innovation is extremely important from a practical standpoint.

The stock market, known as the “barometer” of economic operation, is one of the
major financial markets and a vital financing platform for firms, playing a significant role
in economic development. Investor sentiment, reflecting market participants’ investment
inclinations and expectations, is a systematic bias concerning the anticipated direction of
stock markets or individual firms [8], reflecting market participants’ investment willingness
or expectations. According to behavioral finance theory, because market participants are
bounded rational, the investment decisions of stock market investors are often affected
by sentiment, resulting in stock mispricing, which affects firms’ financing and investment
decisions [9,10]. Although technological innovation investment and physical investment
have different attributes, investor sentiment nonetheless substantially impacts corporate
innovation [11,12]; These documents found that optimistic investor sentiment promotes
firms to increase research and development (R&D) investments and improve innovation
level. However, will the positive effect of investor sentiment still exist if we narrow the
scope of innovation to green innovation? There is no answer in the extant literature. In
fact, the positive externalities associated with green innovation set it apart from general
innovation [1,13]. Positive externalities in the context of green innovation are the benefits
that flow from a company’s eco-innovative actions outside of its immediate organizational
boundaries. These benefits benefit society and the larger ecological system, all without
requiring the beneficiaries to bear any costs in return. Green innovation generally refers to
the development and use of innovative technologies, protocols, and product designs that
are intended to lower emissions of pollutants, preserve resources, and improve energy effi-
ciency. The consequent improvement in environmental circumstances results in numerous
and diverse welfare advantages for society as a whole, which helps to maintain natural
resources and raise living standards overall. General innovation reflects the imprinting of
maximizing firm profit both in business philosophy and business practice, and it is easy
to ignore the value of corporate environmental responsibility in the process of innovation;
therefore, general innovation may lead to the imbalance between economic development,
technological innovation, and ecological protection, and ultimately aggravate the contradic-
tion between the infinity of technological expansion and the finiteness of resources, making
the entire ecological environment gradually worsen and blocked economic development.
High investor sentiment lowers stock issuance costs, encourages equity issuance, and
increases enterprises’ investment in innovation [14]. According to the managerial catering
hypothesis [10], managers will cater to optimistic investor sentiment to invest in high-return
but high-risk projects; thus, firms will carry out innovation investments when investor
sentiment is high. However, we should also consider the following two possibilities: first,
although optimistic investor sentiment provides firms with cheap financial capital, firms
may not invest this financial capital in green innovation but invest this financial capital in
general innovation projects; second, because green innovation has positive externalities,
investors may prefer general innovation projects over green innovation projects, lead-
ing to managerial catering effect does not work. Therefore, whether investor sentiment
significantly impacts corporate green innovation remains to be empirically examined.

We examine the influence of investor sentiment on corporate green innovation. Uti-
lizing data from Chinese A-share listed firms, we conducted an empirical analysis and
discovered that, after accounting for other variables affecting corporate green innovation,
investor sentiment positively correlates with green innovation in the subsequent year,
indicating that high investor sentiment promotes corporate green innovation. To affirm
the robustness of our primary conclusion, we implemented several additional tests, in-
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cluding the use of an instrumental variable, a propensity score matching (PSM) approach,
alternative measures for green innovation and investor sentiment, and differentiation
among patent types. Furthermore, we show that the impact of investor sentiment on green
innovation intensifies with greater financial constraints, higher institutional ownership
ratios, and increased analyst coverage; these factors hint at the alleviation of corporate
financial constraints and managerial catering as potential mechanisms. We also explored
the moderating role of state ownership, revealing that investor sentiment exerts a more
substantial influence on green innovation in state-owned enterprises (SOEs) compared to
non-state-owned enterprises (non-SOEs).

This paper has made at least three contributions. To begin with, this article examines
how investor sentiment affects green innovation. We apply the bounded rationality theory
to the idea of corporate green innovation, adding to the body of literature on the variables
affecting green innovation. Secondly, the literature on behavioural finance is enhanced by
this study. The effect of investor sentiment on business investment, corporate innovation,
and corporate social responsibility has been studied in the past [9,10,15,16]. It did not,
however, look at how investor opinion affected corporate green innovation. In this period
of green development emphasis, we must comprehend the part that stock market investors’
irrationality and faith play in green innovation. One of the important micro-foundations
of economic green growth is corporate green innovation. This paper expands our un-
derstanding of this aspect. Third, from the perspective of the stock market governance
mechanism, this paper explores the boundary conditions that investor sentiment impacts
corporate green innovation, providing new light on the role of the stock market governance
mechanism and state ownership in micro-level economic activities and providing more
practical implications.

Although there has been prior study on green innovation in Chinese firms, it frequently
ignores the possible influence of investor sentiment, which is a key factor influencing corpo-
rate investment decisions. The Chinese government has recently worked hard to improve
the percentage of direct financing, especially through equity financing. Despite these initia-
tives, investor sentiment in the Chinese stock market has consistently shown a pessimistic
trend over the past several years, leading to repeated calls from regulatory bodies for a
revitalization of investor optimism and the equity market. We aim to explore whether
there is a causal relationship between investor sentiment and corporate green innovation in
China, where promoting green development and stimulating investor confidence are policy
priorities. A notable observation is the predominance of retail investors in the Chinese
stock market who, in contrast to institutional investors, may demonstrate greater emotional
volatility and be less proactive in encouraging firms to align with societal expectations
and environmental regulations [17]. Against the backdrop of rapid industrialization in
China, which has led to significant environmental pollution, there is an urgent need for
green transformations. Therefore, using rigorous empirical research, this study aims to
empirically evaluate the effects of investor sentiment on corporate green innovation.

2. Literature Review and Hypothesis Development
2.1. Literature Review

According to behavioral finance theory, asset prices don’t always fairly represent an
asset’s true value. Asset prices will fluctuate from their intrinsic values due to investor
opinion, which will impact the firm’s financing and investment choices. The market timing
hypothesis [8] states that when a company’s share price is undervalued or overvalued,
management would repurchase (issue) additional shares, which will have an impact on the
firm’s investment choice. Baker et al. (2003) supposed the equity issuance channel hypoth-
esis and held that positive investor sentiment encouraged firm investment by lowering
equity cost [14]. Polk and Sapienza (2009) found that optimistic investor sentiment still
influence the investments of companies that don’t need issue shares; they supposed the
managerial catering channel hypothesis [10]. The catering channel theory states that man-
agers would raise their investments in high-risk but high-return initiatives in order to feed
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positive market mood, sustain short-term stock values, and boost managers” income [10].
For instance, innovation investment has a higher risk than physical investment; however, if
the invention proves effective, the firm’s competitiveness may be quickly enhanced. As a
result, corporations want to raise their innovation investment to boost investors’ confidence
in the firm’s long-term value [18]. Someone investigated the relationship between market-
level investor sentiment and corporate innovation; they found that high investor sentiment
prompted firms to increase equity issuance and to use the financial capital obtained for
innovation; they also found that high investor sentiment significantly improved innovation
efficiency, enabling firms to produce a better patent portfolio [11]. Shen et al. (2021) also
found that corporate innovation is related to equity issuance and managerial catering
effect [12].

Existing literature indicates that green manufacturing and innovation carry substan-
tial economic benefits. Green innovation can forge a firm’s competitive edge, boosting
its profitability and financial performance [19-24]. The extant research on the drivers of
corporate green innovation predominantly revolves around four dimensions. The first
category explores the influence of external pressures, such as environmental regulations,
positing that stringent environmental laws and policies geared towards sustainability
positively impact corporate green innovation [25-29]. This line of inquiry, grounded in neo-
institutionalism and institutional economics, underscores the role of regulatory intensity.
The second category is mainly based on the perspective of stakeholders; it believes that as
a production unit with social attributes, the daily production and operation behavior of
firms will have a significant impact on stakeholders; for instance, factors such as public
oversight [30], pressures from suppliers, consumers, and competitors [31,32], collaborative
green knowledge sharing in supply chains [33], and the environmental transparency of
purchasing companies [34] are found to be pivotal in driving corporate green innovation.
The third category focuses on the resource-based view, acknowledging the high costs and
substantial resource requirements, including financial capital, for green innovation. Schol-
arly work in this area has examined how green financial policies bolster corporate green
innovation by provisioning funds [35-37] and highlighted the critical role of knowledge
resources [38,39]. The fourth category mainly studies the impact of organizational factors
on corporate green innovation, such as state ownership [40], managers’ attributes [41-43],
corporate strategy [44], corporate culture [45,46], and corporate governance [47,48].

Prior research has solely examined how investor sentiment affects a firm'’s innovation;
it has not examined how investor sentiment influences corporate green innovation. Many
studies have shown the relationship between financial factors and green innovation. Yu et al.
(2021) found that financial constraints impaired the capacity for green innovation, thereby
reducing the output of green patents [49]. Xiang et al. (2022) investigated firms’ preference
for the sources of financial capital while engaging in green innovation and found that
debt, equity, and subsidies all significantly impacted corporate green innovation, but the
influence increased in turn [50]. Several researchers discovered that by easing financial
constraints, digital finance encouraged firm green innovation [51,52]. Hu et al. (2021) found
that green credit significantly improve green innovation in heavily polluting firms [35].
Han et al. (2022) found that green finance policy has significantly promoted corporate green
innovation and that mitigating the debt financing constraints of firms is a transmission
channel [36]. There is also some literature about how the stock market affects green
innovation [53,54]. Surprisingly, although investor sentiment is a significant factor affecting
stock market performance and corporate behavior, the extant literature does not include
investor sentiment in the research framework of corporate green innovation.

2.2. Investor Sentiment and Corporate Green Innovation

The strategic decision-making process regarding a firm’s green innovation activities is
influenced by both internal motivations (innovation resources) and external environmental
pressures (political forces) [55]. Based on the extant literature, we posit that investor
sentiment impacts a firm’s green innovation efforts through both these internal and external
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forces. More specifically, positive investor sentiment may reduce a company’s financing
cost, which can boost its resources for green innovation and fortify its ability to innovate in
this area. In an effort to appease investors, it may also inspire company management to
explore green innovation.

Large investment and a protracted invention cycle are characteristics of green inno-
vation [50,56]. Green innovation is devoted to reducing environmental pollution and has
positive externalities, which increases additional innovation costs, making green inno-
vation more costly and facing higher financial constraints than general innovation [51].
Constrained by the cost-effectiveness principle, firms carrying out quality management
may focus more on formalized and standardized concepts and reduce green innovation
to avoid risks and reduce costs [57]. Therefore, financial constraints are one of the sig-
nificant constraints on corporate green innovation [49]. Some measures that can increase
external financing and mitigate corporate financial constraints are conducive to promoting
corporate green innovation [36,51,52]. In addition, the source of external financial capital
will affect firm green innovation. The firm must repay the interest regularly and repay
the principal on the maturity date of the debt while the financial capital is debt. However,
innovation activity is a high-risk, long-cycle investment. Firms that use debt capital for
innovation will increase the risk of debt default; moreover, compared with investors with a
preference high-risk, creditors with a risk aversion tendency are more reluctant to see firms’
high-risk innovation. Compared with loans or bonds, issuing equity may offer long-term,
secure financial resources for innovation and promote corporate green innovation [50].
When a firm’s market value is higher than its fundamental value, it is more probable for
them to issue shares [58]. As optimistic investor sentiment can provide firms with cheap
equity capital, rational managers will issue equity and increase capital expenditure [10,14],
including innovation activities [11,12], when its stock is overpriced (i.e., when investor
sentiment is optimistic). Therefore, positive investor sentiment will lower equity cost and
thus improve firms’ green innovation ability.

The impact of investor sentiment on corporate investment and innovation also orig-
inated from the managerial catering effect [12]. Optimistic sentiment among investors
indicates that they have faith in the company’s potential for future success. Managers
will engage in some high-risk investment initiatives that investors favor to satisfy their
positive expectations for the company and send out good signals that will preserve and
even raise the firm’s market value. However, is the catering channel hypothesis applicable
to green innovation? It can be clear that green innovation has a high risk profile, which
is a factor that optimistic investors are interested in. However, only when the investment
project simultaneously has the characteristics of high return simultaneously the optimistic
investors favor this investment project. Since the high innovation costs and positive exter-
nalities of green innovation will likely weaken the returns brought by innovation activities
to firms, investors may expect firms to make something other than green innovations.
Therefore, to determine whether investor sentiment influences corporate green innovation
through a catering channel, the key point to determine is whether green innovation has
excellent returns. From the extant literature, more evidence supports the positive side of
green innovation on firm performance. Adhering to the concept of green development in
the product design process can increase the differentiation advantages of products [59,60].
Green innovation can not only help firms establish a positive image and win a good rep-
utation [59], but also help improve their market competitiveness, business performance,
organizational performance, and financial performance [23,61-64]. Moreover, the govern-
ment’s policy orientation is a significant factor affecting investor sentiment; investors prefer
industries and investment projects that the government encourages and supports and leads
firm capital into relevant fields [15]. In the past two decades, governments worldwide
have continuously emphasized green and sustainable development. Therefore, under
the encouragement of government policies, firms carrying out green innovation may be
favored by investors.

To sum up, we propose the following hypothesis:
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H1. Optimistic investor sentiment improves corporate green innovation.

2.3. Potential Mechanism
2.3.1. External Financing Channel

Firms involved in green innovation rely on sustained large-scale capital investments,
and those facing financial constraints may curtail their investment in such activities [49].
A theoretical model that describes how market-level investor sentiment might impact
company innovation through financing channels was created by Dang and Xu (2018) [11].
According to their concept, a positive sentiment among investors may lower a company’s
cost of equity, ease financial pressures, and give more capital for innovation. Their empirical
data supports this claim by showing that, in periods of strong market sentiment, financially
strapped companies are more inclined to issue shares and then devote more resources
to R&D. Therefore, if optimistic investor sentiment encourages green innovation in firms
through outside financing, its beneficial impact on a company’s green innovation initiatives
will be more noticeable in organisations with more stringent budgetary constraints. This
justification is easy to understand: Firms who don’t do not have financial restrictions are
already able to invest regularly in green innovation initiatives since they have enough
cash and don’t need an improvement in investor sentiment to secure the funding they
need. Conversely, financially strapped companies can find it difficult to raise the money
required for green innovation; in these situations, an improvement in investor mood effec-
tively reduces the company’s financing costs and offers more reasonably priced financing
possibilities. Therefore, compared to enterprises with less financial constraints, the green
innovation initiatives of financially restricted organisations are more susceptible to shifts in
investor attitude. To test the financing mechanism, we propose the following hypothesis:

H2. Financial constraints have a positive moderating effect on the relationship between investor
sentiment and corporate green innovation.

2.3.2. Managerial Catering Channel

Institutional investors and securities analysts play significant roles in the external
governance mechanism of public companies. Institutional ownership and analyst coverage
may moderate the effect of investor sentiment on firm green innovation if investor sentiment
affects corporate green innovation through a managerial catering channel.

With the increasing popularity of the international community’s requirements for
corporate social responsibility, social responsibility has already become a significant ba-
sis for institutional investors to make investment decisions; this investment philosophy
will be passed on to firms’ managers and increase their motivation in corporate social
responsibility fulfillment [65]. Rezende et al. (2019) found that the influence of green
innovation on improving firm financial performance has a time lag and generally appears
in the second year [66]. Institutional investors have more capital and better knowledge
and skills than retail investors [67]. Institutional investors are more able to practice the
long-term investment philosophy and endure short-term losses than retail investors; when
the institutional ownership ratio is high, it is unlikely that managers will be dismissed
due to short-term performance decline by innovation [68]. In order to obtain long-term
benefits, institutional investors will require firms to engage in behaviors that conform to
social expectations and environmental regulations [17]. Institutional investors” impact
on corporate green innovation is subject to variation, as evidenced by recent scholarly
investigations. A distinctive subset of these investors—characterized by their fortitude
against external pressures—exerts a particularly pronounced and positive effect on foster-
ing green innovation within firms [69]. It is worth emphasizing that this resilient group
represents a significantly larger share of the institutional investor population compared to
those who exhibit heightened sensitivity to pressures [69]. Therefore, it stands to reason
that corporations boasting a greater institutional shareholder presence would likely align
their strategies to accommodate these influential stakeholders, ultimately driving a more
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robust and diversified agenda of green innovation initiatives. Therefore, if there are more
institutional investors among the shareholders, managers will cater to these institutional
investors to implement more green innovation. We have the following hypothesis:

H3. Institutional ownership has a positive moderating effect on the relationship between investor
sentiment and corporate green innovation.

Green innovation has the characteristics of high innovation costs and positive ex-
ternalities; therefore, only when investors can fully realize the positive value that green
innovation brings to firms, rather than simply thinking that green innovation wastes the
bounded resources of firms, will investors give a positive evaluation to firms carrying out
green innovation [70]. However, most investors, particularly retail investors, are weak in
information collection and mining [67]. Analysts are professionals who study the value of
the stock investment and are good at mining valuable information that ordinary investors
cannot find from a variety of complex information [71]; they are an important information
medium in the stock market and help to enhance information transparency and allevi-
ate agency problem [72-74]. Luo et al. (2015) found that since analysts pay attention to
corporate social responsibility performance and take it as one of the bases for investment
recommendations, analyst recommendations play an intermediary role between corporate
social responsibility performance and market performance [67]. Due to analysts’ significant
role in improving the stock market’s information efficiency, investors can better understand
the long-term value of corporate green innovation [70]. In the face of external pressure,
firms with rich resources are more likely to invest necessary human resources and financial
capital to implement green innovation [75]. Therefore, if more analysts cover the firm,
investors will recognize its green innovation activities more, and managers will carry out
more green innovation activities. We have the following hypothesis:

H4. Analyst coverage has a positive moderating effect on the relationship between investor sentiment
and corporate green innovation.

2.4. State Ownership

SOEs in emerging markets and transitional economies are important executors of
national economic policies [76,77]. State ownership may moderate the effect of investor
sentiment on corporate green innovation from opposite directions.

In accordance with institutional theory, state ownership can be perceived as a com-
pensatory mechanism for deficiencies in market institutions [78]. In emerging economies
like China, the symbiotic political relationship grants SOEs privileged access to a broader
spectrum and preferential allocation of critical resources, such as bank loans, land, and
industry permits [79-82]. Such access is positively associated with SOEs’ ability to initiate
and perpetuate green innovation endeavors. When it comes to financing green innovation,
non-SOEs face significantly more daunting obstacles in acquiring green financing from
financial institutions compared to their state-owned counterparts [49]. Consequently, from
a resource dependency standpoint, non-SOEs, lacking sufficient and economical resources,
become more sensitive to the volatility of external resource availability when considering
green R&D investments and strategies. Thus, given the substantial influence of investor
sentiment on equity financing costs, the green innovation decisions of non-SOEs tend to
react be more to changes in investor sentiment compared to those of SOEs. It suggests that
state ownership may negatively moderate the influence of investor sentiment on green
innovation, as non-SOEs are more vulnerable to changes in financing conditions driven
by sentiment.

However, SOEs serve political as well as economic objectives, with political objectives
taking precedence. Political goals emphasize that firms should serve national policies [79].
Green development is the direction advocated and encouraged by the government and
has significant ecological and social values. SOEs dominated by political goals must share
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the government’s social responsibility [83] and help the government implement the green
development strategy; they are the critical executors of the government to promote green
innovation [40]; as a result, SOEs must make large financial input to improve their capacity
for green innovation. However, borrowed financing is inappropriate for R&D investment
due to its nature. Green innovation may be fostered by the issuing of equity, which can
provide steady, long-term finance for R&D [50]. Furthermore, in order to maintain the
socialist framework, the Chinese government continuously emphasises how crucial it is
to maintain state ownership’s dominating position in the economy. To this end, the state
must remain the majority shareholder in SOEs and ensure that excessive state ownership
dilution is avoided. Positive market sentiment gives SOEs a chance to reduce equity costs,
promote environmental protection objectives, and lessen the diluting effect of state control
while issue equity issuance. Therefore, in an environment where investor sentiment is
higher, SOEs could be more inclined to explore green innovation. Previous studies also
show that elements that may lower external financing costs and improve external financing
capabilities—such as digital finance and green credit—have a more positive influence on
SOEs’ green innovation than on non-SOEs’ green innovation [35,51].
Therefore, we propose two opposite hypotheses to be tested:

Hb5a. State ownership negatively moderates the relationship between investor sentiment and
corporate green innovation.

H5b. State ownership positively moderates the relationship between investor sentiment and
corporate green innovation.

The conceptual framework is shown in Figure 1.

External financing mechanism Additional analysis
Financial constraint State ownership
H2 HS5
H1
Investor sentiment Y y Y » Green innovation

H3 H4

Institutional Analyst
ownership coverage

Managerial catering mechanism

Figure 1. Conceptual framework.

3. Research Design
3.1. Sample and Data

The sample of this paper is from the listed firms in China’s A-share stock market, with
the observation window of 2010-2019, and the data is obtained from the CSMAR database.
Financial industries, observations in the initial public offering year and the following year,
and observations with missing variables were excluded. Eventually, our research obtained
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23,002 firm-year observations encompassing 3375 firms across 45 industries, with 2161 firms
and 13,941 firm-year observations in various manufacturing sectors, and 1214 firms with
9061 firm-year observations in non-manufacturing sectors.

3.2. Measurement of Variables
3.2.1. Dependent Variable

Existing literature measures firm innovation by the patent granted or applications.
During the patent application period, temporarily ungranted patents can still be used
for the firm’s production, which will substantially impact the operation and performance
of firms. Following Fang et al. (2014) [84], we gauge a firm’s green innovation level by
determining the annual number of green patent applications that are ultimately granted.
Additionally, we employ the annually granted green patents to make robustness check.

The original data on green patents are from the World Intellectual Property Organiza-
tion (WIPO). By matching the IPC classification codes of each patent with the International
Patent Classification Green List maintained by WIPO, the CSMAR database was able to
identify green patents. As a result, we obtained corporate green patent data straight from
the CSMAR database. These patents cover a wide range of topics, including transportation,
waste management, and energy saving. Since the development and application of design
patents are the most easily manipulated patent types, we exclude green design patents and
only include green invention patents and utility patents.

3.2.2. Independent Variable

Extant literature shows market- and firm-level proxy variables for investor sentiment.
Given the neglect of cross-sectional differences in investor sentiment by market-level
proxy, we chose a firm-level proxy variable. The stock mispricing component is obtained
by decomposing a firm’s market-book ratio [85], and we use it to measure firm-level
investor sentiment. Since investor sentiment fluctuates frequently, we measure it using
quarterly data.

3.2.3. Moderating Variable

Financial constraints. It is measured by the SA index [86]. The SA index’s endogeneity
issue is lower than other measurement indicators.

Institutional ownership. It is measured by shares held by institutional investors in
the firm.

Analyst coverage. It is measured by the number of analysts following a firm in a year.
Following To et al. (2013) [87], if an analyst publishes at least one tracking report about a
firm in a year, we include that analyst.

State ownership. It is measured by a dummy variable.

3.2.4. Control Variable

We control for firm size, age, leverage, profitability, growth, asset structure, cash flow,
and ownership concentration, the independence of the board, and state ownership.
The specific definitions of the above variables are represented in Table 1.

Table 1. Variable Definition.

Variable

Symbol Definition

Green innovation

Investor sentiment
Financial constraints
Institutional ownership
Analyst coverage

State ownership

Size

Logarithm of one plus the number of green patent applications in that

Green year that are ultimately granted

IS Stock mispricing obtained by decomposing the market-book ratio

FC SA index, SA= —0.737 x Size + 0.043 x Size’ — 0.04 x Age

10 Shares held by institutional investors/Total shares

AC Logarithm of one plus the number of analysts following a firm in a year
SOE If the firm is a SOE, SOE equals 1; otherwise, SOE equals 0.

Size Logarithm of total assets
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Table 1. Cont.

Variable Symbol Definition

Age Age Logarithm of firm age

Leverage Lev Total liabilities / total assets

Profitability ROA Net profits/total assets

Growth Grow Revenue growth rate

Asset structure Fix Net fixed assets/total assets

Cash flow CF Operating cash flow /total assets

Ownership concentration Top The largest shareholder’s shares/total shares
Independence of the board ID Number of independent directors/number of directors

3.3. Empirical Model

We establish a model to examine the impact of investor sentiment on enterprise
green innovation:

Green;; = g + 1151 + ‘szi,t—l + Ind + Year + ¢ (1)
We also establish a moderating effect model:
Greenirt = f30 + [3118 it—1t BzIS it—1 X M it—1t [33M it—1t BZXilt_l + Ind +Year + ¢ (2)

where M represents the moderating variable; in specific regression, M can represent fi-
nancial constraints (FC), institutional ownership (IS), analyst coverage (AC), and national
ownership (SOE); X represents the control variable; and Ind and Year represent industry-
and time-fixed effects, respectively. Considering that the transition from innovation input
to innovation output takes a long time, as well as to alleviate endogeneity, we lag the
variables on the right side of the model by one period.

4. Empirical Analysis
4.1. Descriptive Statistics

Table 2 reports the descriptive statistics of the variables. The mean value of Green
stands is 0.686, with a median of 0, which aligns with the extant literature [36]. Green’s
standard deviation is 1.037, highlighting the variability in green innovation levels among
firms. Our statistical analysis of green patents reveals an average of 5.11 green patents
filed per firm annually, corroborating the findings of prior studies [88,89]. The mean and
standard deviation of IS are 0.043 and 0.394, respectively, indicating significant fluctuations
and cross-sectional differences in investor sentiment.

Table 2. Descriptive Statistics.

Variable Mean SD Min Median Max
Green 0.686 1.037 0 0 4.263
IS 0.043 0.394 —0.728 0.003 1.210
FC —3.733 0.241 —4.317 —3.740 —3.086
IO 0.408 0.249 0 0.424 0.896
AC 1.496 1.153 0 1.386 3.714
SOE 0.413 0.492 0 0 1
Size 22.08 1.289 19.48 21.92 26.02
Age 2.317 0.646 1.099 2.398 3.258
Lev 0.444 0.213 0.053 0.439 0.929
ROA 0.035 0.059 —0.248 0.034 0.191
Grow 0.214 0.563 —0.594 0.116 4.070
Fix 0.225 0.168 0.002 0.190 0.719
CF 0.041 0.073 -0.191 0.041 0.245
Top 0.350 0.149 0.091 0.330 0.750

ID 0.374 0.053 0.333 0.333 0.571
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4.2. Baseline Regression Result

Table 3 shows the regression results of model (1). The independent variable in col-
umn (1) only includes investor sentiment (IS), and the coefficient is significantly positive
(21 =0.182, p < 0.01). Control variables were progressively introduced in columns (2) and
(3), and the coefficient is stays significant (¢; = 0.171, p < 0.01; &1 = 0.127, p < 0.01). The
regression result indicate that high investor sentiment promotes corporate green innovation,
supporting hypothesis H1.

Table 3. Baseline Regression Result.

1) ) 3)
Green Green Green
IS 0.182 *** 0.171 *** 0.127 ***
(0.016) (0.015) (0.017)
Size 0.338 *** 0.344 ***
(0.007) (0.006)
Age —0.250 *** —0.115 ***
(0.012) (0.011)
Lev 0.064 * 0.134 ***
(0.035) (0.034)
ROA 0.192* 0.721 ***
(0.108) (0.106)
Grow —0.016 —0.004
(0.011) (0.010)
Fix —0.115 *** —0.133 ***
(0.040) (0.041)
CF —0.209 ** —0.036
(0.088) (0.078)
Top —(0.382 *** —0.152 ***
(0.047) (0.042)
ID 0.202 —0.071
(0.126) (0.110)
SOE 0.008 0.069 ***
(0.015) (0.014)
_cons 0.678 *** —6.158 *** —6.973 ***
(0.007) (0.147) (0.137)
Ind No No Yes
Year No No Yes
N 23,002 23,002 23,002
R* 0.005 0.159 0.343

***p <0.01;** p <0.05; * p < 0.1. Standard errors are in parentheses.

Regarding the control variables, firm size (Size), leverage (Lev), and profitability
(ROA) positively impact green innovation, which is easy to understand: Larger firms have
comparative advantages in financial capacity, labor quality, and other aspects; Profitable
firms are better equipped to devote more capital; and firms with higher leverage have
stronger external financial capacity. Moreover, the coefficient of state ownership (SOE) is
significant and positive, indicating that green innovation is more likely to come from SOEs.
The previous literature [36,88-90] largely agrees with the control variables’ coefficients and
significance; sample variations may account for certain variables’ coefficient discrepancies.
To sum up, the fundamental explanatory variable (IS) that we are interested in has a
positive coefficient.

4.3. Moderating Effect

Firms engaging in green innovation rely on sustained large-scale capital investment.
Therefore, if the external financing channel exists, we expect that when the firm’s financial
constraints are higher, optimistic investor sentiment will have a more pronounced positive
effect on green innovation. We use the moderating effect model to test external financing
channels. The regression result is reported in column (1) of Table 4; investor sentiment (IS)
and financial constraints (FC) have an interaction term with a coefficient that is significantly
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positive (B, = 0.285, p < 0.01), indicating that the effect of investor sentiment on firm green
innovation increases with the increase of financial constraints, supporting hypothesis H2.
This result shows the existence of external financing channels.

Table 4. Moderating effect.

Financial Institutional Analyst State
Constraint Ownership Coverage Ownership
1) (2) (3) 4)
Green Green Green Green
IS 0.087 *** 0.131 *** 0.098 *** 0.085 ***
(0.016) (0.017) (0.017) (0.019)
IS x FC 0.285 ***
(0.059)
IS x IO 0.117 **
(0.058)
IS x AC 0.029 **
(0.013)
IS x SOE 0.121 ***
(0.030)
Size 0.332 *** 0.345 *** 0.305 *** 0.342 ***
(0.006) (0.006) (0.007) (0.006)
Age —0.041 *** —0.112 *** —0.089 *** —0.112 ***
(0.012) (0.011) (0.011) (0.011)
Lev 0.157 *** 0.134 *** 0.169 *** 0.134 ***
(0.034) (0.034) (0.034) (0.034)
ROA 0.872 *** 0.731 *** 0.370 *** 0.745 ***
(0.105) (0.105) (0.107) (0.105)
Grow —0.002 —0.004 —0.002 —0.004
(0.010) (0.010) (0.010) (0.010)
Fix —0.157 *** —0.131 *** —0.126 *** —0.128 ***
(0.041) (0.041) (0.041) (0.041)
CF —0.047 —0.033 —-0.116 —0.031
(0.078) (0.079) (0.079) (0.079)
Top —0.174 *** —0.128 *** —0.118 *** —0.150 ***
(0.042) (0.045) (0.042) (0.042)
ID —0.162 —0.082 —0.045 —0.067
(0.109) (0.110) (0.110) (0.110)
SOE 0.068 *** 0.073 *** 0.080 *** 0.066 ***
(0.014) (0.014) (0.014) (0.014)
FC 0.400 ***
(0.032)
IO —0.040
(0.028)
AC 0.069 ***
(0.006)
_cons —5.436 *** —6.993 *** —6.348 *** —6.937 ***
(0.163) (0.140) (0.151) (0.137)
Ind Yes Yes Yes Yes
Year Yes Yes Yes Yes
N 23,002 23,002 23,002 23,002
R* 0.349 0.343 0.346 0.343

***p <0.01;** p <0.05; * p < 0.1. Standard errors are in parentheses.

Institutional investors and securities analysts play significant roles in the stock market
and are an essential part of the external governance mechanism of public firms. If the
managerial catering channel exists, we expect that when the firm’s institutional ownership
and analyst coverage are higher, optimistic investor sentiment will have a more pronounced
positive effect on its green innovation. The results are reported in columns (2) and (3) of
Table 4, which shows that investor sentiment (IS) and institutional ownership (IO) have an
interaction term with a coefficient that is significantly positive (8, = 0.117, p < 0.05) and that
the coefficient of the interaction term between investor sentiment (IS) and analyst coverage
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(AC) is also significantly positive (8, = 0.029, p < 0.05), supporting hypotheses H3 and H4.
These results show the existence of managerial catering channels.

We use the moderating effect model to investigate the role of state ownership. The
regression result is shown in column (4) of Table 4; investor sentiment (IS) and state
ownership (SOE) have an interaction term with a coefficient that is significantly positive
(B2 =0.121, p < 0.01), indicating that investor sentiment has a more pronounced effect
on green innovation in SOEs, supporting hypothesis H5b rather than hypothesis Hb5a.
The cause may be that SOEs have to take on more social responsibilities and have a
stronger motivation for green innovation; with the tailwind generated by high investor
sentiment, SOEs can not only promote the realization of the political goal of protecting the
environment, but also lower financing costs and alleviate the dilution of state ownership
caused by issuing equity.

5. Robustness Test
5.1. Instrumental Variable

We construct instrumental variables based on the weather in the location of the stock
exchange. Evidence suggests a correlation between the weather in the city of the stock
exchange and investor sentiment [91,92]. Therefore, the weather in the location of the
stock exchange meets the requirements of correlation and exclusivity, and there is no
evidence to suggest that the weather in the location of the stock exchange directly affects
corporate green innovation. The instrumental variable passed the under-, weak-, and over-
identification test. The regression result of the second stage of 25LS is shown in column (1)

of Table 5; the coefficient of IS remains significant (a7 = 0.120, p < 0.01).

Table 5. Robustness test.

1) (2) 3) 4) (5) (6) (7) 8) )
Green Green Green Green Green Green GreenN Greenl GreenU
IS 0.120 *** 0.125 *** 0.186 *** 0.108 *** 0.027 *** 0.086 ** 0.100 ** 0.148 *** 0.080 ***
(0.022) (0.023) (0.017) (0.016) (0.009) (0.039) (0.044) (0.011) (0.015)
Size 0.342 *** 0.341 *** 0.334 *** 0.334 *** 0.341 *** 0.704 *** 0.790 *** 0.200 *** 0.289 ***
(0.007) (0.009) (0.007) (0.006) (0.006) (0.013) (0.015) (0.005) (0.006)
Age —0.140 ***  —0.094 ***  —0.149 **  —0.086 *** —0.114 *** —0.339 *** —0.291 **  —0.051 ***  —0.100 ***
(0.013) (0.015) (0.013) (0.010) (0.011) (0.025) (0.028) (0.007) (0.010)
Lev 0.127 *** 0.108 ** 0.166 *** 0.104 *** 0.157 *** 0.243 *** 0.351 *** —0.069 *** 0.190 ***
(0.036) (0.046) (0.035) (0.032) (0.034) (0.087) (0.094) (0.021) (0.031)
ROA 0.786 *** 0.757 *** 0.948 *** 0.292 *** 0.815 *** 2.222 #** 2.190 *** 0.119 * 0.632 ***
(0.109) (0.148) (0.125) (0.102) (0.105) (0.296) (0.326) (0.063) (0.097)
Grow —0.009 0.002 —0.019 % —0.033 *** 0.001 —0.003 —0.041 —0.013 ** —0.002
(0.010) (0.014) (0.010) (0.009) (0.010) (0.024) (0.029) (0.006) (0.009)
Fix —0.107 ** —0.085 —0.121 ***  —0.116 *** —0.163 ***  —(0.323 *** 0.009 —0.158 *** —0.051
(0.043) (0.057) (0.043) (0.039) (0.041) (0.103) (0.117) (0.026) (0.038)
CF —0.039 0.025 0.094 —0.019 —0.023 —0.304 0.037 0.156 *** —0.128 *
(0.082) (0.108) (0.081) (0.076) (0.078) (0.210) (0.240) (0.048) (0.072)
Top —0.133 **  —0.132*  —0.143** —0.112** —0.138** —0.326** —0.450** —0.072** —0.104 ***
(0.044) (0.059) (0.043) (0.040) (0.042) (0.095) (0.105) (0.028) (0.038)
ID —0.074 0.032 0.067 —0.067 —0.018 —0.611 ** 0.155 0.303 *** —0.088
(0.116) (0.153) (0.118) (0.104) (0.110) (0.239) (0.257) (0.075) (0.101)
SOE 0.076 *** 0.057 *** 0.069 *** 0.047 *** 0.064 *** 0.161 *** 0.038 0.082 *** 0.034 ***
(0.015) (0.020) (0.015) (0.014) (0.014) (0.033) (0.036) (0.009) (0.013)
—15.816 —17.520
_cons —6.886 ***  —7.021** —6.715** —6.860 ** —6.526 *** . ot —4.095 *** 5,985 ***
(0.145) (0.188) (0.145) (0.132) (0.155) (0.290) (0.327) (0.106) (0.127)
Ind Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 20,978 12,097 21,432 23,002 23,002 23,002 23,002 23,002 23,002
R* 0.349 0.350 0.340 0.344 0.341 0.162 0.111 0.246 0.334

**p <0.01;* p <0.05; * p < 0.1. Standard errors are in parentheses.
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5.2. Propensity Score Matching

We use the PSM approach to treat the samples to alleviate endogeneity further. Specif-
ically, the samples are firstly grouped based on the mean value of IS; then, all control
variables are treated as covariates, and the samples are matched through the 1:1 nearest
neighbor matching approach; finally, the matched samples are used to re-test the model (1).
The regression result is shown in column (2) of Table 5, and the coefficient of IS is significant
(q =0.125, p < 0.01).

5.3. Re-Measuring the Green Innovation and the Investor Sentiment

First, considering the lengthy innovation process, we adjusted the independent vari-
able lagged by a year in the baseline regression to lagged by two years; the regression result
(x1 =0.186, p < 0.01) is shown in column (3) of Table 5.

Second, we use the logarithm of one plus the number of green patents that are
granted in that year as the dependent variable to re-test the model (1); the regression
result (¢1 = 0.108, p < 0.01) is shown in column (4) of Table 5.

Third, following [93], we construct market-level investor sentiment indicators and
re-test the model (1); the regression result (x; = 0.027, p < 0.01) is shown in column (5) of
Table 5.

5.4. Replace the Regression Model

We use the Tobit regression model to re-examine the model (1). The regression result is
represented in column (6) in Table 5, and the coefficient of IS is still significant and positive
(a1 =0.086, p < 0.05).

We also use the original value of the number of green patent applications as the
dependent variable (GreenN) and the negative binomial regression model (NB) to estimate.
The NB is suitable for the discrete dependent variable. The regression result (7 = 0.100,
p < 0.05) is represented in column (7) in Table 5.

5.5. Distinguish Patent Types

Utility and innovation green patents differ in their application difficulty, cost, and
economic benefits. Generally speaking, the application difficulty, technical value, cost, and
protection time of invention patents are greater than those of utility patents. Because some
firms have bounded innovation capabilities, to obtain certain benefits, the firm’s managers
usually carry out a “speculative innovation”. Such innovation only reflects the speed
and quantity of firm innovation and does not represent firms’ competitiveness and actual
innovation capabilities. A worry is whether firms will cater to investor sentiment through
low-quality green innovation. Does high investor sentiment only promote low-quality
green innovation? Columns (8) and (9) in Table 5 represent the regression results of different
types of green patents, respectively; it can be seen that whether the dependent variable is
a green invention patent (Greenl) or green utility patent (Greenll), the coefficient of IS is
always significant and positive (1 = 0.148, p < 0.01; &1 = 0.080, p < 0.01).

6. Conclusions and Discussion
6.1. Conclusions

The preservation of the natural environment and sustainable economic development
depend heavily on green innovation. This is especially important for emerging nations
that are rapidly industrialising. This research empirically explores how investor sentiment
affects firm green innovation. Using financial records of Chinese listed firms from 2010 to
2019 and data on green patents, the following conclusions are drawn:

(1) The optimistic investor sentiment exerts a positive influence on firm green innovation.
This conclusion’s robustness has been confirmed through a variety of tests.

(2) Mechanistic analysis shows that investor sentiment propels corporate green inno-
vation via external financing and managerial catering channels. Positive investor
sentiment facilitates access to the financial capital required for green innovation and
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aids companies in surmounting fiscal constraints associated with these endeavors.
During periods of high sentiment, green innovation satisfies investors” pursuit of
high-risk but high-return projects, prompting managers to cater to these preferences
and bolstering firms’ resolve to pursue green innovation. Both institutional own-
ership and analyst coverage can amplify the positive impact of investor sentiment
on corporate green innovation. Institutional investors prioritise long-term returns
and corporate environmental performance, while analyst coverage can increase firms’
information transparency and lessen the information asymmetry that exists between
investors and managers. Together, these two external governance mechanisms can
increase managerial pressure and incentives to pursue green innovation.

(3) Additional investigation has shown that the relationship between investor sentiment
and green innovation is favourably moderated by state ownership. One explanation
might be that SOEs have political incentives to support green development policies
and are key players in driving green innovation. Because of this, SOEs need to invest
a lot of money, especially in equity, to strengthen their capacity for green innovation.
Positive investor mood offers SOEs a chance to advance environmental conservation
objectives, reduce equity costs, and lessen the diluting effect of issuing shares on
national ownership.

6.2. Theoretical Contribution

First, this study enriches the discourse on the determinants of such innovation by ap-
plying the bounded rationality hypothesis from behavioral finance to firm green innovation.
Previous studies have focused on objective factors like environmental regulations [25-29]
and external resources [35,36] on firm green innovation. The psychological viewpoint of
managers has been examined in certain publications when examining the determinants of
firm green innovation [41,42,88]. This paper adds to the research on firm green innovation
from the standpoint of investor psychology.

Second, although the link between investor sentiment and firm innovation has been
investigated in the past [11,12], we acknowledge that green innovation faces externalities
that are not present in general innovation, which might result in more substantial resource
restrictions. Thus, this paper adds to the body of knowledge on the relationship between
investor sentiment and corporate innovation by extending the research on the impact of
investor sentiment on firm innovation to the study of the impact of investor sentiment on
firm green innovation, drawing on earlier research.

Third, prior research has examined state ownership [40] and corporate external gov-
ernance methods [69,70]. We further incorporate these factors—based on previously pub-
lished research—into the framework for studying the relationship between investor senti-
ment and firm green innovation. We investigate the conditions that limit investor senti-
ment’s impact on green innovation from the standpoints of external corporate governance
mechanisms and state ownership, offering fresh perspectives on the functions of state
ownership and stock market governance mechanisms.

6.3. Practical Implication

According to the research conclusion, we can draw some practical implications:

First, despite the negative effects of excessive optimism on investor sentiment [10,94,95],
optimistic investor sentiment is beneficial for encouraging corporate innovation and green
innovation. Governments should properly acknowledge the role that the stock market
and investor sentiment play in promoting green innovation and growth, especially in
transitional countries like China where financial repression is endemic. The significance of
the growth of the stock market and the swings in investor mood must be acknowledged by
the government.

Second, the growth of institutional investors and analysts is necessary to drive green
innovation and achieve sustainable economic development in emerging markets with low
institutional investor proportions and weak analyst strength. This is because institutional
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ownership and analyst coverage are important external governance mechanisms that can
magnify the positive impact of investor sentiment on green innovation within enterprises.

Third, previous studies indicate that non-SOEs are less naturally motivated to innovate
in the green space than SOEs. This research also indicates that non-state ownership atten-
uates the positive influence of investor sentiment on green innovation. Governments in
rising market nations and transitional economies, such as China, need to support businesses
with different ownership structures in their active engagement in social responsibility and
in incorporating green development into every aspect of their operations.

6.4. Limitation and Further Research

This article has several limitations:

First, our sample comes from China, a developing country. The inferences made
from this might not hold true for developed nations, as companies in China and similar
emerging economies, face different financial environments and positions in the global
value chain, compared to those in developed countries; thus, the logic and determining
factors of enterprise investment decisions, innovation awareness, and green development
concepts may also differ. Furthermore, China is the biggest developing market in the
world. As such, its distinct system, culture, and degree of economic growth may set it apart
from other countries, which might restrict the relevance of our findings in other nations.
Samples from other countries may be included in future studies, which might provide
different conclusions.

Secondly, prior studies have shown that non-listed firms’ investments are influenced
by investor sentiment [96]. It is still unknown whether investor sentiment affects green
innovation in these organisations in a comparable way. Future research is what we want to
fill in these gaps.

Finally, this work overlooked the heterogeneity of institutional investors. Since the
proportion of institutional investors who are resistant to pressure is much higher than
that of their counterparts who are vulnerable to pressure, we did not make a distinction
between them in our empirical study [69]. Future research could distinguish between them.
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