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A B S T R A C T

Climate change is a critical and urgent issue worldwide. Green innovation is a key means of abating carbon
emissions. Our study investigates whether and how employee stock ownership plans (ESOPs) affect corporate
green innovation. Using a powerful difference-in-differences approach, we provide causal evidence of the pos-
itive effect of ESOPs on corporate green innovation. Our baseline results are robust after addressing potential
endogeneity issues using an entropy balancing technique, a Heckman two-stage model, and a placebo test, and
after including an industry effect and different model specifications. Our channel analyses reveal that ESOPs
mainly promote green innovation through increased risk-taking ability and employee productivity in green
innovation. We find that the positive effects are more pronounced when firms are not state-owned, have less
powerful CEOs, and are in heavily polluting industries. In addition, we find that companies with increased green
innovation after adopting ESOPs have better environmental performance than other firms.

‘Great things in business are never done by one person.’
————Steve Jobs

1. Introduction

‘Net-zero’ and ‘carbon neutrality’ have become global climate goals.
As one of the largest carbon emitters, China accounted for approxi-
mately 25 % to 40 % of the world’s total carbon emissions between 2019
and 2021 (Li et al., 2022). China has committed to peak carbon emis-
sions by 2030 and achieving carbon neutrality in 2060 (International
Energy Agency [IEA], 2021), and it needs to take urgent action to lessen
its CO2 emissions. It is well-documented that technological development
and green innovation are the most effective ways to reduce emissions
(Huang et al., 2021; Xu et al., 2021; Cao et al., 2022). If we ask the
question ‘who has innovative ideas?’, the answer is ‘employees’ (The
Wall Street Journal, 2010).1 Around 82 % of employees have ideas that

can generate new and improve existing products, services, processes,
and experiences (The State of Employee Ideas, 2018). Anecdotal evi-
dence indicates the innovation contributions made by employees of
various firms. For example, Nestlé, which greatly values employees’
ideas, used an integrated approach to increase employee engagement by
over 90 %, collected over 4800 ideas, and achieved funding for 67
projects worldwide.2 AstraZeneca intensively engaged its 64,000 em-
ployees to achieve the company’s strategic goals by taking full advan-
tage of the creativity of its employees across 120 countries.3 In China,
President Xi Jinping emphasises that technology is the primary pro-
ductive force, talent is the primary resource, and innovation is the pri-
mary driving force to achieve China’s strategies. However, a key
question is: what can motivate employees to engage in green innova-
tion? Our study investigates whether and how employee stock owner-
ship plans (ESOPs) affect corporate green innovation.

ESOPs are being included by an increasing number of firms as a key
component of employees’ compensation for both executives and rank-
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and-file employees (Oyer and Schaefer, 2005). However, studies indi-
cate that ESOPs are a double-edged sword. Many studies show that
ESOPs have a significant incentive effect due to the economic link be-
tween employees’ income and firms’ performance (Blasi et al., 1996).
Specifically, the positive incentive effect is reflected in increased team
effort and co-monitoring among employees (Blasi et al., 1996),
enhanced firm performance (Fang et al., 2015), and increased produc-
tivity (Jones and Kato, 1995) and corporate innovation (Chang et al.,
2015). Nonetheless, other studies indicate that group-based reward
systems lead to a weak connection between individual effort and in-
come, such that free-rider problems arise, which may adversely affect
corporate performance and lead to employees’ shirking (Blasi et al.,
1996). The divergent findings of the literature indicate the need for a
rigorous research design and an ideal setting to understand the role of
ESOPs and provide evidence of causality regarding their effects.

As mentioned above, Chang et al. (2015) investigate how ESOPs
affect corporate innovation. Our study extends literature by focusing on
green innovation. In contrast to traditional innovation, which aims to
bolster corporate competitiveness and operational efficiency, the ulti-
mate goal of corporate green innovation is to diminish the adverse ef-
fects on the ecological environment during production and operational
processes (Sun et al., 2024). Consequently, it is challenging to generate
commercial value in the short term. Moreover, due to its dual exter-
nalities of knowledge and environmental spillovers, the social benefits
of green innovation tend to surpass the economic benefits that enter-
prises can capture (Dong et al., 2024). This dual externality will lead to
market failure and position enterprises at a suboptimal level of green
innovation (G. Hu et al., 2021). The difference between conventional
innovation and green innovation makes it worth further investigation,
especially in a setting where green innovation is growing rapidly,4 but
significant developments remain required to reach carbon neutrality.
Thus, it is of great importance to investigate the key methods to promote
green innovation in China.

Second, it is well documented that green innovation is a key driver to
achieving the sustainability of companies, nations, and society through
innovative environmental technologies and advances and eco-design of
products and services. It generates long-term value and positive exter-
nalities (Amore and Bennedsen, 2016). Rank-and-file employees are one
of the most important stakeholders in relation to ESOPs, and they play a
significant role in promoting corporate environmental engagement, as
ESOPs tend to be broadly based and involve long-term plans (Kong and
Wang, 2021). Examining whether and how ESOPs for rank-and-file
employees affect green innovation is particularly salient given the
long-term orientation and broad base of ESOPs.

Third, compared with conventional innovation, green innovation is
characterised by high-risk and complex multi-stage processes (Holm-
strom, 1989; Hall and Vredenburg, 2003). It, therefore, requires a
complex set of competencies and skills. As one of the largest groups in a
firm, employees collectively possess the diverse skills to deal with
complex innovation activities together. As Steve Jobs states that one
person never does great things in business, studies show that broad-
based employee stock ownership is an effective factor that can
enhance employees’ collaboration, team effort, and productivity (Kim
and Ouimet, 2014). Thus, we expect employees granted broad-based
stock ownership to be motivated to engage in complex green innova-
tion activities.

Nevertheless, whether ESOPs promote corporate green innovation is
an empirical question for the following reasons. First, as mentioned
earlier, free-rider problems among individual employees in the case of
ESOPs may lead to shirking and reduced productivity (Blasi et al., 1996).
Kim and Ouimet (2014) document that the potentially beneficial effects
of ESOPs for employees and shareholders are weakened when the

number of employees is too large to mitigate free-riding problems. In
addition, Meng et al. (2011) find that ESOPs have little impact on firm
performance in China based on a historical ESOP policy experiment in
1992. However, this policy only applied to state-owned enterprises
(SOEs) and was terminated two years after its initiation. The ESOP
policy we focus on is quite different, particularly as it applies to both
SOEs and non-SOEs. Given the significant difference between SOEs and
non-SOEs in China (Wong, 2016), it may not be appropriate to gener-
alise the findings of Meng et al. (2011), which are based on SOEs, to non-
SOEs. Thus, an empirical test is required to evaluate the real impact of
ESOPs and provide solid evidence for policymakers and regulators.

To examine the impact of ESOPs on corporate green innovation and
environmental performance, we collect data from all Chinese listed
firms during the fiscal years from 2010 to 2020. Taking firms’ staggered
adoption of ESOPs as a quasi-natural experiment, we use a powerful
time-varying difference-in-differences (DiD) approach combined with
propensity score matching (PSM) techniques. Using this approach, we
find, in contrast with Meng et al. (2011), that ESOPs positively and
significantly impact corporate green innovation. To check the robust-
ness of our baseline results, we conduct a battery of tests to mitigate
endogeneity concerns. First, we follow Bertrand and Mullainathan
(2003) and Cao et al. (2022) and conduct a dynamic analysis to test the
assumption underlying the causal inferences of the DiD model, i.e., that
the trends in corporate green innovation in the period before the
adoption of ESOPs are similar between the treatment and control
groups. The results show that the increase in green innovation, espe-
cially in green invention, is only revealed after firms implement ESOPs.

Second, we conduct a placebo test by randomly selecting companies
as the pseudo-treatment group to mitigate an endogeneity concern
arising from spurious correlations and simultaneous confounding
events. We repeat the random sampling 500 times and re-estimate our
baseline model. We find that our baseline results are unlikely to be
contaminated by spurious correlations or simultaneous confounding
factors.

Third, we follow Beck et al. (2022) and Cazier et al. (2020) and use
an entropy balancing technique to balance the covariate distributions of
the treatment and control groups across the three moments, i.e., the
mean, variance, and skewness. We re-estimate our baseline results using
a matched sample and find they hold. Fourth, we modify the PSM
techniques by using a one-to-one matching approach without replace-
ment to match the two groups. Again, our baseline results remain the
same.

Fifth, as firms may not randomly decide to adopt ESOPs, we mitigate
self-selection concerns by constructing a Heckman two-stage model
using two instrumental variables: the percentage of firms implementing
ESOPs within an industry and the capital size of ESOPs within an in-
dustry in a city over that of an industry in the previous year. We
incorporate the inverse Mills ratio (IMR) obtained from the first stage
into the second-stage estimation to control the self-selection bias. Our
results continue to hold.

Sixth, we consider both independent green patent applications and
joint applications with other entities. We find that ESOPs can signifi-
cantly increase both applications. In a further test, we use the number of
green patents granted (rather than applications) as an alternative proxy
for corporate green innovation. We find that ESOPs enhance both green
patent applications and the number of green patents granted. Moreover,
we provide evidence that ESOPs enhance the number of citations for
granted green patents. Considering that more than half of the listed
companies do not engage in green innovation, we re-estimate our results
using the Tobit model. We find that our baseline results are not sensitive
to the model specification.

We determine the underlying mechanisms through which ESOPs
promote corporate green innovation, including enhanced risk-taking
ability and increased employee green innovation productivity. Our
cross-sectional tests show that our results are stronger (weaker) when
firms are non-SOEs (SOEs), have less (more) powerful CEOs, are in

4 In 2011, only 6005 green innovation patents were issued to Chinese listed
firms. By 2018, however, the number had increased to 65,938 (Li et al., 2022).
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heavily (lightly) polluting industries, and are (are not) managed by
professional asset management institutions. Moreover, our tests provide
evidence that the increased green innovation enabled by ESOPs can
improve corporate environmental performance.

Our study advances the literature in the following ways. First, we
answer the fundamental questions of who can and how to promote
corporate green innovation to achieve net-zero or carbon neutrality.
This is a particularly critical and urgent issue given that companies,
nations, and the world are under increasing pressure to reduce carbon
emissions. To the best of our knowledge, this study is the first to examine
whether and how employees, as one of the largest stakeholders with
innovative ideas, can be strongly motivated by stock ownership to
promote corporate green innovation. In addition, we extend the litera-
ture (e.g., Chang et al., 2015) by focusing on green innovation rather
than traditional innovation. Our study is of great importance to the
strategic development of firms in the contemporary business landscape.

Second, our study contributes to the literature on the real impact of
ESOPs. The issue of whether ESOPs can successfully motivate employees
to enhance their productivity remains unresolved in the literature. We
adopt the ideal setting of the staggered adoption of ESOPs by Chinese
listed companies, which enables us to use a powerful DiD model to
provide solid causal evidence of the impact of ESOPs. In addition, we
determine the underlying mechanisms (enhanced risk-taking ability and
increased employee productivity) through which ESOPs promote
corporate green innovation. Through a series of additional tests, we
provide in-depth insights into the variations in the real impact of ESOPs.
Thus, our study has important implications for regulators and policy-
makers regarding managing and further promoting ESOPs.

The remainder of the paper is organised as follows. Section 2 presents
the literature review and develops the hypothesis. Section 3 presents the
research design. Section 4 discusses the empirical results. Then, Section
5 presents the mechanism tests, Section 6 discusses the cross-sectional
tests and Section 7 examines additional tests. Finally, Section 8 con-
cludes the study.

2. Literature review and hypothesis development

2.1. Corporate green innovation

The sustainable development of human society has become an
increasingly prominent issue given the serious environmental pollution
caused by economic development. Green technological innovation can
alleviate the conflict between economic development and environ-
mental protection (Cui et al., 2023). Such innovation has become an
important concern for governments and enterprises, especially in China,
where serious environmental problems are occurring in the face of rapid
economic growth. However, innovation requires large resource inputs
and carries a high risk of failure (Pang and Wang, 2020; Zhou et al.,
2021b). Green innovation can generate environmental externalities (Xie
and Teo, 2022), but the return may be invisible to companies because, in
contrast to general innovation, they reap the benefits of innovation only
in the long run (Zhao et al., 2023). Therefore, companies tend to lack the
motivation to engage in green innovation, meaning that government
funding and policy support (Sun et al., 2019), as well as regulatory and
normative pressure (Berrone et al., 2013), are required to promote green
innovation. The literature determines that government environmental
legislation (Zhou et al., 2021a), environmental regulation (Zhang et al.,
2020a), the establishment of environmental courts (Huang et al., 2022),
anti-corruption measures (Zhou et al., 2022) and green credit and gov-
ernment subsidies (Li et al., 2018) can promote corporate green inno-
vation. Several studies explore corporate green innovation from the
perspective of the external environment. According to Sha et al. (2022),
the opening up of capital markets improves firms’ information

transparency and their awareness of the environment, which facilitates
corporate green innovation. Tang et al. (2021) argue that communica-
tion infrastructure generates network externalities, which can break the
spatial barrier, reduce transaction costs, nurture innovation models, and
improve corporate green innovation. Li et al. (2022) find that devel-
oping digital finance can alleviate financial constraints, facilitating
corporate green innovation.

Although the studies mentioned above explore the factors that
enhance corporate green innovation from the perspectives of macro-
economic policy, environmental regulation, and the external environ-
ment, firms at the micro level engage in green innovation. Thus,
exploring the firm characteristics that motivate or constrain green
innovation is particularly important. The literature examines the influ-
ence on corporate green innovation of organisational capabilities and
social interactions (Huang and Li, 2017), analyst following (Fiorillo
et al., 2022), and the multinational status of the firm (Kim et al., 2021).
These studies find that dynamic capability, coordination capability, and
social reciprocity (Huang and Li, 2017), the informative role of analysts
(Fiorillo et al., 2022), and exposure to foreign markets with strict
environmental regulations are important factors driving green
innovation.

In the process of corporate innovation, human capital is an extremely
important production factor (Kesting and Ulhøi, 2010). A company’s
human capital includes not only senior executives but also a large
number of ordinary employees. However, because green innovation
decisions are generally made by CEOs, a lot of literature revolves around
CEO characteristics to study corporate green innovation, including from
the perspectives of CEO’s hubris (Arena et al., 2018), education (Amore
et al., 2019), gender (Javed et al., 2023), and experience (He et al.,
2021; Quan et al., 2023; He et al., 2024; Wang and Li, 2024). Although
CEOs have a significant impact on the process of corporate green
innovation, the role of employees should not be overlooked, as they are
an important part of the company’s human capital and also the execu-
tors of green innovation decisions. Therefore, it is very important to
motivate employees to actively participate in the company’s green
innovation. ESOP is an important way to improve employee enthusiasm;
however, no studies have revealed the role of employees in green
innovation, leading us to focus on this issue in this study.

2.2. Employee stock ownership

Employees are frontline personnel who are engaged in their firm’s
production, but they often lack motivation and tend to be slack rather
than hardworking. In addition, although employees are familiar with
corporate production and operations, firms with large numbers of em-
ployees, particularly when these employees are mobile (Klein, 1987),
find that employees often lack loyalty to the company and are unwilling
to participate in corporate governance (Kim and Ouimet, 2014). Thus,
employees must be treated well to increase their loyalty and satisfaction
with their firm. Studies find that better treatment of employees can
enhance corporate performance in innovation (Chen et al., 2016; Wei
et al., 2020), competitiveness in the product market (Chang and Jo,
2019) and firm value (Fauver et al., 2018), as well as reducing the risk of
being acquired (Macias and Pirinsky, 2015). To improve employees’
productive motivations and enhance their willingness to participate in
corporate governance, it is essential to align their personal interests with
those of the company.

ESOPs are an important tool to achieve this goal and are widely used
in national capital markets (Hennig et al., 2023). Some studies find that
ESOPs can improve firm performance and generate positive governance
effects. For example, Jones and Kato (1995) find that the introduction of
ESOPs in Japan increases firm productivity. Fang et al. (2015) determine
that the adoption of ESOPs by China’s listed companies improves firm

W. Liu et al.
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performance. Chen et al. (2020) even argue that employee shareholding
can reduce the interest rates applied to corporate loans because it im-
proves corporate governance, discourages management risk-taking, re-
duces information asymmetry and increases employee retention. In
addition, Bova et al. (2015) argue that ESOPsmitigate the motivation for
opaqueness in corporate disclosure and increase voluntary corporate
disclosure. Zhang et al. (2020b) argue that employee stock ownership
can optimise the internal environment and reduce internal control
weaknesses within the firm. Chang et al. (2015) examine the impact of
non-executives’ employee stock ownership on the corporate innovation
of US companies and suggest that it can reduce free-riding and increase
corporate innovation.

However, there is no literature exploring the impact of employee
shareholding on corporate green innovation. The risks and returns of
green innovation are significantly different from those of general inno-
vation, and the lack of incentives for firms to engage in green innovation
makes it necessary to explore whether and how employee shareholdings
affect corporate green innovation. Furthermore, we find that employee
shareholdings facilitate corporate green innovation primarily through
two paths: facilitating corporate risk-taking and improving employee
productivity. Conversely, Chang et al. (2015) argue that the impact of
employee shareholdings on corporate innovation is mainly due to em-
ployees’ increased risk-taking rather than their performance motivation
based on stock options. This suggests that the mechanisms of the effects
of employee shareholdings on general and green innovation are not
identical.

2.3. Hypothesis

Governments and the public are increasingly concerned about pro-
tecting the environment, making environmental pollution caused by
corporate activities increasingly unacceptable. As a result, green inno-
vation by corporations is important to strengthen organisational legiti-
macy and implement sustainable corporate development (Zhou et al.,
2021a). However, the principal-agent problem means that managers
avoid risky activities and focus on the ‘quiet life’ of their organisations to
maintain their interests and reputations (Bertrand and Mullainathan,
2003). Corporate innovation is exploratory and complex, involves large
amounts of capital and significant risks, and requires considerable
managerial effort and organisational change (Pang and Wang, 2020;
Zhou et al., 2021b). Moreover, its benefits, which tend to be long-term,
are reaped largely by shareholders and stakeholders rather than man-
agers. Consequently, managers are motivated by opportunism to seek
short-term gains and lack incentives to engage in innovation.

Green innovation, in particular, is characterised by its long-term
nature, high risks, and double externalities (Malen and Marcus, 2019;
Xie and Teo, 2022). During the innovation process, managers engaging
in green technological innovation must make extra efforts to reduce
pollutant emissions, such as wastewater and flue gases. This involves
redesigning internal production processes, which can enhance corporate
green competitiveness (Kock et al., 2012). However, as corporate pro-
duction involves negative environmental externalities, companies profit
from polluting items and shift the polluting costs to others. Conse-
quently, the benefits of green innovation and competitiveness are costly
to the corporation but do not necessarily bring private corporate
benefits.

Moreover, green innovation requires corporations to incur all costs
yet make profits, and the positive externalities of innovation mean that
other companies benefit from their processes. As a result, companies
lack incentives to reduce pollution through green technological inno-
vation or improve environmental externalities (Jaffe et al., 2005).
Therefore, the insufficient motivation to take on the risks of green
innovation combined with inadequate supervision of managers will
reduce green innovation by corporations (Amore and Bennedsen, 2016).
Employees are important beneficiaries of the company’s green innova-
tion because green innovation can improve the working and production

environment for employees, which is conducive to the health of em-
ployees and the sustainable development of the company. Therefore,
employees pay particular attention to the company’s green innovation,
but they are not shareholders of the company and do not have the ability
to supervise managers to actively engage in green innovation.

By implementing ESOPs, employees become their company’s
shareholders, which links corporate development to the employees’
personal interests. This enhances the employees’ enthusiasm and moti-
vation for participation in corporate governance. As employees are on
the frontlines of production and operations, their capacity to obtain
accurate information about their company gives them an advantage over
outsiders in monitoring managers (European Commission, 2014; Feng
et al., 2022b). The literature confirms that employee shareholding has
positive corporate governance effects (Bova et al., 2015; Zhang et al.,
2020b) and influences employees’ incentives regarding risk-taking
(Chang et al., 2015). Based on the management practices associated
with the ESOPs implemented by listed companies in China, the man-
agement committee selected by shareholders to exercise shareholder
rights, vote and monitor the material matters of the company allows for
participation in corporate governance in practice.5 Green innovation
matters for long-term corporate development and employee share-
holding because it strengthens the supervision of managers and en-
courages managers to consider the company’s long-term interests,
which reduces their personal opportunistic motives when making stra-
tegic decisions for the company, thereby increasing green innovation.

Second, ESOPs align the interests of shareholders and employees and
reduce the free-riding problem within the workforce (Chang et al.,
2015), thus enhancing the company’s engagement in green innovation.
Although decisions on green innovation are not made directly by em-
ployees, green innovation often arises from employees and is imple-
mented by them (Kesting and Ulhøi, 2010). Therefore, strongly binding
the interests of employees with those of shareholders is essential to
secure the active involvement of employees in green innovation prac-
tices and ensure that they perform the work tasks optimally assigned for
green innovation activities. ESOPs increase the likelihood of employees
taking the initiative to identify problems in production and operations
that cause environmental pollution and to suggest improvements, thus
promoting green innovation. Implementing ESOPs can bind employees’
interests together, reducing the problem of free-riding (Chang et al.,
2015) and enhancing teamwork (Hochberg and Lindsey, 2010). Team-
work and alignment of benefits lead employees to exchange experiences
and ideas, complement each other’s strengths at work, and enable them
to monitor each other, which enhances their productivity in imple-
menting green innovation in the company. We propose research hy-
pothesis 1 (H1) based on the above analysis.

Hypothesis 1. Corporate green innovation increases after the imple-
mentation of an ESOP.

Two factors may prevent ESOPs from influencing corporate green
innovation. First, managers and not employees make corporate green
innovation decisions (Kesting and Ulhøi, 2010), as noted previously,
which can make it difficult for employees to influence green innovation.
Second, if most employees are engaged in low-tech jobs, they will have
little impact on the output of corporate green innovation (Leiponen,
2005). Thus, whether ESOPs can improve corporate green innovation
requires empirical testing.

3. Research design

3.1. Initial sample

ESOPs were implemented as early as the 1980s among companies in

5 For more details, see http://www.gov.cn/gongbao/content/2014/conten
t_2775520.htm.
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China, but their implementation in listed companies was terminated by
the China Securities Regulatory Commission (CSRC) on December 25,
1998, because of issues relating to the immature capital market at that
time. It was not until June 20, 2014, that ESOPs recommenced when the
CSRC issued the Guidelines on the Pilot Implementation of Employee
Stock Ownership Plans in Listed Companies. We use a DiD model to
clarify the causal effects of ESOPs on corporate green innovation. To
improve the efficiency of the DiD model, we need to ensure a sufficient
number of observations of companies implementing ESOPs in the pre-
implementation (pre-2014) period. Therefore, our initial sample in-
cludes all companies listed on the Shanghai and Shenzhen stock ex-
changes in China from 2010 to 2020, which totals 34,906 firm-year
observations. We apply a one-period lag such that the dependent vari-
ables are related to the 2011–2021 period and the independent and
control variables to the 2010–2020 period. After excluding B-share lis-
ted companies (1130 firm-year observations), financial companies
(733), and observations with missing data for the continuous control
variables (7845), we obtain 25,198 valid firm-year observations.

All standard deviations of the regressions are clustered at the firm
level. The data are collected from the WIND database for ESOPs, the
Chinese Research Data Services (CNRDS) database for corporate green
patents, and the Internal Control and Risk Management (DIB) database
for the internal control index. All other data are from the China Stock
Market and Accounting Research (CSMAR) database.

3.2. Propensity score matching

Companies that adopt an ESOP (ESOP adopter) may exhibit sys-
tematic differences in their characteristics compared to those that do not
(ESOP non-adopter). This could potentially confuse the research find-
ings. We employ the PSM technique to match the treatment group with a
similar control group based on a logit model, explained below, to miti-
gate this issue.

Following Kyung et al. (2019), Bao et al. (2018) and Erkens et al.
(2018), we first select a range of financial characteristics and gover-
nance characteristics as covariates. Firms implementing an ESOP during
the sample period form the treatment group (ESOPi = 1), and firms that
do not implement an ESOP during this period form the control group
(ESOPi = 0).

We estimate the following logistic regression separately for each pre-
implementation year:

ESOPi = α0 + α1SIZEi,t− 1 + α2LEVi,t− 1 + α3ROAi,t− 1 + α4GROWTHi,t− 1

+ α5SALESPPi,t− 1 + α6FIXEDPPi,t− 1 + α7RNDi,t− 1 + α8LOSSi,t− 1

+ α9AGEi,t− 1 + α10FIRMAGEi,t− 1 + α11SOEi,t− 1

+ α12CEO SHRi,t− 1 + α13EXC SHRi,t− 1 + α14INSi,t− 1

+ α15BOARDi,t− 1 + α16INDEi,t− 1 + α17SHAREBALANCEi,t− 1

+ α18WAGEi,t− 1 + α19INTCOVi,t− 1 + ε
(1)

The probability of a company implementing an ESOP in the current
year is estimated using the covariates in the prior year. The companies in
the treatment group in the first year of implementing the ESOP are
matched to the three control group companies with the closest pro-
pensity scores in the same year.6 In particular, all observations that do
not satisfy the common support hypothesis are excluded, and we use a
nearest-neighbour matching method of one-to-three with a threshold of
0.005. We adopt one-to-three matching because there are more obser-
vations in the control group than in the treatment group. We use a
putback matching approach, which allows the same control group

company to be matched with different treatment group companies in
different years to maximise the matching of treatment group companies
to the closest control group company. To alleviate concerns about errors
in matching methods, we conduct one-to-one PSM without replacement
in Section 4.4.

Referring to the literature (Chang et al., 2015; Shen et al., 2018), the
following are selected as covariates: firm size (SIZE), leverage (LEV),
return on assets (ROA), sales growth (GROWTH), sales per person
(SALESPP), fixed assets per person (FIXEDPP), whether the firm is loss-
making (LOSS), investment in R&D (RND), years since the listing date
of the firm (AGE), firm age (FIRMAGE), the nature of property rights, i.
e., whether the firm is state-owned (SOE), CEO shareholding (CEO_SHR),
executive shareholding (EXE_SHR), institutional shareholding (INS),
board size (BOARD), proportion of independent directors (INDE), equity
restriction (SHAREBALANCE), employee compensation (WAGE) and
level of internal control (INTCON).7 All variables are defined in Panel A
of Appendix A. Based on this approach, we match the treatment group
companies with ESOPs for the 2014–2020 period with the control group
companies with the nearest propensity score in the same year, year by
year. This yields a matched sample of 546 treatment group companies
and 1626 control group companies. Among them, 706 companies in the
control group are matched with different treatment group companies in
different years. Hence, the matched sample contains 546 companies in
the treatment group and 920 companies in the control group.

Finally, for each matched control group, we allocate an artificial
implementation date and artificial ESOP duration using the treatment
group’s implementation date and ESOP duration with which the com-
pany is matched.8 Taking observations of matched companies over the
sample period as the research subject, we obtain 21,458 firm-year ob-
servations, representing 1466 companies.9

Table 1 shows the differences in the mean values of the covariates
before and after matching. Columns (1)–(3) relate to the observations in
the ESOP implementation year for the treatment group (553) and for all
control groups (17,224). Columns (4)–(6) relate to the observations in
the ESOP implementation for the treatment group (546) and the
matched control group in that year (1626). The mean values of most
covariates differ significantly between the treatment and control groups
before matching, except for a few variables. However, the differences in
all covariates between the treatment and control groups are not signif-
icant after matching. This indicates that our PSM approach is effective.

3.3. Division of the ESOP period

Before constructing the model, we characterise the period relating to
the ESOP implemented by each company into three phases: pre-
implementation, duration, and end period. As shown in Fig. 1, the

6 For example, companies in the treatment group that started their ESOPs in
2014 are matched with three control group companies with the closest covar-
iate characteristics based on their covariate characteristics in 2013.

7 The continuous variables in the covariates are winsorised at the 1st and
99th percentiles for each matching year.

8 If a control group company is matched with different treatment group
companies in different years, the observation of that company is replicated, and
its artificial ESOP implementation date and ESOP duration are set to the values
of the corresponding experimental group companies in turn. If a control group
is matched with three treatment group companies in 2014, 2017 and 2019, the
observations of that control group are replicated three times in each year, and
the artificial ESOP implementation date and ESOP duration are set as the cor-
responding values of the treatment group companies matched in 2014, 2017
and 2019, respectively.

9 The observations with missing continuous variables are excluded before
matching, and the continuous dependent variables Green_Pi,t+1 and Green_Invi,
t+1 are lagged by one period. Hence, all companies in our study have more than
one observation after implementing their ESOP. Moreover, all companies must
have more than one observation before implementing the ESOP because of PSM
in the pre-implementation year. Therefore, no company is excluded from the
sample when we exclude companies with less than one observation before or
after the implementation of ESOPs.
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pre-implementation period is from the beginning of the sample period to
the first time that the company implements an ESOP. The duration
period is when the first ESOP implemented by the company remains
valid, which determines the latest time of employee ownership. The
duration (middle) phase is further divided into the lock-up and post-
lock-up periods. During the lock-up period, employees are initially
barred from selling their shares to prevent arbitrage. The end period, as
the name implies, concerns the end of the ESOP, and it is excluded from
the test to exclude other omitted factors and policies that may influence
the findings after the ESOP ends (1652).

We have 4373 firm-year observations in the treatment group and
12,938 artificial firm-year ESOP observations in the control group. We
winsorise all continuous variables at the 1 % and 99 % percentiles to
exclude the effect of outliers. All regressions are estimated based on
weights calculated using propensity scores.10 The process of sample

selection is shown in Panel B of Appendix A.
Panels A and B in Table 2 show the distribution of ESOPs and green

patents across industries and years, respectively. The proportion of the
sample implementing ESOPs is around 25 % for both the majority of
industries and years, but this may be related to our one-to-three
matching. However, in terms of absolute value, the manufacturing in-
dustry has the largest number of implemented ESOPs. In contrast, the
education and resident services, repair, and other services industries
have the smallest number. This is broadly consistent with the industry
distribution of listed companies in China. In addition, the mean value of
the number of green patents issued by listed companies in the following
year is <10 in terms of both industry and year. We use Tobit models in
the robustness tests to mitigate this issue. Some industries issued zero
green patents in the following year. In a robustness test, we restrict the
sample to manufacturing.

3.4. Models

Referring to the method of Bertrand andMullainathan (2003), Kyung
et al. (2019), and Du et al. (2022), we construct the following DiD
model:

Table 1
Differences in covariates before and after matching.

Variables Before matching After matching

Treatment
(N = 553)

Control
(N = 17,224)

Diff.
T-value

Treatment
(N = 546)

Control
(N = 1626)

Diff.
T-value

SIZEi,t-1 22.16 22.18 − 0.274 22.14 22.15 − 0.242
LEVi,t-1 0.394 0.464 − 4.946*** 0.393 0.392 0.149
ROAi,t-1 0.047 0.030 2.610*** 0.047 0.045 0.599
GROWTHi,t-1 0.336 8.279 − 0.182 0.281 0.261 0.686
SALESPPi,t-1 13.74 13.76 − 0.459 13.72 13.74 − 0.364
FIXEDPPi,t-1 12.36 12.58 − 4.246*** 12.37 12.37 − 0.017
LOSSi,t-1 0.047 0.109 − 4.615*** 0.048 0.047 0.025
RNDi,t-1 0.045 0.032 3.968*** 0.045 0.044 0.671
AGEi,t-1 1.963 2.245 − 8.664*** 1.966 1.971 − 0.151
FIRMAGEi,t-1 2.805 2.850 − 3.083*** 2.803 2.803 − 0.048
SOEi,t-1 0.107 0.465 − 16.797*** 0.108 0.114 − 0.405
CEO_SHRi,t-1 0.082 0.039 9.589*** 0.080 0.079 0.111
EXC_SHRi,t-1 0.113 0.056 10.338*** 0.112 0.110 0.203
INSi,t-1 0.383 0.461 − 7.593*** 0.382 0.386 − 0.295
BOARDi,t-1 2.223 2.258 − 4.510*** 2.222 2.223 − 0.059
INDEi,t-1 0.378 0.374 1.599 0.377 0.379 − 0.604
SHAREBALANCEi,t-1 0.780 0.665 4.468*** 0.773 0.786 − 0.419
WAGEi,t-1 9.240 9.259 − 0.389 9.245 9.239 0.118
INTCONi,t-1 6.538 6.307 3.313*** 6.532 6.553 − 0.451

Notes: The table shows the differences in covariates before and after propensity score matching. Columns (1)–(3) show the differences in covariates between the
treatment and control groups before matching, and columns (4)–(6) show the differences in covariates between the treatment and control groups after matching. All
variables are defined in Panel A of Appendix A. *, **, and *** represent 10 %, 5 %, and 1 % levels of significance, respectively.

Fig. 1. Each period of the ESOP.
Notes: The figure shows each period of ESOPs implemented by companies. The sample period is divided into the period before the company implements the ESOP,
the duration of the first implemented ESOP, and the period after the ESOP ends. The duration of the ESOP is divided into the lock-up period and the duration after the
lock-up period, taking into account the lock-up period for employee shareholdings.

10 Compared with one-to-one matching without putback, the one-to-three
putback PSM method can reduce sampling variance and enhance the stability
of matching. However, it requires weighting the regresses to reflect the effect of
the times at which matching occurs.
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Green Pi,t+1
⃒
⃒Green Invi,t+1 = α0 +α1ESOPi ×POST Implyi,t

+α2POST Implyi,t +
∑19

k=1

βkCONTROLi,t,k

+ FIRM+YEAR+ ε
(2)

The dependent variables, Green_Pi,t+1 and Green_Invi,t+1, refer to the
logarithm of one plus the number of green patents and green invention
patents, respectively, independently applied by listed companies in the
next year. The number of green patents refers to the sum of green in-
vention and utility patents independently applied by listed companies.
The independent variable ESOPi equals one if the company has imple-
mented an ESOP during the sample period and zero otherwise. The
dummy variable POST_Implyi,t equals one if the firm-year falls in the year
in which the ESOP is implemented and subsequent years, and zero
otherwise. As noted previously, we artificially assign values to the ESOP
implementation date and duration for the companies in the control

group during the PSM process, using the values of the corresponding
treatment group. Hence, the value of POST_Implyi,t for the control group
companies is the same as that for their corresponding companies in the
treatment group. Following the literature (Shen et al., 2018; Zheng et al.,
2021), if companies implement ESOPs multiple times during the sample
period, we exclude the failed and discontinued ESOPs and focus on the
first ESOP implemented.

With reference to the literature (Quan et al., 2023; Du et al., 2022;
Hao and He, 2022; Liu and Li, 2022), we control for a range of financial
characteristics of firms in model (2), including (as defined previously)
SIZEi,t, LEVi,t, ROAi,t, GROWTHi,t, SALESPPi,t, FIXEDPPi,t, LOSSi,t, RNDi,t,
AGEi,t, FIRMAGEi,t, and SOEi,t. Considering the impact of corporate
governance on green innovation, we control for the governance in-
dicators CEO_SHRi,t, EXE_SHRi,t, INSi,t, BOARDi,t, INDEi,t, SHARE-
BALANCEi,t, WAGEi,t, and INTCONi,t. We control for firm and year-fixed
effects in the model (2). The definitions of all variables in the model (2)
are provided in Panel A of Appendix A.

Table 2
Sample distribution.

Panel A: The distribution of ESOPS and green patents across industries

ESOPi Green Patentsi,t+1

ESOPi = 1 ESOPi = 0 N Ratio Mean P50 P75 Max

Agriculture, Forestry, Animal Husbandry, and Fishery 89 80 169 52.66 % 0.142 0 0 2
Mining 47 193 240 19.58 % 23.71 0 2 442
Manufacturing 3129 9182 12,311 25.42 % 2.367 0 1 526
Production and Supply of Electricity, Gas and Water 22 199 221 9.95 % 0.421 0 0 41
Construction 160 230 390 41.03 % 3.172 0 2 92
Wholesale and Retail trade 176 524 700 25.14 % 0.016 0 0 3
Transportation, Warehousing and Postal Service 68 206 274 24.82 % 0.077 0 0 5
Accommodation and Catering 11 27 38 28.95 % 0 0 0 0
Information Transmission, Computer Services and Software Industry 337 1068 1405 23.99 % 1.118 0 1 21
Estate 139 600 739 18.81 % 0.028 0 0 4
Leasing and Business Services 37 157 194 19.07 % 0.103 0 0 8
Scientific Research, Technical Services and Geological Exploration 40 90 130 30.77 % 1.454 0 2 17
Water Conservancy, Environment and Public Facilities Management Industry 54 102 156 34.62 % 6.827 3 8 76
Resident Services, Repair and Other Services 2 2 4 50.00 % 0 0 0 0
Education 2 1 3 66.67 % 0 0 0 0
Health and Social Work 26 46 72 36.11 % 0.083 0 0 2
Culture, Sports and Entertainment 24 91 115 20.87 % 0.009 0 0 1
Comprehensive 10 140 150 6.67 % 0.027 0 0 2
Total 4373 12,938 17,311 25.26 % 2.258 0 0 526

Panel B: The distribution of ESOPs and green patents across years

ESOPi Green Patentsi,t+1

ESOPi = 1 ESOPi = 0 N Ratio Mean P50 P75 Max

2010 186 589 775 24.00 % 2.071 0 0 161
2011 274 864 1138 24.08 % 1.920 0 0 232
2012 370 1100 1470 25.17 % 1.823 0 0 269
2013 422 1236 1658 25.45 % 2.111 0 1 227
2014 446 1286 1732 25.75 % 2.198 0 0 304
2015 476 1388 1864 25.54 % 2.798 0 1 366
2016 497 1492 1989 24.99 % 3.038 0 1 503
2017 500 1475 1975 25.32 % 3.174 0 1 526
2018 468 1389 1857 25.20 % 2.038 0 0 412
2019 407 1188 1595 25.52 % 1.900 0 1 132
2020 327 931 1258 25.99 % 0.778 0 0 73
Total 4373 12,938 17,311 25.26 % 2.258 0 0 526

Notes: The table shows the distribution of ESOP implementation and green patent applications across industries and years for the regression sample in this paper. Panel
A shows the sample distribution across industries, while Panel B shows the sample distribution across years. Industries are classified according to the CSRC Industry
Classification in 2012.
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3.5. Descriptive statistics

The descriptive statistics for all variables in the model (2) are pre-
sented in Table 3. In Panel A of Table 3, the mean values of Green_Pi,t+1,
and Green_Invi,t+1 are 0.377 and 0.250, respectively, values that are
similar to recent studies (Feng et al., 2022a; Cui et al., 2023). In total,
25.3 % of the firms with an ESOP in place during the sample period are

classified as the treatment group, and the remaining observations are
included in the control group. We find that 42.1 % of the sample relates
to the current and subsequent years of the (artificial) ESOP imple-
mentation date. The descriptive statistics for other variables are similar
to those found by recent studies in the Chinese context (Zhou et al.,
2019; Quan et al., 2023). Panel B shows the descriptive statistics of the
main variables for the treatment and control groups.

Table 3
Descriptive statistics.

Panel A: Descriptive statistic of full sample

Variable N Mean Min P25 P50 P75 Max SD

Green Pi,t+1 17,311 0.377 0 0 0 0 3.714 0.786
Green Invi,t+1 17,311 0.250 0 0 0 0 3.258 0.619
ESOPi 17,311 0.253 0 0 0 1 1 0.435
POST_Implei,t 17,311 0.421 0 0 0 1 1 0.494
ESOPi × POST_Implei,t 17,311 0.107 0 0 0 0 1 0.309
SIZEi,t 17,311 22.21 19.95 21.36 22.08 22.88 25.91 1.205
LEVi,t 17,311 0.412 0.053 0.247 0.402 0.560 0.877 0.203
ROAi,t 17,311 0.039 − 0.302 0.017 0.040 0.067 0.200 0.064
GROWTHi,t 17,311 0.211 − 0.498 − 0.003 0.129 0.306 2.808 0.441
SALESPPi,t 17,311 13.75 11.99 13.16 13.64 14.19 16.55 0.865
FIXEDPPi,t 17,311 12.39 9.258 11.78 12.42 13.03 15.06 1.069
LOSSi,t 17,311 0.081 0 0 0 0 1 0.273
RNDi,t 17,311 0.041 0 0.007 0.033 0.052 0.262 0.047
AGEi,t 17,311 2.065 0.693 1.609 2.079 2.639 3.258 0.699
FIRMAGEi,t 17,311 2.789 1.609 2.565 2.833 3.045 3.434 0.362
SOEi,t 17,311 0.147 0 0 0 0 1 0.355
CEO_SHRi,t 17,311 0.069 0 0 0.001 0.070 0.541 0.127
EXC_SHRi,t 17,311 0.097 0 0 0.008 0.135 0.630 0.156
INSi,t 17,311 0.397 0.003 0.171 0.400 0.605 0.890 0.249
BOARDi,t 17,311 2.233 1.792 2.079 2.303 2.303 2.708 0.172
INDEi,t 17,311 0.377 0.333 0.333 0.357 0.429 0.571 0.054
SHAREBALANCEi,t 17,311 0.758 0.034 0.300 0.611 1.081 2.800 0.592
WAGEi,t 17,311 9.236 5.951 8.661 9.318 9.902 11.76 1.054
INTCONi,t 17,311 6.466 0 6.238 6.721 7.064 9.954 1.309

Panel B: Descriptive statistic of treatment and control groups

Variable Treatment (N = 4373) Control (N = 12,938)

Mean Median SD Mean Median SD

Green Pi,t+1 0.446 0 0.856 0.353 0 0.759
Green_Invi,t+1 0.308 0 0.682 0.231 0 0.595
POST_Implei,t 0.424 0 0.494 0.420 0 0.494
SIZEi,t 22.19 22.06 1.137 22.22 22.08 1.227
LEVi,t 0.407 0.395 0.200 0.413 0.403 0.203
ROAi,t 0.041 0.042 0.063 0.039 0.039 0.065
GROWTHi,t 0.222 0.148 0.415 0.208 0.122 0.450
SALESPPi,t 13.73 13.62 0.840 13.76 13.65 0.873
FIXEDPPi,t 12.34 12.38 1.010 12.40 12.44 1.088
LOSSi,t 0.077 0 0.267 0.082 0 0.275
RNDi,t 0.043 0.034 0.044 0.041 0.032 0.047
AGEi,t 2.046 2.079 0.682 2.071 2.079 0.705
FIRMAGEi,t 2.788 2.833 0.361 2.790 2.833 0.362
SOEi,t 0.139 0 0.346 0.150 0 0.357
CEO_SHRi,t 0.071 0.002 0.129 0.068 0.001 0.127
EXC_SHRi,t 0.100 0.013 0.156 0.095 0.007 0.157
INSi,t 0.393 0.401 0.245 0.399 0.400 0.251
BOARDi,t 2.230 2.303 0.159 2.234 2.303 0.177
INDEi,t 0.376 0.333 0.054 0.377 0.357 0.054
SHAREBALANCEi,t 0.770 0.629 0.584 0.755 0.606 0.594
WAGEi,t 9.232 9.284 1.025 9.237 9.332 1.063
INTCONi,t 6.455 6.714 1.311 6.470 6.724 1.308

Notes: The table shows the descriptive statistics of the main variables in model (2) within the full sample, treatment, and control groups. The definitions of all variables
can be found in Panel A of Appendix A.
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Table 4
Correlation matrix.

A B C D E F G H I J K L M N O P Q R S T U V W X

Green Pi,t+1 1 0.867a 0.049a − 0.004 0.042a 0.074a 0.021a 0.061a 0.045a − 0.029a − 0.013c − 0.042a 0.210a − 0.083a − 0.089a 0.019b 0.036a 0.060a 0.015b 0.049a − 0.023a 0.012 0.054a 0.053a

Green Invi,t+1 0.923a 1 0.056a 0.005 0.042a 0.093a 0.039a 0.048a 0.041a − 0.013c − 0.027a − 0.034a 0.201a − 0.048a − 0.067a 0.036a 0.037a 0.058a 0.016b 0.051a − 0.005 0.016b 0.087a 0.045a

ESOPi 0.051a 0.054a 1 0.004 0.596a − 0.005 − 0.011 0.029a 0.042a − 0.012 − 0.031a − 0.008 0.043a − 0.017b − 0.004 − 0.015c 0.037a 0.043a − 0.009 − 0.006 − 0.008 0.020a − 0.012 − 0.006
POST_Implei,t − 0.002 0.004 0.004 1 0.406a 0.208a 0.036a − 0.073a − 0.063a 0.138a 0.072a 0.098a 0.141a 0.250a 0.300a − 0.058a 0.054a 0.077a − 0.070a − 0.090a 0.033a 0.097a 0.249a − 0.182a

ESOPi × POST_Implei,t 0.045a 0.045a 0.596a 0.406a 1 0.102a 0.013c − 0.017b − 0.002 0.052a 0.020a 0.033a 0.076a 0.101a 0.122a − 0.030a 0.030a 0.044a − 0.033a − 0.030a 0.008 0.054a 0.107a − 0.070a

SIZEi,t 0.163a 0.184a − 0.012 0.186a 0.086a 1 0.523a − 0.056a 0.031a 0.442a 0.223a − 0.054a − 0.287a 0.507a 0.280a 0.280a − 0.285a − 0.310a 0.392a 0.213a − 0.058a − 0.079a 0.285a 0.145a

LEVi,t 0.056a 0.066a − 0.013c 0.032a 0.010 0.515a 1 − 0.402a 0.018b 0.344a 0.139a 0.165a − 0.398a 0.431a 0.237a 0.248a − 0.278a − 0.319a 0.223a 0.107a − 0.002 − 0.122a 0.115a − 0.014c

ROAi,t 0.058a 0.046a 0.018b − 0.106a − 0.036a 0.011 − 0.336a 1 0.292a − 0.008 − 0.172a − 0.473a 0.105a − 0.204a − 0.140a − 0.113a 0.151a 0.165a 0.082a 0.038a − 0.048a 0.061a 0.114a 0.410a

GROWTHi,t 0.011 0.006 0.014c − 0.058a − 0.016b 0.042a 0.055a 0.205a 1 0.080a − 0.097a − 0.251a − 0.005 − 0.145a − 0.127a − 0.077a 0.109a 0.115a 0.025a − 0.009 − 0.015b 0.080a 0.039a 0.305a

SALESPPi,t − 0.011 0.003 − 0.017b 0.120a 0.043a 0.434a 0.363a 0.020a 0.118a 1 0.367a − 0.069a − 0.350a 0.266a 0.208a 0.138a − 0.161a − 0.189a 0.186a 0.072a − 0.015c − 0.043a 0.334a 0.102a

FIXEDPPi,t 0.011 − 0.003 − 0.027a 0.063a 0.018b 0.245a 0.126a − 0.070a − 0.077a 0.310a 1 0.035a − 0.135a 0.166a 0.120a 0.150a − 0.169a − 0.194a 0.097a 0.090a − 0.038a − 0.081a 0.049a − 0.077a

LOSSi,t − 0.037a − 0.029a − 0.008 0.098a 0.033a − 0.057a 0.181a − 0.675a − 0.174a − 0.064a 0.020a 1 0.017b 0.096a 0.059a 0.019b − 0.055a − 0.049a − 0.074a − 0.061a 0.045a − 0.007 0.013c − 0.346a

RNDi,t 0.125a 0.141a 0.019b 0.095a 0.048a − 0.251a − 0.341a − 0.026a − 0.054a − 0.333a − 0.208a 0.065a 1 − 0.285a − 0.148a − 0.271a 0.335a 0.384a − 0.280a − 0.123a 0.057a 0.169a 0.040a − 0.109a

AGEi,t − 0.041a − 0.002 − 0.016b 0.267a 0.107a 0.492a 0.430a − 0.158a − 0.056a 0.267a 0.177a 0.097a − 0.199a 1 0.598a 0.319a − 0.422a − 0.487a 0.241a 0.135a − 0.008 − 0.153a 0.248a − 0.072a

FIRMAGEi,t − 0.052a − 0.026a − 0.002 0.309a 0.127a 0.260a 0.240a − 0.121a − 0.069a 0.196a 0.125a 0.060a − 0.111a 0.585a 1 0.146a − 0.225a − 0.256a 0.118a 0.055a − 0.009 − 0.046a 0.178a − 0.117a

SOEi,t 0.042a 0.063a − 0.015c − 0.058a − 0.030a 0.312a 0.253a − 0.056a − 0.056a 0.143a 0.167a 0.019b − 0.202a 0.310a 0.138a 1 − 0.345a − 0.383a 0.303a 0.233a − 0.050a − 0.179a 0.085a 0.072a

CEO_SHRi,t − 0.004 − 0.002 0.010 − 0.018b − 0.006 − 0.276a − 0.249a 0.076a 0.038a − 0.165a − 0.143a − 0.034a 0.201a − 0.355a − 0.192a − 0.217a 1 0.867a − 0.521a − 0.117a 0.028a 0.243a − 0.078a − 0.011
EXC_SHRi,t − 0.004 − 0.004 0.013c − 0.021a − 0.007 − 0.311a − 0.289a 0.092a 0.044a − 0.187a − 0.178a − 0.044a 0.237a − 0.415a − 0.227a − 0.244a 0.911a 1 − 0.578a − 0.127a 0.036a 0.289a − 0.092a − 0.026a

INSi,t 0.053a 0.056a − 0.010 − 0.072a − 0.035a 0.413a 0.221a 0.115a 0.048a 0.183a 0.115a − 0.074a − 0.231a 0.228a 0.104a 0.307a − 0.463a − 0.527a 1 0.164a − 0.057a − 0.237a 0.150a 0.192a

BOARDi,t 0.080a 0.085a − 0.009 − 0.090a − 0.032a 0.240a 0.116a 0.059a − 0.020a 0.064a 0.095a − 0.060a − 0.111a 0.138a 0.053a 0.247a − 0.136a − 0.133a 0.172a 1 − 0.642a 0.012 0.009 0.095a

INDEi,t − 0.017b 0.002 − 0.008 0.028a 0.007 − 0.055a − 0.002 − 0.049a − 0.008 − 0.009 − 0.045a 0.045a 0.068a − 0.018b − 0.025a − 0.059a 0.097a 0.095a − 0.065a − 0.592a 1 − 0.023a 0.031a − 0.030a

SHAREBALANCEi,t − 0.002 0.003 0.011 0.081a 0.041a − 0.071a − 0.115a − 0.000 0.066a − 0.033a − 0.088a − 0.006 0.112a − 0.131a − 0.026a − 0.147a 0.055a 0.124a − 0.236a 0.016b − 0.035a 1 0.006 − 0.051a

WAGEi,t 0.074a 0.108a − 0.002 0.241a 0.108a 0.274a 0.128a 0.052a 0.044a 0.328a 0.052a 0.016b 0.075a 0.239a 0.171a 0.080a − 0.103a − 0.121a 0.147a 0.002 0.033a 0.019b 1 0.018b

INTCONi,t 0.074a 0.074a − 0.005 − 0.149a − 0.060a 0.132a − 0.114a 0.419a 0.134a 0.068a − 0.035a − 0.393a − 0.039a − 0.124a − 0.126a 0.014c 0.029a 0.034a 0.107a 0.077a − 0.030a − 0.030a − 0.030a 1

Notes: The table shows the correlation matrix for the main variables in model (2). The upper triangle is the pearson correlation matrix, and the lower triangle is the spearman correlation matrix. All variables are defined in
Panel A of Appendix A. c, b, and a represent 10 %, 5 %, and 1 % levels of significance, respectively.
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The correlation coefficients of the main variables in the model (2) are
presented in Table 4. The Pearson and Spearman correlation coefficients
for ESOPi and ESOPi × POST_Implyi,t on Green_Pi,t+1 and Green_Invi,t+1 are
positive and significant at the 1 % level. This indicates positive

relationships between ESOP and corporate green patents and green in-
vention patents. Although the correlation coefficients of some variables
exceed 0.5, all variance inflation factors are below 10, which implies a
low possibility of multicollinearity.

4. Main results

4.1. Baseline results

First, we test how ESOPs affect firms’ green innovation (H1) with the
results of model (2) presented in Table 5. In columns (1) and (2), we
regress model (2) without any control variables but firm and year-fixed
effects. The coefficients of ESOPi × POST_Implei,t are both positive and
significant, no matter whether Green_Pi,t+1 or Green_Invi,t+1 is the
dependent variable, which preliminary verifies our hypothesis H1. After
controlling the financial and corporate governance indicators, columns
(3) and (4) show the results of model (2). With Green_Pi,t+1 as the
dependent variable, the coefficient of ESOPi × POST_Implei,t is positive
and significant (0.098, p < 0.01), indicating an average increase of
10.30 % (e0.098–1) in the number of green patent applications applied
for by firms in the following year from the pre- to post-implementation
periods of the ESOPs. Taking Green_Invi,t+1 as the dependent variable, we
find a significant increase (0.055, p < 0.05) in the number of green in-
vention patents applied for by firms in the following year from the pre-
implementation period to the end period, with an average increase of
5.65 % (e0.055–1).

4.2. Parallel trend test

The positive relationships between ESOPs and Green_Pi,t+1 and
Green_Invi,t+1 demonstrated in the previous section may not be sufficient
evidence that ESOPs increase green innovation because green innova-
tion may vary between the treatment and control groups in the absence
of an ESOP, resulting in a higher rate of green innovation in the treat-
ment group than in the control group. Therefore, the parallel trend
assumption is a crucial prerequisite for the DiD model to demonstrate
causation. We introduce multiple dummy time-based variables for the
parallel trend test and construct the following model:

Green Pi,t+1
⃒
⃒Green Invi,t+1 = α0 +

∑3

t=− 2
ϑtESOPi ×POST Imlpy t

+
∑3

t=− 2
δtPOST Imply t+

∑19

k=1

βkCONTROLi,t,k

+ FIRM+YEAR+ ε
(3)

In model (3), time dummy variables, POST_Imply_t (t = − 3, − 2, − 1,
0, 1, 2, 3), are constructed to identify the economic effects of each year
before and after the implementation of the ESOP by the firm. POST_-
Imply_t (t= − 3, − 2, − 1, 0, 1, 2, 3) equals one if the year is three or more
years prior to the year of ESOP implementation, two years prior to the
year of ESOP implementation, one year the year of ESOP implementa-
tion, the year of ESOP implementation, one year after the year of ESOP
implementation, two years after the year of ESOP implementation, or
three or more years after the year of ESOP implementation, respectively,
and 0 otherwise. POST_Imply_-3 is removed to prevent collinearity
problems. By replacing POST_Implyi,t in model (2) with POST_Imply_t,
model (3) is constructed to verify whether model (2) meets the parallel
trend assumption.

Panel A of Table 6 shows the results of model (3), and the graphs
demonstrating the results of the parallel trend assumption test are

Table 5
Baseline results.

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

Green_Pi,
t+1

Green_Invi,
t+1

Green_Pi,
t+1

Green_Invi,
t+1

ESOPi × POST_Implei,t 0.096*** 0.053** 0.098*** 0.055**
(3.01) (2.15) (3.07) (2.24)

POST_Implei,t − 0.006 0.009 − 0.009 0.004
(− 0.27) (0.54) (− 0.40) (0.23)

SIZEi,t 0.013 0.013
(0.70) (0.81)

LEVi,t 0.160 0.153**
(1.62) (1.98)

ROAi,t 0.540*** 0.412***
(3.35) (3.18)

GROWTHi,t − 0.021 − 0.019
(− 1.31) (− 1.49)

SALESPPi,t − 0.012 − 0.013
(− 0.70) (− 0.97)

FIXEDPPi,t 0.011 0.001
(0.87) (0.07)

LOSSi,t 0.058** 0.049**
(1.97) (2.06)

RNDi,t 0.447 0.243
(1.07) (0.67)

AGEi,t − 0.053 − 0.024
(− 0.99) (− 0.61)

FIRMAGEi,t 0.399** 0.336***
(2.37) (2.88)

SOEi,t − 0.007 0.026
(− 0.18) (0.77)

CEO_SHRi,t − 0.082 − 0.030
(− 0.55) (− 0.27)

EXC_SHRi,t − 0.184 − 0.075
(− 1.23) (− 0.71)

INSi,t 0.021 0.045
(0.26) (0.74)

BOARDi,t 0.103 0.121
(0.82) (1.30)

INDEi,t 0.255 0.310
(0.85) (1.46)

SHAREBALANCEi,t − 0.009 − 0.013
(− 0.39) (− 0.80)

WAGEi,t 0.003 0.002
(0.14) (0.14)

INTCONi,t 0.006 0.004
(1.10) (0.95)

_cons 0.386*** 0.256*** − 1.349* − 1.266**
(49.17) (41.47) (− 1.90) (− 2.37)

FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 17,311 17,311 17,311 17,311
adj R2 0.661 0.656 0.664 0.658

Notes: The table shows the results of how ESOPs affect firms’ green innovation in
the following year. Columns (1) and (2) show the results of model (2) without
control for any control variables. Columns (3)–(4) show the results of model (2),
which explores the changes in green patents and green invention patents in the
following year after implementing the ESOP for companies in the treatment
group. The definitions of all variables can be found in Panel A of Appendix A. T-
values are shown in parentheses. *, **, and *** represent 10 %, 5 %, and 1 %
levels of significance, respectively. All regressions are estimated based on
weights (_weight) taken from the propensity score match. Standard errors for all
regressions are clustered at the firm level.
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shown in Fig. 2 at the 10 % significance level. As can be seen, the null
hypothesis that there is no significant difference in the trend of green
innovation between the treatment and control groups before imple-
menting the ESOP is not rejected. Thus, the parallel trend assumption is
satisfied.

4.3. Placebo test

To rule out omitted variables or other policy factors that may lead to
increased green innovation in companies in the treatment group, we
perform a time-varying placebo test and a randomly selected pseudo-
treatment group test.

We conduct the time-varying placebo test by advancing the imple-
mentation dates by one and two years (Kyung et al., 2019). Specifically,

we exclude all observations after the (artificial) implementation date of
the ESOPs and assume that companies implement their ESOPs 1 or 2
years prior to the actual implementation date. POST_Pseudo_1i,t and
POST_Pseudo_2i,t, which equal one if the firm-year is in the year and
subsequent years of the date that is one year or two years prior to the
implementation date of the ESOPs, respectively, and 0 otherwise. We
conduct the time-varying placebo test by replacing POST_Implyi,t in
model (2) with POST_Pseudo_1i,t and POST_Pseudo_2i,t. As Panel B of
Table 6 shows, the coefficients of ESOPi × POST_Pseudo_1i,t and ESOPi ×
POST_Pseudo_2i,t in columns (1)–(4) are all non-significant, which in-
dicates that there is a weak probability of omitted events (rather than
ESOPs) leading to improved corporate green innovation.

Next, using companies at the pre-implementation date of their ESOP
as the sample, we randomly select 546 observations as the pseudo-

Table 6
Parallel assumption test and placebo test.

Panel A: parallel assumption test

(1) Green_Pi,t+1 (2) Green_Invi,t+1

Coef. T-value Coef. T-value

ESOPi × POST_Imple_-2 0.048 (1.23) 0.017 (0.58)
ESOPi × POST_Imple_-1 0.040 (1.01) 0.037 (1.18)
ESOPi × POST_Imple_0 0.080* (1.96) 0.048 (1.50)
ESOPi × POST_Imple_1 0.148*** (2.90) 0.104** (2.54)
ESOPi × POST_Imple_2 0.176*** (3.45) 0.083** (2.11)
ESOPi × POST_Imple_3 0.071 (1.26) 0.035 (0.83)
POST_Imple_-2 − 0.043 (− 1.59) − 0.039* (− 1.92)
POST_Imple_-1 − 0.014 (− 0.54) − 0.027 (− 1.42)
POST_Imple_0 − 0.025 (− 0.87) − 0.020 (− 0.96)
POST_Imple_1 − 0.015 (− 0.38) − 0.026 (− 0.90)
POST_Imple_2 − 0.020 (− 0.49) − 0.006 (− 0.19)
POST_Imple_3 − 0.037 (− 0.76) − 0.023 (− 0.62)
CONTROLS Yes Yes
FIRM FE Yes Yes
YEAR FE Yes Yes
N 17,311 17,311
adj. R2 0.664 0.659

Panel B: placebo test

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

Green_Pi,t+1 Green_Invi,t+1 Green_Pi,t+1 Green_Invi,t+1

ESOPi × POST_Pseudo_1i,t 0.029 0.027
(0.85) (0.97)

POST_Pseudo_1i,t 0.008 0.004
(0.34) (0.22)

ESOPi × POST_Pseudo_2i,t 0.044 0.021
(1.28) (0.80)

POST_Pseudo_2i,t − 0.029 − 0.028*
(− 1.25) (− 1.70)

CONTROLS Yes Yes Yes Yes
FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 9901 9901 9901 9901
adj. R2 0.717 0.725 0.717 0.725

Notes: The table shows the results of the parallel assumption test and placebo test for model (2). In Panel A, column (1) shows the change in green patents applied by
companies in the next year in each year before and after implementing the ESOP, whereas column (2) shows the change in green invention patents applied in the next
year as a result. Panel B shows the results of the time-varying placebo test, which investigates the existence of omitted events or policies that may affect the relationship
between ESOP and corporate green innovation. By advancing the implemented date of the ESOPs by one year and two years, respectively, the hypothesis that there are
no omitted events and policies that lead to the improvement of green innovation may not be rejected if the coefficients of ESOPi × POST_Pseudo_1i,t and ESOPi ×
POST_Pseudo_2i,t are insignificant. The definitions of all variables can be found in Panel A of Appendix A. T-values are shown in parentheses. *, **, and *** represent 10
%, 5%, and 1% levels of significance, respectively. All regressions are estimated based on weights (_weight) taken from the propensity score match. Standard errors for
all regressions are clustered at the firm level.
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treatment group companies and the remaining companies as the pseudo-
control group (1626 observations).11 Based on these groups, we
construct the pseudo-independent variable ESOP and substituted it into
the model (2). We calculate ESOPi in the same way as in the previous
section. By repeating the random sampling 500 times and re-testing
model (2) on this basis, we plot the coefficients of the key variables
ESOPi × POST_Implei,t for the 500 sampling tests. The results are pre-
sented in Panels A and B of Fig. 3. It is evident that the coefficients of
ESOPi× POST_Implei,t have an approximately normal distribution, which
greatly excludes the possibility of omitted factors contributing to the
regression results. Therefore, these tests indicate that our results remain
robust.

4.4. Entropy balancing and alternative PSM techniques

As considerable sample loss is a shortcoming of PSM, the entropy
balancing approach effectively minimises the potential pre-trends in our
control variables without sampling loss. We perform third-order entropy
balancing on the full sample before PSM (Hainmueller, 2012; Darendeli

et al., 2022). DiD model (4) is constructed following Bertrand and
Mullainathan (2003) and Chan et al. (2013) and tested using the full
sample and the entropy-balanced sample. The definition of ESOPi ×
Implyi,t for the treatment group companies remains the same as before,
and it equals zero for companies in the control group. The control var-
iables are the same as those in the model (2).

Green Pi,t+1
⃒
⃒Green Invi,t+1 = α0 +α1ESOPi ×POST Implyi,t

+
∑19

k=1

βkCONTROLi,t,k + FIRM+YEAR+ ε

(4)

Panel A of Table 7 shows the matching results of entropy balancing.
Compared with pre-matching, the differences in firm characteristics
between the treatment and control groups are largely eliminated after
adopting this approach. It is evident from columns (1)–(4) of Panel B
that the main results hold for the full sample before and after entropy
balancing.

As there are more observations in the control group than in the
treatment group, we use the one-to-three PSM method for the main
analyses. This aids in matching the treatment group companies with
those with the closest covariates in the control group. In addition, we
allow the same control group companies to be matched with different
treatment group companies in different years to minimise the differ-
ences in covariates among companies that are successfully matched.
However, to eliminate potential mistakes arising from this method, we

Fig. 2. Parallel trend test.
Notes: The figure shows the results of whether the assumption of parallel trends is met for model (2). Panel A and Panel B correspond to model (3), with Green_Pi,t+1
and Green_Invi,t+1 as dependent variables, respectively. The horizontal coordinates are the time points for each year before and after the implementation of the ESOP,
and the vertical coordinates correspond to the values of the solid dots in blue, which measure the coefficients of the time-based dummy variables in the model (3).
The vertical blue solid line identifies the significance level of the coefficients on the time-based dummy variables at each time point. If the vertical blue solid line does
not cross the horizontal line of zero, the coefficient on the dummy variable is significant at the 10 % level or above. All regressions are estimated based on weights
(_weight) taken from the propensity score match. Standard errors for all regressions are clustered at the firm level. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

11 Some control group companies may have multiple observations in the same
pre-implementation year with the same artificial implementation date and
duration period because of the one-to-three putback PSM technique. We keep
the selected pseudo treatment group companies with different (artificial)
implementation dates and duration periods when randomly selecting.
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modify the PSM conditions and use the one-to-one without replacement
method of nearest-neighbour matching as a robustness check.

Table 8 presents the results of this robustness check. Panel A shows
the t-tests for the mean of the covariates between the treatment and
control groups after matching and finds that none are significant. Panel
B shows the regression results after modifying the PSM conditions. We
find that firms in the treatment group experienced a significant increase
in green innovation after the implementation of ESOPs.

4.5. Heckman two-stage model

We construct the Heckman treatment effect model (5) to test for
possible self-selection problems. We use two instrumental variables as
exogenous variables: IV1i,t-1 is the percentage of firms implementing
ESOPs in the industry to which the focal firm belongs in the previous
year, and IV2i,t-1 is the capital size of the ESOPs implemented by each
industry in each city to the total size of the ESOPs implemented in that
industry in the previous year. We select IV1i,t-1 and IV2i,t-1 as the
instrumental variables for two main reasons. First, rivals in the same

industry or region influence each other through competition (Durnev
and Mangen, 2020) and imitation (Aerts et al., 2006). Therefore, a high
implementation ratio within an industry may lead to an increasing trend
of ESOP adoption by firms within the industry. In particular, when the
size of ESOPs within an industry in a city is large relative to that industry
as a whole, companies without an ESOP are likely to have strong in-
centives to adopt an ESOP. Hence, we anticipate that IV1i,t-1 and IV2i,t-1
may have strong explanatory power on ESOPs, which we test in model
(5). Second, an industry’s ESOP adoption ratio and the region’s ESOP
size are exogenous indicators that cannot be directly influenced by a
single company and do not directly affect corporate green innovation.

Probit(ESOPi) = α0 +α1IV1i,t− 1 +α2IV2i,t− 1 +
∑19

k=1
βkCONTROLi,t,k + IND

+YEAR+ ε
(5)

Using ESOPi as the dependent variable and IV1i,t-1 and IV2i,t-1 as the
independent variables, we construct a model (5) for Heckman selection

Fig. 3. Placebo test.
Notes: Placebo tests for model (2) are presented in the figure. The horizontal coordinate measures the coefficient of the independent variable ESOPi × POST_Implei,t.
The vertical coordinate on the left measures the significance of the coefficient on the independent variable ESOPi × POST_Implei,t, while the vertical coordinate on the
right measures the kernel density of the coefficient on the variable ESOPi × POST_Implei,t. The red dashed line horizontally refers to the 10 % significance level, while
the red dashed line vertically refers to the corresponding coefficient of the independent variable ESOPi × POST_Implei,t. in model (2). Standard errors for all re-
gressions are clustered at the firm level. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 7
Entropy balancing.

Panel A: The difference between treatment and control groups before and after the entropy balancing

Variable ESOPi = 1 PRE POST

ESOPi = 0 S.D. ESOPi = 0 S.D.

Mean Var. Skewness Mean Var. Skewness Diff. Mean Var. Skewness Diff.

SIZEi,t 22.185 1.320 0.711 22.207 1.768 0.594 − 0.020 22.185 1.320 0.711 0.000
LEVi,t 0.412 0.041 0.288 0.452 0.045 0.213 − 0.202 0.412 0.041 0.288 0.000
ROAi,t 0.041 0.004 − 2.415 0.031 0.005 − 2.322 0.154 0.041 0.004 − 2.415 0.000
GROWTHi,t 0.229 0.222 4.154 0.183 0.278 4.187 0.099 0.229 0.222 4.154 0.000
SALESPPi,t 13.742 0.715 0.602 13.792 0.781 0.554 − 0.059 13.742 0.715 0.603 0.000
FIXEDPPi,t 12.342 1.050 − 0.242 12.589 1.356 − 0.093 − 0.241 12.342 1.050 − 0.242 0.000
LOSSi,t 0.077 0.071 3.169 0.117 0.103 2.382 − 0.150 0.077 0.071 3.169 0.000
RNDi,t 0.042 0.002 2.112 0.033 0.002 2.530 0.219 0.042 0.002 2.112 0.000
AGEi,t 2.028 0.476 − 0.193 2.264 0.571 − 0.595 − 0.343 2.028 0.476 − 0.193 0.000
FIRMAGEi,t 2.793 0.134 − 0.754 2.889 0.111 − 0.973 − 0.262 2.793 0.134 − 0.754 0.000
SOEi,t 0.139 0.120 2.085 0.442 0.247 0.232 − 0.876 0.139 0.120 2.085 0.000
CEO_SHRi,t 0.070 0.016 2.044 0.041 0.010 2.881 0.229 0.070 0.016 2.044 0.000
EXC_SHRi,t 0.099 0.024 1.735 0.059 0.016 2.550 0.261 0.099 0.024 1.735 0.000
INSi,t 0.396 0.061 0.093 0.452 0.058 − 0.177 − 0.228 0.396 0.061 0.093 0.000
BOARDi,t 2.229 0.026 − 0.366 2.251 0.033 − 0.173 − 0.136 2.229 0.026 − 0.366 0.000
INDEi,t 0.377 0.003 1.273 0.375 0.003 1.391 0.038 0.377 0.003 1.273 0.000
SHAREBALANCEi,t 0.768 0.341 1.217 0.686 0.351 1.283 0.142 0.768 0.341 1.217 0.000
WAGEi,t 9.194 1.108 − 0.510 9.307 1.267 − 0.526 − 0.107 9.194 1.108 − 0.510 0.000
INTCONi,t 6.459 1.730 − 3.295 6.203 3.000 − 2.624 0.195 6.459 1.730 − 3.295 0.000

Panel B: Test before (Full Sample) and after entropy balancing

Full Sample Entropy balancing

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

Green_Pi,t+1 Green_Invi,t+1 Green_Pi,t+1 Green_Invi,t+1

ESOPi × POST_Implei,t 0.059*** 0.031* 0.067*** 0.044**
(2.66) (1.70) (2.95) (2.35)

CONTROLS Yes Yes Yes Yes
FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 24,471 24,471 24,471 24,471
adj. R2 0.650 0.633 0.648 0.629

Notes: The table shows the matches for entropy matching, tests based on the full sample, and tests based on the full sample with entropy matching. Panel A shows the differences in control variables between the treatment
and control groups before and after entropy matching. Columns (1) and (2) in Panel B show the results of model (4) before entropy matching, whereas columns (3) and (4) show the results of model (4) after entropy
balancing. The definitions of all variables can be found in Panel A of Appendix A. T-values are shown in parentheses. *, **, and *** represent 10 %, 5 %, and 1 % levels of significance, respectively. Regressions of entropy
balancing are estimated based on weights (pweight) taken from the entropy balancing estimation. Standard errors for all regressions are clustered at the firm level.
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testing with industry and year-fixed effects. Model (5) uses a probit
regression with the same control variables as model (2), and the results
are presented in column (1) of Table 9. IMRi,t is obtained from the first-
stage regression (model (5)), and we add it to model (2) as the second
stage of the Heckman selection test. The results of the second stage are
presented in columns (2)–(3) of Table 9. In column (1), the coefficients
of both IV1i,t-1 and IV2i,t-1 are positive and significant, indicating the
strong explanatory power of the IVs for the tendency of companies to
implement ESOPs. In columns (2)–(3), the baseline test results persist
after considering the self-selection problem by controlling IMRi,t, which
indicates that our main test is robust. In addition, the coefficients of
IMRi,t are not significant, which indicates that self-selection problems
are unlikely to influence our study.

4.6. Omitted variable test

We follow Oster (2019) to test omitted variable bias in the basic
model. We assume that there is an omitted variable of comparable
importance to ESOPi × POST_Implei,t in the model (2). The R2 of the
model (2) becomes 1.3 times better after adding the omitted variable.
We test the intervals for the true coefficient of ESOPi × POST_Implei,t
after including the omitted variable, using Green_Pi,t+1 and Green_Invi,t+1
as the dependent variables. As shown in Table 10, the intervals for the
true coefficients of ESOPi × POST_Implei,t are [0.080, 0.091] and
[0.0449, 0.0452] for the two dependent variables, respectively, which
are included in the 99.5 % confidence interval for the coefficients of
ESOPi × POST_Implei,t without the critical omitted variable. Moreover,
after adding the omitted variable, the true interval of ESOPi × POST_-
Implei,t does not contain zero. This indicates that the coefficients of
ESOPi × POST_Implei,t remain positive after including the important
omitted variable. For these reasons, the possibility that an important

Table 8
Alternative techniques of propensity score matching.

Panel A: Differences in covariates between the treatment and control groups after PSM

Variables Treatment Control Diff.

(N = 467) (N = 467) T-Value

SIZEi,t-1 22.16 22.11 0.617
LEVi,t-1 0.395 0.385 0.792
ROAi,t-1 0.048 0.046 0.629
GROWTHi,t-1 0.293 0.293 − 0.005
SALESPPi,t-1 13.71 13.72 − 0.193
FIXEDPPi,t-1 12.41 12.39 0.266
LOSSi,t-1 0.045 0.044 0.363
RNDi,t-1 0.047 0.049 − 0.153
AGEi,t-1 1.956 1.895 1.304
FIRMAGEi,t-1 2.797 2.779 0.806
SOEi,t-1 0.120 0.139 − 0.876
CEO_SHRi,t-1 0.083 0.079 0.390
EXC_SHRi,t-1 0.115 0.111 0.327
INSi,t-1 0.383 0.399 − 0.957
BOARDi,t-1 2.223 2.226 − 0.249
INDEi,t-1 0.377 0.378 − 0.405
SHAREBALANCEi,t-1 9.23 9.219 0.162
WAGEi,t-1 0.765 0.776 − 0.304
INTCONi,t-1 6.544 6.549 − 0.076

Panel B: Regression results after ‘one-to-one, without replacement’ PSM

(1) (2)

Green_Pi,t+1 Green_Invi,t+1

ESOPi × POST_Implei,t 0.077** 0.049*
(2.33) (1.87)

POST_Implei,t − 0.007 − 0.001
(− 0.23) (− 0.02)

CONTROLS Yes Yes
FIRM FE Yes Yes
YEAR FE Yes Yes
N 7270 7270
adj. R2 0.661 0.653

Notes: The table shows the differences in covariates and regression results under
the ‘one-to-one, without replacement’ propensity score matching. Panel A shows
the differences in the mean values of the covariates between the treatment and
control groups after propensity score matching. Panel B shows the results of
model (2) after propensity score matching for ‘one to one, no put-back. The
definitions of all variables can be found in Panel A of Appendix A. T-values are
shown in parentheses. *, **, and *** represent 10 %, 5 %, and 1 % levels of
significance, respectively. All regressions are estimated based on weights
(_weight) taken from the propensity score match. Standard errors for all re-
gressions are clustered at the firm level.

Table 9
Heckman two stage.

(1) (2) (3)

ESOPi Green_Pi,t+1 Green_Invi,t+1

ESOPi × POST_Implei,t 0.076** 0.047*
(2.36) (1.88)

POST_Implei,t − 0.004 0.007
(− 0.18) (0.43)

IV1i,t-1 1.555**
(2.17)

IV2i,t-1 1.630***
(13.76)

IMRi,t 0.040 0.040
(0.37) (0.48)

CONTROLS Yes Yes Yes
FIRM FE Yes Yes Yes
YEAR FE No Yes Yes
IND FE Yes No No
N 14,935 14,924 14,924
pseudo R2 0.027 – –
adj. R2 – 0.681 0.674

Notes: The table shows the tests for self-selection problems for our sample.
Column (1) shows the first stage of the treatment effects model, while columns
(2) and (3) show the second stage of the treatment effects model. The definitions
of all variables can be found in Panel A of Appendix A. Z-values are shown in
parentheses in column (1) and T-values are shown in parentheses in columns (2)-
(3). *, **, and *** represent 10 %, 5 %, and 1 % levels of significance, respec-
tively. All regressions are estimated based on weights (_weight) taken from the
propensity score match. Standard errors for all regressions are clustered at the
firm level.

Table 10
Omitted variables test.

Green_Pi,t+1 Green_Invi,t+1

1.3 R2; δ = 1
Estimated β from Eq.
(2) = 0 1.3 R2; δ = 1

Estimated β from Eq.
(2) = 0

‘True’ β
Bound
[0.080,
0.091]

δ
− 49.245

‘True’ β
Bound
[0.0449,
0.0452]

δ
9.791

Notes: The table shows the tests for omitted variables of model (2). The defi-
nitions of all variables can be found in Panel A of Appendix A. T-values are
shown in parentheses. *, **, and *** represent 10 %, 5 %, and 1 % levels of
significance, respectively. All regressions are estimated based on weights
(_weight) taken from the propensity score match. Standard errors for all re-
gressions are clustered at the firm level.
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omitted variable exists is low, indicating that our model is robust.
Next, we test the importance of the omitted variable relative to

ESOPi × POST_Implei,t based on the assumption that the coefficient of
ESOPi × POST_Implei,t becomes zero or negative after including the
omitted variable. Oster (2019) argues that if the absolute value of the
relative importance of the omitted variable is greater than one, there is a
low possibility that the omitted variable exists. We find that the values of
the relative importance of the omitted variable are − 49.245 and 9.791
in our study, which strongly rejects the assumption that important
variables are omitted in the basic model.

4.7. Additional robustness tests

In this section, we present additional untabulated analyses to ensure
the robustness of our results. First, we employed diverse alternative
methodologies to measure corporate green innovation: (1) we addi-
tionally add green and green invention patents that companies joint
applied with other entities to calculate corporate green and green in-
vention innovation; (2) we use the number of green patents granted as
an alternative measure of corporate green innovation (Liu and Li, 2022);
(3) we use the number of patent citations as an alternative measure of
green innovation (Kim and Valentine, 2021); (4) we use the number of
green utility patents as an alternative measure of green innovation. Our
untabulated results indicate a significant increase in green innovation
after the implementation of an ESOP.

Second, the distribution of industries in our sample demonstrates
that although most industries in China engage in green innovation to
some extent, green innovation is most prevalent in the manufacturing
sector (Jiang and Bai, 2022). Following the literature (Quan et al.,
2023), we restrict the sample to the manufacturing industry for
robustness testing. The untabulated results show that our main findings
hold when the sample is restricted to the manufacturing industry.

Next, we modify the baseline model (2) using two approaches to test

the robustness of the main findings. For one, we modify model (2) to a
Tobit model restricted on the left. For two, we refer to the PSM tech-
nique of Chan et al. (2013), which uses the same staggered DiD method
as model (2) but removes the dummy variable POST_Implyi,t. Our unta-
bulated results show the main findings hold after modifying the basic
model.

Finally, we examine the impact of the SDGs on the relationship be-
tween ESOP and green innovation. In September 2015, the United Na-
tions adopted the 2030 Agenda for Sustainable Development, where the
Sustainable Development Goals (SDGs) were formulated and adopted.12

The SDGs encompass three key dimensions: social, economic, and
environmental, and comprise 17 global development goals aimed at
guiding global development efforts from 2015 through 2030. Following
the release of the SDGs, China has been dedicated to their imple-
mentation, both in terms of action and policymaking. For instance, in
April 2016, the Ministry of Foreign Affairs of the People’s Republic of
China issued “China’s Position Paper on the Implementation of the 2030
Agenda for Sustainable Development”.13 The SDGs’ introduction and
enforcement may increase environmental regulatory pressures on firms,
prompting green innovation to comply with regulations. Industries like
manufacturing and high-pollution sectors are significantly affected, and
these firms make up a substantial part of our sample. The SDGs’ adop-
tion in 2015 aligns with the rise of ESOPs among Chinese listed com-
panies starting in 2014. A concern is that our study’s main findings could
be due to SDGs’ influence on green innovation, not ESOPs. We construct
the model (6) to empirically assess the SDG’s impact.

Green Pi,t+1
⃒
⃒Green Invi,t+1 = α0 +α1SDGi,t ×ESOPi ×POST Implyi,t

+ α2SDGi,t ×POST Implyi,t +α3SDGi,t

+ α4ESOPi ×POST Implyi,t + α5POST Implyi,t

+
∑19

k=1

βkCONTROLi,t,k + FIRM+YEAR+ ε

(6)

The dummy variable SDGi,t is assigned a value of 1 for enterprises in
the manufacturing or high-pollution sectors during the period post-
2015, and 0 for all other cases. SDGi,t, along with its interaction with
the terms ESOPi × POST_Implyi,t and POST_Implyi,t, are integrated into
model (2). In the untabulated results, it is observed that the coefficient of
SDGi,t × ESOPi × POST_Implyi,t is insignificant, indicating that the
execution of the SDGs does not substantially influence the findings of
this study.

5. Mechanism tests

We have determined that ESOPs can increase corporate green
innovation over their duration. However, the potential mechanism re-
mains unclear. First, innovation requires that companies take risks
(Chang et al., 2015), but management may be risk-averse and oppose
R&D innovation to safeguard their personal interests (John et al., 2008).
This phenomenon is increasingly prevalent in relation to green inno-
vation. Although green innovation has positive environmental exter-
nalities (Xie and Teo, 2022), it involves high risks and inputs (Berrone
et al., 2013; Kopyrina et al., 2023) and makes it difficult to reap im-
mediate benefits (Zhao et al., 2023). Consequently, the risks for com-
panies and executives to innovate green innovation are even more
severe than for other types of innovation.

Although employees are key participants in corporate production
and operations who receive valuable first-hand information (Babenko
and Sen, 2016), they lack the power and earnings incentives to work

Table 11
Mechanism test.

Risk-taking Employees’ productivity

(1) (2) (3)

RISKi,t+1 EMP_PROD1i,t+1 EMP_PROD2i,t+1

ESOPi × POST_Implei,t 0.002** 0.005** 0.002*
(2.26) (2.12) (1.94)

POST_Implei,t − 0.000 − 0.002 − 0.000
(− 0.59) (− 1.33) (− 0.13)

CONTROLS Yes Yes Yes
FIRM FE Yes Yes Yes
YEAR FE Yes Yes Yes
N 16,839 16,336 16,336
adj. R2 0.621 0.581 0.594

Notes: The table shows the results of the mechanism tests. Column (1) shows the
mechanism test of corporate risk-taking as well as columns (2)–(3) show the
mechanism tests of green innovation productivity. When using RISKi,t+1 as the
dependent variables, firm size (SIZEi,t), leverage (LEVi,t), return on assets (ROAi,

t), sales growth (GROWTHi,t), whether the firm is loss-making (LOSSi,t), fixed
assets ratio (TANGIBLESi,t), cash holding (CASHi,t), cash flow (CFOi,t), capital
expenditure (CAPEXi,t), investment in research and development (RNDi,t), years
since the listing date of the firm (AGEi,t), firm age (FIRMAGEi,t), nature of
property rights (SOEi,t), CEO shareholding (CEO_SHRi,t), institutional share-
holding (INSi,t), board size (BOARDi,t), the proportion of independent directors
(INDEi,t), compensation of top3 executives (Top3Salaryi,t) and the level of in-
ternal control (INTCONi,t) are used as the control variables. When the dependent
variables are EMP_PROD1i,t+1and EMP_PROD2i,t+1, the control variables are the
same as model (2). The definitions of all variables can be found in Panel A of
Appendix A. T-values are shown in parentheses. *, **, and *** represent 10 %, 5
%, and 1 % levels of significance, respectively. All regressions are estimated
based on weights (_weight) taken from the propensity score match. Standard
errors for all regressions are clustered at the firm level.

12 For more detail, see https://sdgs.un.org/2030agenda.
13 For more detail, see https://www.mfa.gov.cn/web/ziliao_674904/zt_6749
79/dnzt_674981/qtzt/2030kcxfzyc_686343/zw/201604/t20160422_9279988.
shtml.
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hard to use their internal information for supervision purposes. By
granting employees ownership, ESOPs give them greater management
power and combine employees’ earnings with longer-term corporate
development (Aubert et al., 2017). ESOPs improve employees’ motiva-
tion and abilities to co-monitor executives (Kim and Ouimet, 2014).
Consequently, ESOPs could aid in restricting executives’ suboptimal
decisions relevant to green innovation stemming from risk aversion
(Chen et al., 2020).

Furthermore, green innovation requires employees to work hard and
avoid free riding. Profit-sharing through ESOPs arouses executives’
initiative (Kandel and Lazear, 1992), which can alleviate free riding by
employees (Chang et al., 2015) and thus improve their productivity in
green innovation (Jones and Kato, 1995). In summary, ESOPs may boost
corporate green innovation through mechanisms such as restricting
executives’ risk aversion and reducing employees’ free riding.

We use corporate risk-taking to measure the extent of executives’ risk
aversion and green innovation outputs per employee in the ESOP to
calculate employee productivity in green innovation. Using risk-taking

(RISKi,t+1) and employee efficiency in green innovation (EMP_PROD1i,
t+1, EMP_PROD2i,t+1) as the dependent variables, we construct DiD
model (7) to test the mechanisms. The key variables ESOPi and POST_-
Implyi,t in the model (7) are defined as before, and the regression results
are presented in Table 11.

RISKi,t+1
⃒
⃒EMP PRODi,t+1 = α0 + α1ESOPi × POST Implyi,t

+ α2POST Implyi,t + CONTROLS+ FIRM

+ YEAR+ ε
(7)

RISKi,t+1 refers to the annualised standard deviation of weekly stock
returns. Next, we measure employee productivity in green innovation as
the ratio of the number of green patents to the number of employees in
the ESOP (EMP_PROD1i,t+1) and the number of green invention patents
to the number of employees in the ESOP (EMP_PROD2i,t+1).

Table 11 reports the results of the mechanism tests. Columns (1)
shows that the ESOPs implemented by companies can facilitate

Table 12
Cross-sectional tests.

Panel A: SOE vs Non-SOE

Dep. Var Green_Pi,t+1 Green_Invi,t+1

(1) SOEi,t = 1 (2) SOEi,t = 0 (3) SOEi,t = 1 (4) SOEi,t = 0

ESOPi × POST_Implei,t 0.045 0.104*** 0.003 0.058**
(0.59) (3.01) (0.05) (2.21)

POST_Implei,t − 0.038 − 0.006 − 0.013 0.007
(− 0.81) (− 0.24) (− 0.32) (0.36)

CONTROLS Yes Yes Yes Yes
FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 2525 14,752 2525 14,752
adj. R2 0.773 0.644 0.767 0.635

Panel B: high CEO power vs low CEO power

Dep. Var Green_Pi,t+1 Green_Invi,t+1

(1) CEO_Poweri,t High (2) CEO_Poweri,t Low (3) CEO_Poweri,t High (4) CEO_Poweri,t Low

ESOPi × POST_Implei,t 0.085* 0.138*** 0.032 0.077**
(1.93) (3.07) (0.96) (2.18)

POST_Implei,t − 0.023 0.009 0.001 0.020
(− 0.85) (0.30) (0.05) (0.85)

CONTROLS Yes Yes Yes Yes
FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 9288 7500 9288 7500
adj. R2 0.694 0.675 0.685 0.679

Panel C: pollute industries vs non-pollute industries

Dep. Var Green_Pi,t+1 Green_Invi,t+1

(1) Pollute industries (2) Non-pollute industries (3) Pollute industries (4) Non-pollute industries

ESOPi × POST_Implei,t 0.132** 0.067** 0.078 0.036
(2.16) (2.16) (1.48) (1.48)

POST_Implei,t − 0.039 0.007 − 0.003 0.009
(− 1.31) (0.44) (− 0.10) (0.67)

CONTROLS Yes Yes Yes Yes
FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 2415 14,882 2415 14,882
adj. R2 0.713 0.654 0.734 0.639

Notes: The table reports the results of cross-sectional tests. Panel A shows the differences between state-owned and non-state-owned enterprises in terms of the impact
of ESOP on corporate green innovation, while Panel B shows the differences in main results between enterprises with high and low CEO power, and Panel C shows the
differences in main results between enterprises in heavy and low polluting industries. The definitions of all variables can be found in Panel A of Appendix A. T-values
are shown in parentheses. *, **, and *** represent 10%, 5%, and 1% levels of significance, respectively. All regressions are estimated based on weights (_weight) taken
from the propensity score match. Standard errors for all regressions are clustered at the firm level.
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corporate risk-taking in long-term investments involving high risks and
high rewards. Columns (2)–(3) show that ESOPs significantly improve
employee productivity in green innovation, both in terms of green and
green invention patent applications. These results strongly support the
hypothesis above.

6. Cross-sectional tests

6.1. The nature of property rights

The nature of property rights may influence the relationship between
ESOPs and corporate green innovation, that is, whether enterprises are
state-owned or have other ownership types. SOEs have a stronger
incentive to engage in green innovation than non-SOEs. Indeed,
although SOEs are profit-seeking, they are also required to promote
government goals, such as environmental improvement and pollution
reduction. Chang et al. (2015) argue that companies with a higher
proportion of state ownership are more likely to comply with
government-initiated corporate social responsibility (CSR) requirements
and to increase CSR spending compared with other companies. The
report of the 20th National Congress of the Communist Party of China
(Xi, 2022) established overall goals for China’s development by 2035,14

including that ‘a green production and lifestyle should be widely

formed, carbon emissions should be steadily reduced after reaching the
peak, the ecological environment should be fundamentally improved,
and the goal of a beautiful China should be basically achieved’. In
response to national policy guidance, SOEs are more likely than other
companies to proactively implement green innovation strategies for the
sustainable development of their enterprises and the reduction of envi-
ronmental pollution. ESOPs motivate employees to actively engage in
corporate operations and governance by giving them ownership and a
‘voice’ through shareholding, which enhances their monitoring capa-
bility. Thus, although SOEs may be more likely to engage in green
innovation than non-SOEs, the ability of ESOPs to enhance corporate
green innovation may be limited in SOEs, given that green innovation is
already at a higher level than in non-SOEs, resulting in a weaker
governance role for ESOPs than in non-SOEs. Thus, how the nature of
property rights affects the relationship between ESOPs and green
innovation is tested for various groups.

Using the nature of property rights as the grouping criterion, we
examine the impact of ESOPs on corporate green innovation in the SOE
and non-SOE subsamples, respectively. According to the findings in
Panel A of Table 12, the promotion effect of ESOPs on corporate green
innovation is stronger in non-SOEs than in SOEs.

6.2. CEO power

We examine how CEO power influences the effect of ESOPs on green
innovation, given that the CEO plays a crucial role in the strategic de-
cisions of the firm (Finkelstein, 1992). Especially when CEO power is
high, CEOs have strong discretionary power over corporate decisions
and even influence executives’ group decision-making (Adams et al.,
2005). In contrast, employees’ ability to influence corporate decisions is
constrained by their relatively small equity holdings through ESOPs.
Furthermore, studies indicate that more powerful CEOs focus more on
innovation projects than CEOs with less power, who fear dismissal for
declining short-term performance if they adopt long-term goals. Thus,
firms with more powerful CEOs tend to invest more in high-risk projects
(such as greater innovation) than firms with weaker CEOs. Furthermore,
CEOs can improve their reputation and status among stakeholders
through environmental innovation (Zhang et al., 2022). Zhao and Qu
(2023) provide evidence supporting the point that higher CEO power is
conducive to promoting corporate green innovation. Thus, as the power
of a CEO increases, so does the initial level of green innovation, resulting
in a diminished capacity for employees to enhance these aspects.
Consequently, ESOPs may be less effective in promoting green innova-
tion in such firms than in firms with less powerful CEOs.

Following Finkelstein (1992), we identify four aspects of CEO power:
structural, ownership, expert, and prestige power. We construct eight
dummy variables to identify the four dimensions of CEO power (Zhang
et al., 2022). Duali,t and Insider-Directori,t refer to the CEO’s structural
power. Duali,t takes a value of 1 if the CEO is also the chairman of the
board, and zero otherwise, and Insider-Directori,t equals one if the CEO is
an internal director, and zero otherwise. CEO_SHRi,t and Institute_sharei,t
are constructed to identify the ownership power of the CEO. CEO_SHRi,t
equals one if the CEO holds shares in the firm, and zero otherwise.
Institute_sharei,t equals one if the firm’s institutional shareholding is
below themedian industry shareholding, and zero otherwise. Ranki,t and
Tenurei,t are constructed to identify the CEO’s expert power. Ranki,t
equals one if the CEO has a senior professional title, and zero otherwise.
Tenurei,t equals one if the CEO’s tenure exceeds the median of the in-
dustry, and zero otherwise. Finally, Degreei,t and Part-time jobi,t identify
the CEO’s prestige power. Degreei,t equals one if the CEO has a master’s
degree or higher educational qualifications, and aero otherwise. Part-
time jobi,t equals one if the CEO holds part-time jobs outside the firm, and
zero otherwise.

Using principal component analysis, we obtain three principal
components with eigenvalues greater than one among the eight dummy
variables and fit an indicator of CEO power, CEO_Poweri,t, according to

Table 13
Features of ESOPs and the impact of the ESOPs on companies’ environmental
performance.

Whether the ESOP is self-
administered

(1) (2) (1)
Green_Increasei
= 1

(2)
Green_Increasei
= 0

Green_Pi,
t+1

Green_Invi,
t+1

oprobit(ENVi,

t+1)
oprobit(ENVi,

t+1)

Self_1i ×
POST_Implei,t

0.052 0.032

(1.33) (1.01)
Self_2i ×
POST_Implei,t

0.111*** 0.062**

(3.18) (2.28)
ESOPi ×
POST_Implei,t

0.442*** 0.259

(3.04) (0.99)
POST_Implei,t − 0.008 0.004 − 0.006 0.350**

(− 0.38) (0.25) (− 0.05) (2.28)
CONTROLS Yes Yes Yes Yes
FIRM FE Yes Yes Yes Yes
YEAR FE Yes Yes Yes Yes
N 17,311 17,311 2937 1181
adj. R2 0.664 0.658 – –
pseudo R2 – – 0.265 0.267

Notes: In the table, Columns (1)–(2) show the impact of whether the employee
self-administered ESOP on the ESOPs’ ability to increase the number of green
patent and green invention patent applications in the following year. Columns
(3)–(4) show the results of the ordered logit model (9) in the sub-groups
Green_Increasei = 1 and Green_Increasei = 0, which further explore how the
impact of the ESOP on corporate green innovation further affects environmental
performance and the willingness to report information related to the environ-
ment and substantial. The definitions of all variables can be found in Panel A of
Appendix A. T-values are shown in parentheses in columns (1)-(2) and Z-values
are shown in parentheses in columns (3)-(4). *, **, and *** represent 10 %, 5 %,
and 1 % levels of significance, respectively. All regressions are estimated based
on weights (_weight) taken from the propensity score match. Standard errors for
all regressions are clustered at the firm level.

14 For more details, see http://www.gov.cn/xinwen/2022-10/25/content_572
1685.htm.
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the weights of the principal components. A higher (lower) value of
CEO_Poweri,t indicates a more (less) powerful CEO. We examine the
impact of ESOPs on corporate green innovation separately within
different groupings using the median of CEO_Poweri,t in the same in-
dustry each year as the grouping criterion. As shown in Panel B of
Table 12, the contribution of ESOPs to corporate green innovation is
only significant in the sample with less CEO power. Therefore, high CEO
power may restrict the potential for ESOPs to promote corporate green
innovation.

6.3. Heavily polluting industries

As discussed, ESOPs can increase green innovation by motivating
executives’ risk-taking and reducing employees’ free riding, and these
effects may be stronger in heavily polluting industries. As the main
source of environmental pollution, heavily polluting industries are more
accountable for environmental issues than other industries. As public,
government, and media concerns over resource exhaustion and envi-
ronmental pollution grow, they experience greater public pressure than
other industries (C. Hu et al., 2021), and they have more incentive to
ease the pressure by increasing green investment (Gu et al., 2021),
which created a compelling need to actively explore and adopt advanced
technologies that effectively reduce pollution emissions and enhance
resource efficiency (Zor, 2023). Moreover, employees in the heavily
polluted industry care more about their health. They could be more
proactive in green innovation once they have the capability to affect
corporate decision-making. For the reasons above, employees in heavily
polluting industries are more likely to actively promote corporate green
innovation than employees in other industries. Especially when ESOPs
give them responsibility for governance to foster long-term corporate
growth, react to market pressures, and maintain their corporation’s
reputation. Accordingly, we examine the impact of ESOPs on corporate
green innovation for groups that vary depending on whether the com-
pany belongs to a heavily polluting industry.

The classification of heavily polluting industries is based on the
definition in the Industry Classification and Management Directory for
Environmental Verification of Listed Companies, issued by the Ministry of
Environmental Protection of China.15 We examine the impact of ESOPs
on corporate green innovation in polluting and non-polluting industries.
Columns (1)–(4) of Panel C of Table 12 show the results. Although the
effect of ESOPs on firms’ green invention patents is not significant in
both polluting and non-polluting industries in columns (3)–(4), they are
both significant in both polluting and non-polluting industries in col-
umns (1)–(2), and there are more (less) green patents and green in-
vention patents in firms with ESOPs that belong to polluting (non-
polluting) industries.

7. Additional tests

7.1. Heterogeneity tests for whether ESOPs are self-administered by
employees

Companies implement two types of management of the ESOPs: self-
management and delegated management. Under self-managed ESOPs,
dominant shareholders may influence and even restrict the voting rights
of employee shareholdings, resulting in restricted co-monitoring by
employees. Conversely, when ESOPs are managed by professional asset
management organisations, employees are more likely to actively ex-
ercise their voting rights and promote green innovation within their
company.

Green Pi,t+1
⃒
⃒Green Invi,t+1 = α0 +α1Self 1i ×POST Implyi,t +α2Self 2i

×POST Implyi,t +α3POST Implyi,t

+
∑19

k=1

βkCONTROLi,t,k + FIRM+YEAR+ ε

(8)

We construct Self_1i and Self_2i to classify the ESOPs implemented by
companies in the treatment group as self-managed and managed by
professional asset management organisations. When the ESOPs imple-
mented by companies in the treatment group are self-managed (dele-
gated), Self_1i (Self_2i) takes a value of 1, and 0 otherwise. Self_1i and
Self_2i are both 0 for the control group firms. Replacing ESOPi in the
model (2) with Self_1i and Self_2i, we construct the model (8). The results
are shown in columns (1)–(2) of Table 13. We find that ESOPs involving
delegated (self-) management have a stronger (weaker) effect on pro-
moting green innovation.

7.2. Eliminating the confounded effects of firms adopting multiple ESOPs
in various years

Multiple ESOPs may be implemented by various companies within a
single year, potentially complicating the preliminary conclusions drawn
in Section 7.1. These sections focus on analyzing the characteristics of
the initial ESOP adopted by companies. Specifically, if a company
routinely offers a range of ESOPs to both current and new employees, it
becomes challenging to precisely attribute green innovation to a
particular ESOP that is currently in force or has been exercised. This
difficulty arises because these plans may be managed under various
approaches.

Of the 991 ESOPs that were successfully executed between 2014 and
2020, as recorded in the CNRDS database, 289 were subsequent ESOPs
for the companies involved. For those companies that introduced ESOPs
more than once during the sample period, we exclude all observations
from their second ESOP implementation until the end of the sample
period. Utilizing this refined dataset, we re-examine the tests in Section
7.1. The untabulated results confirm that the presamble results remain
consistent when observations are only influenced by the companies’
initial ESOP.

7.3. The impact of ESOPs on companies’ environmental performance

Improving environmental pollution caused by production and pro-
moting sustainable development are the original purposes of green
innovation (Zhou et al., 2021a; Cui et al., 2023). Therefore, if a company
engages in high-quality green innovation, it will contribute to improving
its environmental performance. Therefore, we further explore the
impact of ESOPs on the environmental performance of companies.
Suppose the green innovation activities promoted by ESOPs do
contribute to companies’ sustainable development. In that case, envi-
ronmental performance will be better (worse) among companies that
have (have not) increased green innovation after implementing their
ESOPs. To calculate environmental performance, we construct an indi-
cator of environmental advantages using the environment, social, and
governance (ESG) ratings in the CNRDS database. We introduce six
dummy variables to measure environmental advantages, such as
whether the firm has products that benefit the environment or obtained
environmental certification that year. We sum the values of these
dummy variables to construct the indicator ENVi,t+1, which measures
each firm’s environmental performance.

oprobit
(
ENVi,t+1

)
= α0 + α1ESOPi ×POST Implyi,t +α2POST Implyi,t
+CONTROLS+ FIRM+YEAR+ ε

(9)

We introduce an ordered probit model (9) to investigate the impact
15 More details, please see https://www.gov.cn/gzdt/2008-07/07/content_10
38083.htm.
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of ESOPs on corporate environmental performance and willingness to
disclose environmental information. Green_Increasei is constructed to
measure the trend of Green_Pi,t+1 across the pre- to post-implementation
periods of the ESOP. If the mean value of Green_Pi,t+1 after implementing
the ESOP is higher than that of before, Green_Increasei equals one, and
zero otherwise. The definitions of ESOPi and POST_Implyi,t are the same
as before. As Table 13 columns (3)–(4) show, ESOPs improve com-
panies’ environmental performance when the companies increase their
number of green patent applications after implementing ESOPs.

8. Conclusion

The question of how companies can achieve sustainability and
address climate change has become urgent. In terms of product design
and service delivery, innovation, particularly green innovation, is well
documented as a key to enhancing a firm’s capability to address envi-
ronmental issues. Considering the long-term and highly uncertain na-
ture of green innovation and the considerable externalities involved, it is
challenging to design incentive mechanisms to promote corporate
innovation activities (Chang et al., 2015). Our study bridges a gap in the
literature by investigating whether and how ESOPs can be an efficient
mechanism that promotes corporate green innovation.

Based on a large sample of Chinese listed firms during the
2010–2020 period, we use a time-varying DiD model to provide solid
causal evidence of the positive and significant impact of ESOPs on
corporate green innovation. Our results are robust after addressing po-
tential endogeneity issues through parallel trend, placebo, and omitted
variable tests. The results remain robust after using entropy balancing
and PSM techniques, a Heckman two-stage model, and alternative
model specifications. We find that the underlying mechanisms through
which ESOPs promote firms’ green innovative practices are enhanced
risk-taking capability and increased employee productivity in green
innovation. To provide in-depth insights into variations in the rela-
tionship between ESOP adoption and corporate green innovation, we
conduct a series of cross-sectional analyses by considering the nature of
property rights, CEO characteristics, industry features, and types of
ESOP management. In addition, we find that companies with increased
green innovation after adopting an ESOP experience an improvement in
environmental performance. To the best of our knowledge, our study is
the first to comprehensively investigate the real impact of ESOPs on
corporate green innovation practices.

This study’s empirical evidence has important implications for
corporate strategic management regarding the design of incentive
mechanisms to address climate change and for policymakers and regu-
lators concerning how to improve and regulate ESOP programmes. Our
study is based on the Chinese setting, so the results may not necessarily
be generalisable to other settings. Yet, we believe that our study in-
dicates that employees, being a company’s most valuable asset in the
new millennium, should play a core role in addressing environmental
issues. Thus, our study offers a source of motivation and may spark ideas
on ways companies can motivate employees, particularly rank-and-file
employees, to boost their productivity and promote corporate green
practices.
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Appendix A

Panel A: variable definition

Dependent variables
Green_P Green patents, the logarithm of one plus the number of green patents applied independently by listed companies.
Green_Inv Green invention patents, the logarithm of one plus the number of green invention patents applied independently by listed

companies.
Green_Um Green utility patents, the logarithm of one plus the number of green utility patents applied independently by listed

companies.

Independent variables
ESOP Dummy variable, one if the listed company has implemented an ESOP during the sample period, and zero otherwise.
POST_Imply The dummy variable, equals one if the firm year falls in the year in which the ESOP is implemented and subsequent years,

and zero otherwise.

Control variables
SIZE Firm size, the logarithm of total assets.
LEV Leverage, total debt/total assets.
ROA Return on assets, net income/total assets.
GROWTH Sales growth, growth in operating income divided by operating income in the previous year.
SALESPP Sales per person, operating income/the number of employees.
FIXEDPP Fixed assets per person, fixed assets/the number of employees.
LOSS Whether it is a loss, the value equals one if the enterprise’s net income for the year is less than zero, and zero otherwise.

(continued on next page)

W. Liu et al.



Technological Forecasting & Social Change 207 (2024) 123629

21

(continued )

Panel A: variable definition

CASH Cash holdings, the balance of cash and cash equivalents/(total asset-the balance of cash and cash equivalents).
RND Investment in research and development, annual R&D investment/total assets.
AGE Years since the listing date of the firm, the logarithm of one plus the gap between the IPO year and the event year.
FIRMAGE Firm age, the logarithm of one plus the gap between the established year and the event year of the firm.
SOE Nature of property rights, the value takes one if the enterprise is state-owned, and zero otherwise.
CEO_SHR CEO shareholding, CEO shareholdings/total number of shares.
EXE_SHR Executive shareholding, executive shareholdings/total number of shares.
INS Institutional shareholding, institution shareholdings/total number of shares.
BOARD The number of board members, the logarithm of one plus board members.
INDE The proportion of independent directors, Number of independent directors/total number of board members.
SHAREBALANCE Equity restriction, shareholdings of second to fifth largest shareholder/shareholding of largest shareholder.
WAGE Employee wage, (employee pay payable-executives’ compensation)/(employee number - executive number).
INTCON Level of internal control, the internal control index from the Internal Control and Risk Management (DIB) database/100.

Panel B: sample selection

Total observations 34,906
Less: companies listed in the B-share market (1130)
Less: financial firms (733)
Less: missing variables of continuous variables (7845)
Add: control group samples that are replicated because of matching with different treatment group companies 6430
Less: samples excluded by propensity score matching (12,764)
Less: the period after the end of the ESOP’s duration (1553)
Less: firms with less than one sample before or after implementing the ESOP (0)
Final sample 17,311
Treatment observations 4373
Control observations 12,938
Number of unique firms 1466
Treatment firms 546
Control firms 920
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