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Abstract
We examine whether and how CEO foreign experience affects firm’s green innovation. Using a sample of Chinese public 
companies and hand-collected CEO foreign experience data, we document a positive association between CEO foreign 
experience and corporate green innovation. Furthermore, consistent with the view that CEOs with foreign experience would 
play a more significant role when provided with more resources, we find that the positive relationship is more pronounced 
in less financially constrained firms, in state-owned enterprises, and in less competitive industries. Additional analyses indi-
cate that enhanced environmental ethics and general competency are two potential mechanisms through which CEO foreign 
experience affects corporate green innovation. Finally, we find that CEO foreign experience is positively related to green 
innovation quality and internationalization. Collectively, these findings suggest that CEO foreign experience is a significant 
factor for corporate green innovation in emerging markets.
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Introduction

In this paper, we examine whether and how CEO foreign 
experience obtained in developed countries affects corporate 
green innovation in developing countries. There has been 
a surge in international migration of human capital, spe-
cifically managerial professionals (Harrington & Seabrooke, 
2020). Many people from developing countries go aboard 
to pursue academic degrees and/or work for companies in 
developed countries and then return to their home coun-
tries (Cho & Lee, 2014; Kenney et al., 2013; Roberts & 

Beamish, 2017; Waddell & Fontenla, 2015).1 Because the 
modern concepts of corporate social responsibility (CSR) 
and environmental protection are widely institutionalized 
in developed countries first, those societies, including their 
firms, tend to have better environmental ethics. According 
to imprinting theory in the management literature (Marquis 
& Tilcsik, 2013), these returnee CEOs, after the exposure 
to the social norms of developed countries, are more likely 
to internalize the high valuation of environmental protec-
tion and seek to improve their firms’ environmental ethics, 
which helps promote green innovation.2 In addition, prior 
studies suggest that foreign experience enhances the general 
competencies of CEOs that are helpful in green innovation 
development (Caligiuri & Tarique, 2009; Carpenter et al., 
2001; Dragoni et al., 2014; Leung et al., 2008; Suutari & 
Makela, 2007). Thus, we expect CEOs with foreign experi-
ence in developed countries are more likely to promote green 
innovation.

This research is important and timely because it has 
implications for many countries, especially developing 
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countries. For the foreseeable future, global climate change 
and environmental deterioration will continue to be two 
great challenges facing human beings. The problem is more 
severe in emerging economies because the tremendous eco-
nomic development in these economies during the last sev-
eral decades was accompanied by huge environmental costs 
(To et al., 2019; Wang & Li, 1999). Green innovation is 
perhaps one of the most important strategies to achieve sus-
tainable growth because it enables firms to create competi-
tive advantage while protecting the environment (Berry & 
Rondinelli, 1998; Porter & van der Linde, 1995). The issue 
now is how to effectively improve and promote corporate 
green innovation in emerging economies. As more and more 
talents who have foreign experience choose to come back to 
their home countries, their impact on firms has become an 
area of academic interest. The literature shows that these 
returnee executives/directors differ in many ways from their 
local peers (Cao et al., 2019; Dai et al., 2018; Giannetti 
et al., 2015; Iliev & Roth, 2018; Wen et al., 2020). How-
ever, no study has examined the impact of returnee CEOs 
on firms’ green innovation. Thus, the findings of this study 
may generate rich policy implications.

As the largest emerging economy, China provides a 
good setting for us to study this issue for two reasons. First, 
economic growth in China over the last two decades has 
attracted significant returnee talent.3 Many of these returnee 
managers now hold top executive positions and might play 
an important role in promoting green innovation. Second, 
the Chinese government has recognized that fast economic 
growth also caused serious environmental problems, such as 
air and water pollution, and enacted environmental policies 
encouraging green practices. Therefore, the setting should 
increase the likelihood of detecting the impact of CEOs with 
foreign experience on their firms’ green innovation.

Using a sample of Chinese public companies and hand-
collected CEO foreign experience data, we document a 
positive association between CEO foreign experience and 
corporate green innovation. The result holds to a series of 
robustness tests. Consistent with the resource-based view, 
we find that the impact of CEO foreign experience on green 
innovation varies depending on the availability of resources 
and other supports. Specifically, we find that the positive 
relation is more pronounced in less financially constrained 
firms, in state-owned enterprises (SOEs), and in less com-
petitive industries. Additional analyses show that enhanced 
environmental ethics and general competency are two 
mechanisms through which CEO foreign experience affects 
corporate green innovation. Finally, we show that green 

innovations for firms having CEOs with foreign experience 
are of higher quality and are more likely to be filed overseas.

Our study contributes to the literature in several ways. 
First, we add to the literature documenting the economic 
benefits of hiring talents with foreign experience. Several 
recent studies have examined the impacts of returnee man-
agers on value creation (Giannetti et al., 2015), information 
transparency (Liao et al., 2016), and investment efficiency 
(Dai et al., 2018). We complement these studies by provid-
ing evidence that CEOs with foreign experience promote 
green innovation, which suggests that CEOs with foreign 
experience also perform better ethically. Second, we extend 
the determinants of green innovation literature. While most 
prior studies on the determinants of green innovation typi-
cally focus on institutional and firm-level characteristics 
(Amore & Bennedsen, 2016; Berrone et al., 2013; Hart, 
1995; Lin et al., 2013), we show that foreign experience, 
a CEO-level characteristic, matters in firms’ green innova-
tion.4 Third, our findings have important implications for 
other emerging markets on how to effectively improve green 
innovation and economic sustainability. Our evidence sug-
gests that CEOs with foreign experience from developed 
countries have better awareness of environmental protection 
and are more likely to promote green innovation in their 
firms. Thus, if a developing country wants to enhance its 
green innovation, one strategy might be to incentivize firms 
to actively attract and retain returnee talent.

The remainder of the paper is organized as follows. Sec-
tion Literature Review and Hypothesis Development reviews 
the related literature and develops our hypotheses. We dis-
cuss sample selection, variable definitions, and research 
design in Sect. Method. Section Results reports main results 
and robustness tests. Section Moderating Effects reports 
results of moderating effects. Section Additional Tests 
explores potential mechanisms and presents additional tests. 

3 The China Statistical Yearbook 2016 shows that the number of 
individuals who received foreign training and then returned to China 
increased from about 5000 in 1995 to over 400,000 in 2015.

4 While Post et al. (2011) find that boards with a higher proportion 
of Western European directors are more likely to implement environ-
mental governance structures or processes, we differ from Post et al. 
(2011) in the following ways. First, Post et al. (2011) focus on board 
composition/diversity and look at 78 firms from the Fortune 1000 
that have more Western European directors. Thus, their focus is on 
the monitoring/advisory role played by directors, which is related to 
corporate governance. We, on the other hand, focus on the role played 
by CEOs. Second, the concept of “foreign” in their paper is national-
ity. In contrast, we examine the effect of social interactions through 
learning/working in foreign countries/regions on executives with the 
same ethnicity who return to work in their home countries. Post et al. 
(2011) does not have this “returnee” concept. Third, in addition to the 
“environmental ethics” argument Post et al. (2011) explored, we also 
propose that foreign experience enhances the general competencies 
of CEOs. Finally, it is not clear where the companies in Post et  al. 
(2011) are located. Therefore, it is possible that their findings are 
driven by the geographic location of firms. We do not have this issue 
because our sample includes Chinese public firms only.
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Section Summary and Discussion concludes and discusses 
policy implications.

Literature Review and Hypothesis 
Development

Related Literature

The Determinants of Green Innovation

This study is related to the literature on green innovation. 
Green innovation has important strategic value to the sus-
tainable development of firms and society (Huang & Li, 
2017; Xie et al., 2016). Given this importance, scholars 
began to investigate factors that influence firms’ green 
innovation. Some studies examine the “institutional level” 
factors and document the positive effects of environmental 
regulations, pressure from non-government organizations, 
and government support on green innovation (e.g., Berrone 
et al., 2013; Li et al., 2017, 2018). Other studies examine the 
impacts of firm characteristics (e.g., corporate governance 
in Amore & Bennedsen, 2016) and stakeholders (Kassinis 
& Vafeas, 2006; Peng & Lin, 2008; Qi et al., 2010) on green 
innovation. For example, it has been documented that pres-
sure from different stakeholders such as consumers (Chen 
et al., 2012; Lin et al., 2013), suppliers (Hart, 1995; Hor-
bach, 2008; Rehfeld et al., 2007; Van den Bergh, 2008), and 
competitors (Rennings & Rammer, 2011) are determinant 
factors for firms’ green innovation decisions.

Recently, a growing body of literature based on the upper 
echelons theory has examined how executives’ character-
istics affect green innovation. Studies find that executives’ 
gender (He & Jiang, 2019), hubris (Arena et al., 2018), tem-
poral cognition (Liao, 2016), and hometown identity (Ren 
et al., 2021) affect engagement in green innovation. These 
findings echo the central tenet of the upper echelons theory 
that executives' experiences, values, and personalities affect 
their vision, selective perception, interpretation, strategic 
choices, and ultimately outcomes (Hambrick & Mason, 
1984). Even though studying and/or working abroad are 
important experiences that might shape CEO’s values and 
competencies, which can ultimately affect green innovation 
development, there remains a lack of research that provides 
direct empirical evidence of the relationship between a 
CEO’s foreign experience and its impact on firm’s green 
innovation.

The Impact of Executive/Director Foreign Experience

Recent years witnessed a surge in international migration 
of talents (Harrington & Seabrooke, 2020). Early literature 
calls the relocation of highly trained individuals from a 

developing nation to a developed nation as a “brain drain.” 
“Brain drain” was initially seen as a way for the U.S. to 
attract the best talents globally (Adams, 1968; Bhagwati & 
Hamada, 1974). However, in recent years, more and more 
talents return to their home countries from developed coun-
tries where they studied and worked (Cho & Lee, 2014; 
Kenney et al., 2013; Roberts & Beamish, 2017; Waddell 
& Fontenla, 2015). Noticing this phenomenon, academia 
began to examine the influence of such foreign experience 
on firms. For example, studies find that firms managed by 
boards or executives with foreign experience tend to con-
verge to the governance characteristics and board practices 
of foreign firms (Iliev & Roth, 2018), are less likely to avoid 
taxes (Wen et al., 2020), are more efficient with investments 
(Dai et al., 2018), are less likely to have crash risk (Cao 
et al., 2019), and tend to have higher valuations (Giannetti 
et al., 2015). Among the reasons mentioned is that the for-
eign experience of executives or directors improves corpo-
rate governance and management practice by enhancing the 
expertise and international knowledge of managers.

Moreover, several studies find that foreign experience 
not only enhances executives’ international knowledge or 
management expertise, but also enhances general cognitive 
competencies including creativity, problem solving, leader-
ship, and information processing (Caligiuri & Tarique, 2009; 
Carpenter et al., 2001; Dragoni et al., 2014; Leung et al., 
2008; Suutari & Makela, 2007). These general competencies 
should be important and helpful in developing green innova-
tion. Building on this evidence, we examine the impact of 
executive foreign experience on green innovation.

Hypothesis Development

Compared with traditional innovation, green innovation 
has both the traditional knowledge externalities in the R&D 
phase and the externalities of positive environmental impact 
in the adoption and diffusion phases (Oltra, 2008). There-
fore, green innovation has the dual characteristics of inno-
vation and environmental social responsibility. Inspired by 
these dual characteristics of green innovation, we develop 
our hypotheses along two lines: (1) how foreign experience 
affects a CEO’s value/attitude toward environmental social 
responsibility; and (2) how foreign experience influences 
the general competencies crucial to innovation. We then 
examine factors that moderate the relation between CEO 
foreign experience and green innovation from the perspec-
tive of resource-based view. The theoretical framework is 
shown in Fig. 1.

Main Hypothesis

Environmental Ethics and  Green Innovation According 
to imprinting theory, CEOs’ values and cognitions can be 
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largely shaped by their foreign experience. According to 
Marquis and Tilcsik (2013), there are three essential fea-
tures of imprinting theory: (1) the existence of a temporally 
restricted sensitive period characterized by high suscepti-
bility to environmental influences; (2) the powerful impact 
of the environment during the sensitive period such that 
the focal entity reflects elements of the environment at that 
time; and (3) the persistence of the characteristics developed 
during the sensitive period, even in the face of subsequent 
environmental changes. Thus, studying or working abroad 
can be considered as a process of being “imprinted” because 
it represents an important transition period for an individual. 
As Higgins (2005, p. 338) notes, transitions of any kind are 
marked by anxiety that individuals want to reduce as they 
extend themselves into new roles and new identities. Such 
vulnerable times amplify the potential for imprinting. Given 
the anxiety and cognitive unfreezing experienced during 
transition periods, individuals become especially open to 
environmental stimuli (Schein, 1971). As a result, vari-
ous “means of reducing such anxiety, including looking to 
peers, to mentors, to leaders, can provide powerful cues as 
to how to behave” (Higgins, 2005, p. 338). Consequently, 
individuals are particularly likely to adopt new behaviors, 
cognitive models, and norms at these times, causing their 
subsequent behaviors to bear the stamp of the environment 
they experienced during a sensitive period (Azoulay et al., 
2017; Kacperczyk, 2009; Tilcsik, 2012).

Because the modern concepts of CSR, environmental 
protection, and green innovation are widely institutional-
ized in developed countries, returnee managers from these 
countries and regions are more likely to recognize social 
responsibility and environment protection as a norm due to 
the imprinting effects of studying or working abroad. For 
instance, returnee managers may have learned about the 
importance of CSR engagement and environment protection 
during their educational experiences (Huang, 2013; Matten 
& Moon, 2004). Alternatively, returnee managers may be 
influenced by an ethical organizational climate stemming 
from overseas work experiences (Hegarty & Sims, 1978; 

Posner & Schmidt, 1984; Wimbush & Shepard, 1994).5 
Consistent with imprinting theory, studies demonstrate that 
returnee managers tend to be influenced by their experiences 
in developed countries and become more ethical and socially 
responsible. For example, Wen and Song (2017) and Zhang 
et al. (2018) find some evidence that returnee managers/
directors direct their firms to invest more in CSR activi-
ties. Therefore, CEOs with foreign experience may be more 
likely to promote green innovation because of their enhanced 
environmental ethics.

General Competency and Green Innovation Enhanced com-
petency from foreign experience may also facilitate green 
innovation. Compared with other green practices, green 
innovation is riskier, requires better knowledge and greater 
financial commitment, and usually can only accrue returns 
in the long term (Ahuja et al., 2008; Scherer, 1999). Moreo-
ver, unlike other green practices that are often off-the-shelf 
alternatives that can be obtained quickly in the open market 
(Berrone et al., 2010), green innovation is typically devel-
oped within the firm in a long process full of uncertainties. 
Thus, it requires the executives, especially the CEO, to be 
creative, determined, and capable of leading a diverse group 
of people from different functional backgrounds and coordi-
nating internal and external resources. Moreover, due to the 
high uncertainty involved, it further requires the CEOs to be 
capable of processing complex and dynamic information.

Learnings theories suggest that foreign experiences help 
enhance the general competencies of CEOs and are often 
used to explain the outcomes of foreign experience (e.g., 
Caligiuri & Tarique, 2009; Fee et al., 2013; Li et al., 2013). 
Learning theories posit that individuals are motivated to 
learn when they experience cognitive dissonance between 
themselves and the environment (Bandura, 1977; Kolb, 
1984; Piaget, 1955). Cognitive dissonance occurs when 
individuals encounter new, meaningful, critical, and/or 
contradictory behaviors (Bandura, 1977) and experiences 
(Kolb, 1984) that cannot be understood within the context 
of their existing knowledge or beliefs (Endicott et al., 2003). 
The cognitive dissonance motivates individuals to learn and 
adapt to the environment in order to diminish the dissonance 
(DeRue & Wellman, 2009). Foreign countries provide stim-
uli that create dissonance. The resulting dissonance stimu-
lates learning that improves general competencies (Endicott 
et al., 2003; Suutari & Makela, 2007).

CEO Foreign
Experience Green Innovation

Imprinting Theory

Learning Theory

1. Environmental ethics

2. General competency

Nature of
ownership

Financial
constraint

Market
competition

Moderating effect: Resource Base

Fig. 1  Theoretical framework

5 Literature also finds that foreign experience may lead to an 
increased interest in world economic conditions, greater open-mind-
edness and tolerance of differences, increased empathy (Black & 
Duhon, 2006; Thomlison, 1991), and increased sense of responsibil-
ity and respect for others (Chieffo & Griffiths, 2004). Many of these 
personality outcomes may influence a CEO’s motivation toward pur-
suing socially responsible activities.
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According to learning theories, learning occurs in two 
distinct processes: assimilation and accommodation (Fee 
et al., 2013; Piaget, 1955). Assimilation involves adding to 
existing schemas (knowledge and other memories). Accom-
modation involves developing new, sophisticated schemas 
and fundamental changes in cognitive structure. While 
the former results in greater domain-specific knowledge, 
the latter results in greater general cognitive competencies 
(Endicott et al., 2003). Regarding CEOs’ foreign experience, 
domain-specific knowledge includes knowledge of inter-
national markets, global networks, and intercultural com-
munication, while general cognitive competencies include 
creativity, problem solving, leadership, and information pro-
cessing that can be used in many different arenas (Endicott 
et al., 2003; Godart et al., 2015).6

When abroad, individuals must develop new solutions as 
issues arise because falling back on proven strategies that 
are effective in more familiar territory is not feasible (Ricks 
et al., 1990), which will enhance problem-solving abilities. 
Living in a foreign country also affords the individual with 
a high level of autonomy that instills confidence in personal 
decisions as successful solutions are found (Suutari & 
Makela, 2007). Previous studies document several forms of 
general competencies increased through foreign experience, 
including creativity (Leung et al., 2008), managers’ end-
state competencies and strategic thinking (Dragoni et al., 
2014), leadership effectiveness (Caligiuri & Tarique, 2009), 
and processing complex and dynamic information (Carpen-
ter et al., 2001). All of these CEO qualities are important and 
helpful for green innovation.7 Based on the above discus-
sion, we state our main hypothesis as follows:

H1 There is a positive association between CEOs’ foreign 
experience and their firms’ green innovation.

The Moderators

Prior literature suggests that the foreign experience of a 
CEO is a valuable, rare, inimitable, and non-substitutable 
resource and capability to the firm (Carpenter et al., 2001). 
Resource-based and capability-based theorizing suggests 

that even though a resource itself may be valuable, rare, and 
inimitable, it most likely results in competitive advantage 
only when bundled with complementary resources (Amit & 
Schoemaker, 1993; Barney, 1992; Teece et al., 1997), which 
suggests that the impact of CEO foreign experience on green 
innovation will vary depending on the availability of support 
and other resources.

Below, we first discuss firm-level factors that affect a 
firm’s resources and support for green innovation, such 
as financial conditions and the nature of ownership. Then 
we explore industry-level factors measured by the industry 
competition.

Financial Constraints Capital is arguably the most impor-
tant resource for companies developing green innovation 
and the lack of capital will hinder the impact of CEO for-
eign experience on green innovation. The development 
of green innovation requires significant R&D investment 
that requires capital (Brown et  al., 2012; Hall & Lerner, 
2010). R&D also often requires a large amount of continu-
ous resource input, especially capital, to prevent innova-
tion interruption (García-Quevedo et al., 2018; Hyytinen & 
Toivanen, 2005). Firms with financial constraints may find 
it difficult to provide the sufficient and continuous capital 
input required for green innovation. Moreover, green inno-
vation usually involves high risk and years of work. Finan-
cially constrained firms may not be able to tolerate such 
risks and uncertainties and thus are less likely to invest in 
green innovations. Lastly, CEOs in financially constrained 
firms need to rely more on external resources due to limited 
internal resources. However, relative to their local counter-
parts, CEOs with foreign experience typically have limited 
connections with critical local constituents in their home 
countries (Qin, 2007; Xin & Pearce, 1996). Thus, CEOs 
with foreign experience may find it more difficult than their 
local peers to get external capital from local institutions, 
which further hinders green innovation.8 Because of these 
reasons, we predict that financial constraints will negatively 
moderate the relation between CEO foreign experience and 
green innovation. We present the hypothesis as follows:

H2 The positive association between CEOs’ foreign experi-
ence and their firms’ green innovation is less pronounced for 
firms with financial constraints.6 Domain-specific knowledge also includes better management 

practice and managerial skills if the returnee CEOs have chances to 
observe or experience them.
7 Foreign experience also increases the CEO’s global network 
(Edström & Galbraith, 1977; Suutari & Makela, 2007). As new and 
difficult demands during the innovation process arise, the CEO with 
foreign experience has a novel and valuable network on which to 
draw for advice and assistance. Moreover, Giannetti et al. (2015) sug-
gest that hiring managers/directors who have gained either education 
or work experience while living abroad in developed countries help 
transmit knowledge about management practices and corporate gov-
ernance to firms in emerging markets.

8 In footnote 7, we mentioned that foreign experience increases the 
CEO’s global network. Global networks would be very helpful when 
CEOs with foreign experience need advice or assistance. However, 
when it comes to capital, since most companies raise funds from 
financial institutions in their own country, CEOs with foreign experi-
ence are at a disadvantage compared to their local peers because they 
usually have limited connections with critical local constituents.
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Nature of  Ownership The nature of ownership usually 
reflects the incentives and attitudes of the largest share-
holder. For Chinese companies, it also reflects the resources 
available for CEOs to promote green innovation. Compared 
to non-state-owned enterprises (non-SOEs), state-owned 
enterprises (SOEs) usually have more resources. Moreover, 
the resources provided by SOEs are usually complementary 
to the resources processed by CEOs with foreign experi-
ence. The government remains a critical influence on strate-
gic resource allocations in China. Firms closely linked with 
the government have institutional and resource advantages 
compared with those without these close links (Tan et al., 
2007). For example, literature shows that SOEs more eas-
ily obtain financing and government subsides (Brandt & Li, 
2003; Faccio, 2006). Thus, compared to non-SOEs, returnee 
managers in SOEs have more resources for green innova-
tion, which would lead to more successful green innova-
tions. Moreover, while institutional and resource advantages 
offered by the government are useful to all companies, they 
are particularly important to those led by returnees because 
returnees may lack local ties and local knowledge. For 
example, returnees may rely on government ties precisely 
to facilitate competition in China’s market (Solinger, 1991). 
According to the resource-based view, CEOs with foreign 
experience would play a more important role in green inno-
vation when they are in an organization where they can get 
the support they need and the available resources are com-
plementary to their own. Thus, we expect the relationship 
between CEO foreign experience and green innovation will 
be stronger for state-owned enterprises. We present the third 
hypothesis as follows:

H3 The positive association between CEOs’ foreign experi-
ence and their firms’ green innovation is more pronounced 
in state-owned enterprises.

Market Competition Studies show that market competition 
has an impact on corporate environmental behavior, as it 
affects both the resources available to firms and the benefits 
that corporations might gain from investment (Zou et  al., 
2015). Competition threatens the profit and even the sur-
vival of firms, which in turn requires firms to devote more 
attention and resources to deal with inter-firm competition. 
Intense competition results in lower profit margins and thus 
a decreased ability for firms to make social investments 
(Bagnoli & Watts, 2003). Prior studies find that intense 
competition may cause firms to reduce the resources they 
devote to socially beneficial goals (e.g., Fernández-Kranz & 
Santaló, 2010). As a result, firms in more competitive indus-
tries are less able to pay attention to and provide resource for 
green innovation.

In industries where competition is not fierce, compa-
nies will have more resources for and pay more attention to 

green innovation. CEOs with foreign experience would play 
a more important role in green innovation when they are in 
an organization where they can get the support and resources 
they need. Thus, we expect the relationship between CEO 
foreign experience and green innovation will be stronger for 
less competitive industries. We present the fourth hypothesis 
as follows:

H4 The positive association between CEOs’ foreign experi-
ence and their firms’ green innovation is more pronounced 
in less competitive industries.

Method

Sample Selection and Data

Our initial sample includes all public manufacturing firms 
listed on the Shanghai Stock Exchange and the Shenzhen 
Stock Exchange from 2007 to 2018. We start in 2007 to 
make sure the accounting information is comparable across 
years because a new accounting standard became effective 
in 2007. Following prior literature, we apply several crite-
ria to screen the sample. First, we delete observations that 
are under special treatment by stock exchanges (labeled as 
ST/*ST/PT).9 Second, we eliminate observations without the 
necessary regression variables. Finally, firm-year observa-
tions with CEO turnovers are excluded. After these steps, 
our final sample consists of 12,653 firm-year observations.

CEO foreign experience data are hand-collected from 
their companies’ annual reports. The information is further 
verified and supplemented by additional information from 
public media, including Sina Financial and Baidu. Innova-
tion data are downloaded from the website of the Chinese 
National Intellectual Property Administration. Other finan-
cial and corporate governance data are retrieved from the 
China Stock Market & Accounting Research (CSMAR) 
database.

Measuring Green Innovation

In this study, we use two measures to proxy for green inno-
vation (Berrone et al., 2013; Li et al., 2017). The first is the 
number of green patents. Patent data are downloaded from 
the website of the Chinese National Intellectual Property 

9 According to the securities laws in China, a company reporting 
losses in two consecutive fiscal years should be labeled with a spe-
cial treatment sign (ST/*ST). These firms are subject to a daily price 
fluctuation limit of 5% and will be terminated from listing if they 
report losses in four consecutive years and report negative net assets 
in three consecutive years. Stocks labeled with PT are those that are 
suspended from trading.
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Administration. For each patent, we apply two criteria to 
determine whether it is “green.” First, we screen the pat-
ent code according to the International Patent Classification 
(IPC) Green Inventory. If the patent code matches one of the 
IPC Green Inventory codes, it is treated as a green patent. 
Second, we apply textual analysis to the patent application 
title. If the patent title has at least one of the 25 keywords 
listed in Appendix A, it is considered a green patent. If a 
patent satisfies either of the two criteria above, we consider 
it a green patent.10

The second is the number of green invention patents. 
For each patent approved, the National Intellectual Prop-
erty Administration classifies it into one of the following 
three categories: “Invention Patent”, “Utility Model”, or 
“Appearance Design.”11 Compared to “Utility Model” and 
“Appearance Design”, it typically requires more commit-
ment and advanced skills of CEOs to develop “Invention 
Patent”. Thus, we use the number of green invention patents 
to ensure the robustness of our results.

To summarize, Green Patent equals the natural logarithm 
of one plus the number of patents that are “green.” Green 
Invention Patent equals the natural logarithm of one plus the 
number of patents that are “green” and belong to the “Inven-
tion Patent” category.

Measuring CEO Foreign Experience

CEO foreign experience (Foreign Experience) is a dummy 
variable equal to 1 if a Chinese CEO has studied or worked 
in a developed country or region and 0 otherwise.12 Con-
sistent with prior literature (e.g., Giannetti et al., 2015; 
Wen et al., 2020), we consider both studying and working 
experience as foreign experience. We require the foreign 
experience to be obtained in developed countries because 
one important channel through which that foreign experi-
ence influences green innovation is environmental ethics. 
We believe that foreign experience in developed countries is 
more likely to enhance environmental ethics than in devel-
oping countries. Moreover, because we are interested in the 

impact of foreign experience of returnee CEOs, we exclude 
foreign CEOs (CEOs who are foreigners, i.e., non-Chinese) 
from our analyses.13

Measuring the Moderators

The two moderators representing the firm-level factors are 
financial constraint (Financial Constraint) and state-owned 
enterprises (SOE). Financial constraint is measured by 
the SA index developed in Hadlock and Pierce (2010).14 A 
higher Financial constraint value suggests that the firm is 
more financially constrained. SOE is a dummy variable that 
equals 1 if a firm is state-owned and 0 otherwise.

The industry-level factor is the industry competition. We 
measure the competition faced by a firm using the Herfind-
ahl index. Specially, Herfindahl Index equals the sum of the 
squared share of each company’s sales to total sales in the 
same industry. A higher Herfindahl Index value suggests 
less competition.

Empirical Model

We use the following model to test the effects of CEO for-
eign experience on green innovation.

Green Patent (Green Invention Patent) is the natural loga-
rithm of one plus the number of green patents (green inven-
tion patents). Foreign Experience is a dummy variable equal 
to 1 if a Chinese CEO studied or worked in a developed 
country or region and 0 otherwise.

The control variables are taken from prior studies exam-
ining factors that affect green innovation (e.g., Amore & 
Bennedsen, 2016; Ba et al., 2013; Lee & Min, 2015). At 
the firm level, we control for firm characteristics includ-
ing firm size (Firm Size), firm age (Firm Age), sales growth 
(Growth), profitability (ROA), leverage (Leverage), and capi-
tal intensity (Capital Intensity). We control for the impact 
of corporate governance by including variables reflecting 
board structure (e.g., Board Size and Board Independ-
ence) and ownership structure like the percentage of largest 
shareholder (Largest Shareholder) and the percentage of 

Green patent (green invention patent)
i,t

= �0 + �1 foreign experiencei,t

+ �2 firm controls + �3 CEO controls

+ year FE + industry FE + �

10 While the IPC Green Inventory List is usually used to identify 
green innovations, we do find patents that are obviously “green”, but 
their IPC numbers are not in the IPC Green Inventory List. To be as 
comprehensive as possible, we use textual analysis method to further 
identify green innovations. Our results are robust, however, if we only 
rely on the IPC Green Inventory List to identify green innovations.
11 Invention patents refer to new technical solutions for products, 
methods, or improvements. A utility model refers to a new technical 
solution suitable for practical use proposed for the shape, structure, or 
combination of the product. Appearance design refers to a new design 
that is esthetically pleasing and suitable for industrial applications 
based on the overall or partial shape of the product, its combination, 
and the combination of color, shape, and group.
12 We follow Development Policy and Analysis Division (DPAD) 
and Social Affairs of the United Nations Secretariat (UN/DESA) to 
define the developed country or region.

13 There are 72 observations with foreign CEOs. It accounts for 
0.57% of our sample.
14 SA index is calculated with the following equation: 
SA = −0.737 ∗ Size + 0.043 ∗ Size

2
− 0.04 ∗ Age , where size is the 

logarithm of total assets (in million RMB) and age is the firm age (in 
years). We calculate FC as the logarithm of the absolute value of SA.
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institutional shareholders (Institutional Ownership). Lastly, 
we include a variable that indicates firms’ commitment to 
green and sustainable development (Green Disclosure). At 
the CEO level, we control for CEO gender, age, and highest 
education level (CEO Gender, CEO Age, and CEO Educa-
tion). Year and industry fixed effects are included as well. 
Standard errors are clustered at the CEO and year level. 
Detailed variable definitions are presented in Appendix B.

Results

Descriptive Statistics

Table 1 Panel A reports descriptive statistics. The mean 
value of Green Patent is 0.209, indicating that firms in our 
sample have, on average, 0.232 green patents every year.15 
For our testing variable, Foreign Experience, the mean sug-
gests that, on average, 7.9% of firm-year observations have 
CEOs with foreign experience. In terms of control variables, 
the firms in our sample have an average firm size of 21.768 
(translates to total assets of RMB 2.84 billion), logarithm 
of firm age of 2.687 (translates to firm age of 13.69 years), 
sales growth of 0.149, ROA of 0.016, leverage of 0.351, 
capital intensity of 12.466, board size of 2.135, board 
independence of 37.2%, largest shareholder ownership of 
35.1%, institutional ownership of 33.2%, Green Disclosure 
of 18.7%. The statistics also indicate that 94.2% of the CEOs 
are male, and the average logarithm of CEO age is 3.883 
(translates to CEO age of 48.57 years).

The Pearson correlation matrix is reported in Table 1 
Panel B. The correlation between Foreign Experience and 
Green Patent is significantly positive at the 1% level as is 
the correlation between Foreign Experience and Green 
Invention Patent. Other correlations between regression 
variables are largely consistent with those reported in prior 
studies (e.g., Wen et al., 2020). For instance, Green Patent is 
positively correlated with Firm Size, Leverage, Growth, and 
Firm Age, and negatively correlated with ROA. To check for 
a potential multicollinearity problem, we calculate variance 
inflation factors (VIF) for all regression variables. The mean 
is 1.21, with maximum of 1.58. As these numbers are well 
below the threshold of 10, we believe that multicollinearity 
is not a severe problem for this study.

Table 1 Panel C reports univariate testing results. For 
firms with CEOs having foreign experience, the mean of 
Green Patent is 0.33, compared to 0.20 for firms with CEOs 
having no foreign experience. The difference is statistically 
significant at the 1% level. For Green Invention Patent, the 
pattern is similar. Thus, the correlation and univariate results 

provide preliminary support for our hypothesis. Note that the 
comparison suggests that the two groups of firms are differ-
ent in many dimensions, suggesting the necessity of using a 
regression model to control other factors.

CEO Foreign Experience and Green Innovation

Table 2 reports the main results. The dependent variables 
are Green Patent and Green Invention Patent in columns 1 
and 2, respectively. In column 1, the coefficient on Foreign 
Experience is positive and statistically significant at the 5% 
level (0.078, t = 2.48). It is also economically significant, 
indicating that a firm having a CEO with foreign experi-
ence has 0.081 more patents (after log transformation) than 
a similar firm with no such CEO. Such an increase in inno-
vation translates to about a 34.9% increase (= 0.081/0.232) 
relative to the mean number of green patents. The coefficient 
on Foreign Experience in column 2 is significantly positive 
as well and the economic magnitude is at a similar level 
(44.8% = 0.043/0.096). These results support hypothesis H1 
that CEO foreign experience is positively associated with 
firm green innovation.

The coefficients on control variables are largely consistent 
with those reported in prior studies (e.g., Lin et al., 2014; 
Xie et al., 2019). For example, green innovation is positively 
related to Firm Size and Leverage, but negatively related to 
Firm Age, Growth, and Capital Intensity.

Robustness Checks

Alternative Measure of Foreign Experience and Firm Fixed 
Effects Regression

The generalization of our findings hinges on the measures 
we use to capture foreign experience. For robustness checks, 
we first use an alternative measure of foreign experience 
and run the regression model again. Specifically, we exclude 
from our analyses the observations where the CEO foreign 
experience is less than 6 months because a relatively short 
foreign experience may not have much impact on CEOs. The 
results using this updated foreign experience variable as the 
independent variable are reported in Table 3 Panel A. For 
brevity, we do not report the coefficients on the control vari-
ables. The coefficients on Foreign Experiences in the two 
columns remain positive and significant at the 5% and 10% 
levels, respectively. Moreover, the magnitudes of coefficients 
are quite similar as those reported in Table 2.

Although we control for many characteristics that may 
affect firms’ green innovation, we may omit some unobserv-
able firm-level characteristics. To mitigate this problem, we 
adopt a firm fixed effects regression model to control for 
time-invariant firm-level characteristics. The results of using 
this regression specification are reported in Table 3 Panel B. 

15 Note the measure is the natural logarithm of one plus the number 
of green patents, so the raw number is 0.232 (=  e0.209− 1).
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Table 2  The association between CEO foreign experience and green 
innovation

Green patent (green invention patent)
i,t = �0 + �1 foreign experiencei,t

+�2 firm controls + �3 CEO controls + year FE + industry FE + �

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respec-
tively

Green patent Green invention patent
(1) (2)

Foreign experience 0.078** 0.042**
(2.48) (2.01)

Firm size 0.125*** 0.070***
(7.25) (4.62)

Firm age − 0.055*** − 0.027**
(− 2.70) (− 2.01)

Growth − 0.017*** − 0.012***
(− 2.64) (− 2.67)

ROA 0.423 0.124
(1.55) (0.89)

Leverage 0.189*** 0.085**
(3.19) (2.46)

Capital intensity − 0.034*** − 0.021***
(− 3.97) (− 2.98)

Board size 0.058 0.075
(0.93) (1.56)

Board independence − 0.093 − 0.064
(− 1.58) (− 1.51)

Largest shareholder 0.219 0.192
(1.29) (1.56)

Institutional ownership − 0.041 − 0.016
(− 1.32) (− 0.74)

Green disclosure 0.104*** 0.061***

(3.76) (3.13)
CEO gender − 0.015 0.000

(− 0.37) (0.01)
CEO age 0.018 0.037

(0.39) (1.11)
CEO education 0.018** 0.010*

(2.11) (1.73)
Constant − 1.396*** − 0.762*

(− 2.58) (− 1.71)
Year and Ind FEs Yes Yes
N 12,653 12,653
Adj.  R2 0.163 0.124
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The coefficients on Foreign Experience in the two columns 
remain positive and significant at the 10% and 5% levels, 
respectively.16

Propensity Score Matching (PSM) Sample

The univariate test reported in Table 1 Panel C reveals that 
firms having CEOs with foreign experience are different in 
many dimensions from firms without such CEOs. Although 
we control for these characteristics in our linear OLS model, 
the model is not adequate for controlling potential non-linear 
effects. To mitigate this concern, we re-run our model using 
a propensity score matched sample.

Specifically, we use a logit model to regress our indi-
cator variable Foreign Experience on control variables in 
model (1) and estimate the propensity score that a firm 
has a CEO with foreign experience. Next, we match each 
treatment firm (Foreign Experience = 1) with a control firm 
(Foreign Experience = 0) with the closest propensity score. 
We require the caliper to be 0.01 and perform the matching 
without replacement. We successfully match 970 treatment 
observations. A covariate check between treatment and 
control observations (untabulated) suggests the matching 

is generally well balanced as the differences across them in 
almost all characteristics are insignificant. We then run the 
regression with the matched sample and report the results 
in Table 4. The coefficients on Foreign Experience remain 
positive and statistically significant at the 1 or 5% levels. 
Thus, the finding is unlikely to be driven by inadequate 
control of non-linearity.

Heckman Selection Model

While we document a positive association between CEO 
foreign experience and green innovation, our results may 
be subject to self-selection bias. That is, firms with cer-
tain characteristics might be more likely to hire CEOs 
with foreign experience and tend to have more green 
innovations. In other words, the hiring decision is not a 
random choice, which can introduce self-selection bias. 
To mitigate this potential issue, we apply the Heckman 
selection model.

In the first stage, we use a logit model to estimate firms’ 
likelihood of having CEOs with foreign experience. Fol-
lowing prior studies (e.g., Wen et al., 2020), we include the 
following variables: firm size (Firm Size), firm age (Firm 
Age), sales growth (Growth), profitability (ROA), leverage 
(Leverage), board size (Board Size), board independence 
(Board Independence), the largest shareholder’s ownership 
(Largest Shareholder), institutional shareholders’ owner-
ship (Institutional Ownership), state-owned enterprises 
dummy (SOE), CEO/chairman duality dummy (Duality), 
CEO gender (CEO Gender), CEO age (CEO Age), the edu-
cation level of CEO (CEO Education), and the industry-
year mean percentage of firms having CEOs with foreign 
experience (Ind. Foreign Experience). We use the mean 
percentage of CEOs with foreign experience within a year 
and within the firm’s industry (excluding the firm itself) as 
the instrumental variable. We believe this variable satisfies 
the exogenous variable requirement of Heckman’s model. 
Since firms in the same industry are likely to have similar 
incentives for hiring CEOs with foreign experience, such 
an industry-level mean variable is likely to be positively 
associated with Foreign Experience, but is less likely to 
affect firms’ green innovation directly.

We report the results in Table 5. The first stage regres-
sion results are in Panel A (left). As expected, the coef-
ficient on Ind. Foreign Experience is significantly positive 
at the 1% level. The Inverse Mills Ratio (IMR) generated in 
the first stage is then included in the second stage regres-
sion to control for self-selection bias. Panel B (right) 
reports the second stage results. The coefficients on For-
eign Experience remain positive and statistically significant 
at the 5 or 10% levels, respectively. To summarize, these 
results suggest that our findings are unlikely due to self-
selection bias.

Table 3  Robustness checks

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respec-
tively

Green patent Green 
invention 
patent

(1) (2)

Panel A: Exclude short term experience
 Foreign experience 0.078** 0.040*

(2.41) (1.90)
 Control variables Yes Yes
 Year and Ind FEs Yes Yes
 N 12605 12605
 Adj. R2 0.159 0.118

Panel B: Firm fixed effect
 Foreign Experience 0.057* 0.044**

(1.93) (2.13)
 Control variables Yes Yes
 Year and Ind FEs Yes Yes
 N 12653 12653
 Adj. R2 0.537 0.470

16 We did another robustness check. We reduce the panel dataset to 
one observation per CEO by taking average of all the variables at the 
CEO level and re-run the regression. Consistent with our main find-
ing, we find that the CEO foreign experience is positively related to 
green innovation measures.
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The 2SLS Approach

Although we control for many factors documented in prior 
literature that affect green innovation and even use a firm 
fixed effects regression specification in the previous sub-
section, we may still suffer from the omission of unknown 
variables that might affect green innovation and foreign 
experience. To further address this concern, we use the 
instrumental variable (IV) approach.

We adopt two instrument variables and the 2SLS 
approach to adjust the potential bias. Starting in the late 
1990s, provincial governments adopted policies to attract 
highly skilled emigrants and did so at different points in 
time (Zweig, 2006). The introduction of the provincial poli-
cies led to an exogenous change in the supply of potential 
CEOs with foreign experience for firms in those provinces 
(Giannetti et al., 2015). Thus, our first IV, Talent Policy, is 
a dummy variable that equals 1 if the province the company 
located adopts a policy encourage the return of highly skilled 
emigrants before 2000 and 0 otherwise. The introduction 
of the provincial policies should have a positive impact on 
Foreign Experience but is less likely to influence green inno-
vation directly.

Our second IV, Christian, is a dummy variable that equals 
1 if at least one college was founded by Christian missionar-
ies in the province as of 1920 and 0 otherwise. The reason-
ing is that regional culture affects people’s way of thinking. 
These regions have been exposed to Western culture and 
religious culture earlier, so people in these provinces will 
be more accustomed to Western culture and are more likely 
to go abroad. After returning to China, they will choose to 
live in areas with a strong western cultural atmosphere; that 
is, return to work locally. However, because these data are 
100 years older than our research sample, they will no longer 
be relevant to the company's current behavior.

The results of this analysis are reported in Table 6. 
Panel A (left) presents the first stage results. The coef-
ficients on both Talent Policy and Christian are positive 
and significant at the 1% level, suggesting that the instru-
ments we adopt are highly correlated with firms’ likeli-
hood of having CEOs with foreign experience. The Dur-
bin–Wu–Hausman test results show that the p-value is 
significant at the 1% level, indicating that there is indeed 
an endogeneity problem and the instrumental variable 
regression result is more accurate. We also test the validity 
of the instrumental variables. The p-value of Sargan’s test 
is 0.54 and 0.21 when the dependent variable is Green Pat-
ent and Green Invention Patent in the second stage, respec-
tively. Therefore, the test fails to reject the joint exogeneity 
of the instruments. Hence, the instruments are valid.

Panel B of Table 6 (right) presents the results of the sec-
ond stage regression. The coefficients on Foreign Experi-
ence are still positive and significant at the 5% level. Once 
again, the results suggest that our findings are unlikely due 
to an omitted variable problem.

Moderating Effects

In this subsection, we examine the impact of moderators 
on the relation between CEO foreign experience and green 
innovation. We first investigate how financial constraints 

Table 4  Propensity score matching (PSM) results

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respec-
tively

Green patent Green invention patent
(1) (2)

Foreign experience 0.095*** 0.055**
(2.85) (2.38)

Firm size 0.223*** 0.121***
(6.21) (4.10)

Firm age − 0.045 − 0.028
(− 0.95) (− 1.09)

Growth − 0.074*** − 0.048***
(− 4.45) (− 3.45)

ROA − 0.055 − 0.052
(− 0.11) (− 0.15)

Leverage 0.019 − 0.016
(0.17) (− 0.25)

Capital intensity − 0.058*** − 0.023
(− 2.73) (− 1.43)

Board size 0.167 0.126
(1.31) (1.37)

Board independence − 0.070 − 0.053
(− 0.63) (− 0.96)

Largest shareholder 0.283 0.237
(0.88) (0.93)

Institutional ownership − 0.115 − 0.045
(− 1.34) (− 0.79)

Green disclosure 0.025 0.011
(0.49) (0.27)

CEO gender − 0.038 0.014
(− 0.56) (0.51)

CEO age 0.068 0.009
(0.57) (0.13)

CEO education 0.017 0.011
(0.87) (0.86)

Constant − 4.823*** − 2.591***
(− 5.01) (− 3.21)

Year and Ind FEs Yes Yes
N 1940 1940
Adj. R2 0.262 0.220
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might affect the association between CEO foreign expe-
rience and green innovation (H2). Columns 1 and 4 of 
Table 7 report the results. In column 1, using Green Patent 
as the dependent variable, we find a significantly negative 
coefficient on Foreign Experience *Financial Constraint 
(-0.122, t = − 1.76), suggesting the positive effect of CEO 
foreign experience is attenuated when firms are financially 
constrained. The result using Green Invention Patent as 

the dependent variable (column 4) is qualitatively similar 
(− 0.189, t = − 3.72). Overall, we find that financial con-
straints weaken the impact of CEO foreign experience on 
green innovation, consistent with H2.

We next examine how the nature of ownership affects 
the relation between CEO foreign experience and green 
innovation. The results of this analysis are reported in 
columns 2 and 5 of Table 7. Column 2 reports the results 

Table 5  Heckman selection model results

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respectively

Panel A Foreign experience Panel B Green patent Green invention patent
(1) (1) (2)

Ind. foreign experience 11.097*** Foreign experience 0.070** 0.037*
(12.24) (2.15) (1.71)

Firm size 0.208*** Firm size 0.120*** 0.067***
(2.69) (7.14) (4.58)

Firm age 0.067 Firm age − 0.047** − 0.022*
(0.28) (− 2.32) (− 1.67)

Growth − 0.016 Growth − 0.017*** − 0.012***
(− 0.24) (− 2.66) (− 2.68)

ROA 3.580* ROA 0.246 0.016
(1.71) (0.81) (0.10)

Leverage − 0.183 Leverage 0.202*** 0.093***
(− 0.49) (3.51) (2.62)

Board size − 0.198 Capital intensity − 0.033*** − 0.021***
(− 0.40) (− 3.93) (− 2.95)

Board independence 1.131 Board size 0.073 0.084*

(0.84) (1.18) (1.76)
Largest shareholder − 1.008* Board independence 0.188 0.173

(− 1.72) (1.09) (1.40)
Institutional ownership 0.370 Largest shareholder − 0.061 − 0.045

(1.21) (− 1.04) (− 1.07)
Duality 0.392** Institutional ownership − 0.040 − 0.015

(2.21) (− 1.29) (− 0.71)
SOE − 0.942*** Green disclosure 0.106*** 0.062***

(− 4.15) (3.79) (3.13)
CEO gender − 0.260 CEO gender − 0.006 0.006

(− 0.79) (− 0.15) (0.21)
CEO age − 1.947*** CEO age 0.075 0.072*

(− 2.85) (1.42) (1.87)
CEO education 0.545*** CEO education 0.002 0.000

(4.87) (0.20) (0.04)
IMR − 0.034** − 0.021**

(− 2.47) (− 2.18)
Constant − 3.205 Constant − 1.482*** − 0.814*

(− 0.96) (− 2.76) (− 1.83)
Year and Ind FEs Yes Year and Ind FEs Yes Yes
N 12653 N 12653 12653
Pseudo R2 0.115 Adj. R2 0.164 0.125
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using Green Patent as the dependent variable. Consistent 
with H3, we find that the coefficient on Foreign Experi-
ence *SOE is positive and statistically significant at the 1% 
level (0.231, t = 3.63). Column 5 reports the results using 
Green Invention Patent as the dependent variable. The 
coefficient on Foreign Experience *SOE is significantly 

positive. Overall, the results suggest that the positive 
relationship between CEO foreign experience and green 
innovation is more pronounced in SOEs. H3 is supported.

Finally, we examine how the industry competition, Her-
findahl Index, moderates the relationship between CEO for-
eign experience and green innovation (H4). We expect the 

Table 6  Instrumental variable (IV) approach

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respectively

Panel A Foreign experience Panel B Green patent Green invention patent
(1) (1) (2)

Talent policy 0.062*** Foreign experience 0.806** 0.444**
(4.08) (2.55) (2.16)

Christian 0.047*** Firm size 0.117*** 0.066***
(4.12) (7.08) (4.82)

Firm size 0.010* Firm age − 0.043* − 0.020
(1.91) (− 1.76) (− 1.34)

Firm age − 0.014 Growth − 0.018** − 0.013***
(− 0.86) (− 2.50) (-2.70)

Growth 0.001 ROA 0.171 − 0.015
(0.22) (0.58) (− 0.09)

ROA 0.292** Leverage 0.208*** 0.096***
(2.17) (3.26) (2.59)

Leverage − 0.027 Capital intensity − 0.035*** − 0.022***
(− 1.15) (− 3.62) (− 2.87)

Capital intensity 0.006 Board size 0.087 0.091*
(1.08) (1.31) (1.82)

Board size − 0.032 Board independence 0.180 0.170
(− 0.89) (1.01) (1.35)

Board independence 0.037 Largest shareholder − 0.038 − 0.034
(0.38) (− 0.56) (− 0.77)

Largest shareholder − 0.070* Institutional ownership − 0.040 − 0.015
(− 1.81) (− 1.29) (− 0.74)

Institutional ownership 0.002 Green disclosure 0.107*** 0.063***
(0.09) (3.83) (2.99)

Green disclosure − 0.005 CEO gender − 0.002 0.007
(− 0.38) (-0.05) (0.26)

CEO gender − 0.017 CEO age 0.114 0.090*
(− 0.72) (1.56) (1.76)

CEO age − 0.130*** CEO education − 0.006 − 0.003
(− 2.71) (− 0.40) (− 0.36)

CEO education 0.031***
(4.09)

Constant 0.750** Constant − 2.774*** − 1.718***
(2.37) (− 5.78) (− 4.24)

Year and Ind FEs yes Year and Ind FEs yes yes
N 12653 N 12653 12653
Adj. R2 0.052 Adj. R2 0.021 0.013
Cragg–Donald Wald F statistic 76.462 Hansen J statistic 0.536 0.212

DWH-test 24.121*** 16.845***
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relationship is more pronounced in less competitive indus-
tries. Columns 3 and 6 of Table 7 report the results using 
Green Patent and Green Invention Patent as the depend-
ent variables, respectively. Consistent with H4, we find the 
coefficient on Foreign Experience*Herfindahl Index to be 
positive and statistically significant at the 1% level (1.056, 
t = 3.32). We find similar results using Green Invention Pat-
ent as the dependent variable (0.837, t = 3.13). These results 
indicate that the positive relationship is more pronounced 
in less competitive industries, which is consistent with H4.

Additional Tests

Potential Mechanisms

In this subsection, we explore two potential mechanisms 
through which CEO foreign experience positively affects 
corporate green innovation: enhanced environmental ethics 
and enhanced general competency.

Enhanced environmental ethics One mechanism we dis-
cussed in the hypothesis development section is “enhanced 
environmental ethics.” We expect that returnee managers 
are more likely to act in such a way that prioritizes envi-
ronmental protection and thus enhance their firms’ green 
innovation. We test this mechanism by examining whether 
firms with returnee CEOs are more likely to get ISO 14001 

certification. ISO 14001 as an Environmental Management 
System (EMS) is certified by a third party. Prior studies 
suggest that ISO 14001 certification is typically viewed as 
a strong signal of a firm’s commitment to environmental 
protection (Potoski & Prakash, 2005).

The results are reported in Table 8 Panel A. The depend-
ent variable is ISO14001, which equals 1 if the firm obtains 
certification and 0 otherwise. We adopt a logit model to run 
the regression. Control variables are adopted from prior 
research (e.g., Lin et al., 2014). We include Performance 
(average sales per employee), No. of Employee (the number 
of employees), Firm Size, Firm Age, Asset Turnover (asset 
turnover ratio), Green Disclosure, and High Pollution (an 
indicator variable for industries with high pollution levels). 
Moreover, we include the CEO characteristics variables 
(CEO Gender, CEO Age, and CEO Education) as controls. 
Consistent with our prediction, we find that CEO foreign 
experience is positively associated with the likelihood of 
obtaining ISO 14001 certification. The coefficient on For-
eign Experience is 0.157 and significant at 5% level, which 
indicates the marginal effect of Foreign Experience on ISO 
14001 is 0.027.

Enhanced general competency Another mechanism dis-
cussed in the hypothesis development section is “enhanced 
general competency.” We expect foreign experience 
enhances CEO’s general competency. If that is the case, one 
might expect the positive effect of foreign experience on 

Table 7  Moderating effects

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respectively

Green patent Green invention patent

(1) (2) (3) (4) (5) (6)

Foreign experience 0.538** 0.025 − 0.001 0.746*** 0.004 − 0.021
(2.06) (1.37) (-0.03) (3.82) (0.37) (− 1.01)

Foreign experience *Financial constraint − 0.122* − 0.189***
(− 1.76) (− 3.72)

Financial constraint − 0.863*** − 0.549***
(− 12.40) (− 10.35)

Foreign experience *SOE 0.231*** 0.168***
(3.63) (3.58)

SOE − 0.037*** -0.020***
(− 3.19) (− 2.59)

Foreign experience *Herfindahl Index 1.056*** 0.837***
(3.32) (3.13)

Herfindahl Index 0.369*** 0.187**
(3.37) (2.36)

Controls Yes Yes Yes Yes Yes Yes
Year and Ind FEs Yes Yes Yes Yes Yes Yes
N 12653 12653 12653 12653 12653 12653
Adj. R2 0.190 0.166 0.165 0.152 0.127 0.126
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green innovation to be more pronounced in firms with more 
complex businesses. To test this prediction, we follow prior 
literature and use business segments as a proxy for business 
complexity (Hutton, 2005; Tong, 2011). If a firm has more 
than one segment, we code Complex as 1, meaning that the 
firm has diversified operations, and 0 otherwise. We parti-
tion the sample into subsamples based on Complex. Panel B 
of Table 8 reports the results. Consistent with our expecta-
tion, testing the coefficient difference suggests that the posi-
tive effect of CEO foreign experience is more pronounced in 
firms with diversified operations.

Characteristics of Green Innovation

While we examine green innovation by looking at the num-
ber of green patents and green invention patents, it is not 
clear whether the increase in the number is at the expense of 

quality. To investigate this possibility, we collect the number 
of citations for all patents and use it as a proxy for patent 
quality (e.g., Fang et al., 2014). We run the same regression 
model except for replacing the dependent variable with the 
number of citations.

Table 9 Panel A reports the results. The dependent varia-
bles are Green Patent Cites and Green Invention Patent Cites 
in columns 1 and 2, respectively. In both columns, the coef-
ficients on Foreign Experience are positive and significant 
at the 10% level. This suggests not only that firms having 
CEOs with foreign experience have more green innovations, 
but also that their green innovations are of higher quality.

Finally, we examine whether CEO foreign experience 
affects innovation strategy; specifically, the internationali-
zation of innovation. The innovation internationalization 
trend gained momentum in the last decade (Dachs & Pyka, 
2010). We measure the extent of internationalization by 
checking if a green (invention) patent is also filed overseas 

Table 8  Potential mechanisms

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respectively

Panel A: ISO 14001 regression result

ISO14001

Coefficient z-stat

Foreign experience 0.157** (2.01)
Firm size − 0.482*** (− 3.39)
Firm age 0.135** (2.35)
Performance 0.425*** (2.89)
No. of employee 0.514*** (3.64)
Asset turnover − 0.679*** (− 3.59)
Green disclosure 0.989*** (17.76)
High pollution 0.076 (0.21)
CEO gender − 0.181** (− 2.03)
CEO age 0.061 (0.37)
CEO education − 0.061** (− 2.35)
Constant − 1.060 (− 1.28)
Year and Ind FEs Yes
N 12653
Pseudo R2 0.052

Panel B: Partition by complexity of the business

Green patent Green invention patent

Complex = 1 Complex = 0 Complex = 1 Complex = 0

Foreign experience 0.108*** 0.053** 0.063*** 0.019
(4.25) (2.38) (3.82) (1.28)

Control variables Yes Yes Yes Yes
Year and Ind FEs Yes Yes Yes Yes
N 6353 6300 6353 6300
Adj. R2 0.165 0.177 0.130 0.137

551



 X. Quan et al.

1 3

(i.e., filed in other countries). Filing a green patent in 
other countries not only signals the quality of the patent 
(because the patent is recognized by other countries), but 
also reflects the firm’s strategic choice to explore overseas 
markets and to become internationally competitive. For a 
firm during a year, if at least one green (invention) patent 
is classified as international, we code the indicator vari-
able I18NGP (I18NGIP) as 1 and 0 otherwise. We use a 
logit model and regress I18NGP (I18NGIP) on Foreign 
Experience and all control variables. The results are pre-
sented in Table 9 Panel B. The coefficients on Foreign 
Experience are positive and significant at the 10% and 5% 
levels, respectively. Because this test is only performed on 
the sample with green (invention) patents, the number of 
observations reduces to 1954 (977). The results suggest 
that for firms having CEOs with foreign experience, their 
green innovations are more likely to be filed in multiple 
nations and their firms intend to compete internationally.

Summary and Discussion

We examine the impact of CEO foreign experience on 
green innovation. Using a sample of Chinese public com-
panies from 2007 to 2018 and hand-collected CEO foreign 
experience data, we find that CEO foreign experience is 
positively associated with the level of corporate green 

innovation, suggesting that CEOs with foreign experience 
are more likely to promote green innovation. Consistent 
with the resource-based view, we find that the positive 
association between CEO foreign experience and green 
innovation is more pronounced when CEOs with foreign 
experience are more likely to get support and resources. 
For example, we find the relationship is more pronounced 
in less financially constrained firms, in state-owned enter-
prises, and in less competitive industries.

The main result is robust to a battery of tests, includ-
ing alternative measures of foreign experience, firm fixed 
effects regression specifications, PSM matching proce-
dure, Heckman selection model, and instrumental variable 
approach. Moreover, our tests suggest that the potential 
mechanism behind our finding is that CEOs with foreign 
experience have greater awareness of environmental pro-
tection and better general competencies relative to their 
domestic peers. Additional tests also reveal that CEO 
foreign experience is associated with higher citations of 
green patents and a higher likelihood to register the green 
patents overseas.

Our paper contributes to the literature on the conse-
quences of CEO foreign experience and to the literature on 
the determinants of green innovation. More importantly, 
our results have implications for firms and governments 
interested in promoting green innovations. When firms 
appoint CEOs with foreign experience as a member of 

Table 9  Additional results

t statistics in parentheses
***, **, *Indicates significance levels at 0.01, 0.05, and 0.10, respectively

Green patent cites Green inven-
tion patent 
cites

(1) (2)

Panel A: The quality of green innovation
 Foreign experience 0.055* 0.054*

(1.73) (1.73)
 Control variables Yes Yes
 Year and Ind FEs Yes Yes
 N 12653 12653
 Adj. R2 0.096 0.092

I18NGP I18NGIP
(1) (2)

Panel B: The internationalization of green innovation
 Foreign experience 0.538* 0.645**

(1.81) (2.01)
 Control variables Yes Yes
 Year and Ind FEs Yes Yes
 N 1954 977
 Pseudo R2 0.176 0.165
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their management teams, their green innovation activi-
ties tend to increase. Moreover, our findings suggest that 
the government should consistently implement policies to 
attract and retain talent with foreign experience because 
these returnee managers positively contribute to the green 
innovation of local firms. Our results are relevant to other 
emerging economies, especially those that want to pro-
mote green innovations to protect the environment and 
maintain sustainable economic growth.

There are several avenues for future research. First, with 
more complete CEO background information, one might 
examine whether the improvement in green innovation is 
more pronounced when CEOs have STEM (Science, Tech-
nology, Engineering, and Math) background. Currently, 
due to data limitation, the educational background is not 
complete for many CEOs. Second, it will be interesting 
to explore the potential spillover effect of CEO foreign 
experience. While the central and local governments may 
keep attracting oversea talents to return to China for busi-
ness leadership positions through various policies and 
incentives, it is also critical to have domestic managers to 
understand the importance of green innovation toward sus-
tainable economic growth. Thus, one can explore whether 
and how the practices by returnee CEOs are adopted by 
domestic CEOs. If yes, how fast is this process? If no, 
what are the factors that impede such adoption? Third, 
while we only focus on CEOs’ foreign experience in this 
paper, future research can explore the international back-
ground of top management team members, including CFO, 
COO, and CIO, and how the diversity of top management 
team’s international background affects the impact of for-
eign experience on green innovation.

Appendix A

The Classification of Green Patents

We use two criteria to determine whether a patent is a green 
patent. If a patent meets either of the following two criteria, 
we define it as a green patent.

(1) We use the text analysis method to read the patent 
title. If the title of the patent declaration contains one 
or more of the twenty-five keywords listed below, the 
patent is classified as a green patent. The keywords 
are: garbage, environmental protection, waste water, 
waste gas, waste liquid, three wastes, sewage, waste, 
recovery, dust, odor, solid waste, pollution, flue gas, 
particles, sulfur dioxide, dust removal, desulfurization, 
new energy, smoke, dust emission, energy conserva-
tion, emission reduction, recycling, and green.

(2) We then use the IPC Green Inventory list to identify 
green patents. The IPC Green Inventory is developed 
by the IPC Committee of Experts to facilitate searches 
for patent information related to Environmentally 
Sound Technologies (ESTs). As shown in Table 10 
below, if the IPC classification number is C10L3/00, 
F02C3/28, H01M4/86, H01M8/00, H01M12/00, F03D, 
F24J1/00, F24J3/00, F24J3/06, B61, H02J, E04B1/62, 
E04B1/74, E04B1/88, E04B1/90, or F03G7/08, we 
classify the patent as a green patent.

Appendix B

See Table 11.

Table 10  The IPC green 
inventory list

TOPIC IPC

Biofuels C10L3/00, F02C3/28
Fuel cells H01M 4/86-4/98, 8/00-8/24, 12/00-12/08
Wind energy F03D
Other production of use of heat, not derived from 

combustion, e.g., natural heat
F24J 1/00, F24J 3/00, F24J3/06

Rail vehicles B61
Power supple circuitry H02J
Thermal building insulation, in general E04B1/62, E04B1/74-1/80, E04B 1/88, E04B 1/90
Recovering mechanical energy F03G7/08
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Table 11  Variable definitions

Variable Definition

Green patent Natural logarithm of one plus the number of green patents
Green invention patent Natural logarithm of one plus the number of green invention patents
Green patent cites Natural logarithm of one plus the number of citations of green patents
Green invention patent cites Natural logarithm of one plus the number of citations of green invention patents
Foreign experience A dummy variable that equals 1 if a firm’s CEO has study or work experience in developed countries (regions) and 

0 otherwise
Firm size Natural logarithm of the book value of total assets (RMB in thousands)
Firm age Natural logarithm of one plus the company’s age (in years)
Growth The percentage change of sales from the previous year
ROA Return on assets, which equals net income divided by total assets
Leverage The book value of total debts divided by the book value of total assets
Capital intensity Natural logarithm of the ratio of PPE to total number of employees
Board size Natural logarithm of one plus the number of directors on the board
Board independence The proportion of independent directors on the board
Largest shareholder The percentage of shares owned by the largest shareholder
Institutional ownership The percentage of shares owned by institutional investors
Green disclosure A dummy variable that equals 1 if a firm’s social responsibility report contains a “green and sustainable develop-

ment” section and 0 otherwise
CEO gender A dummy variable that equals 1 if a firm’s CEO is male and 0 otherwise
CEO age Natural logarithm of the CEO age (in years)
CEO education A four-point scale reflecting the highest levels of education attained (0 = no college degree, 1 = undergraduate 

degree, 2 = master’s degree or JD, 3 = Ph.D. degree)
Dual A dummy variable that equals 1 if the CEO is also the Chairman of the Board and 0 otherwise
Talent policy A dummy variable that equals 1 if the talent policy of the province where the company is located is implemented 

earlier than 2000 and 0 otherwise
Christian A dummy variable that equals 1 if there is at least one college founded by Christian missionaries in the province as 

of 1920 and 0 otherwise
Ind. foreign experience The industry-year mean percentage of firms having CEOs with foreign experience
SOE A dummy variable that equals 1 if a firm is a state-owned enterprise and 0 otherwise
Financial constraint Natural logarithm of the absolute value of SA index developed in Hadlock and Pierce (2010). A higher Financial 

Constraint value suggests that the firm is more financially constrained
Herfindahl index The sum of the squared share of each company’s sales to total sales in the same industry (based on 4-digit industry 

code)
ISO14001 A dummy variable that equals 1 if a firm attained ISO14001 certification and 0 otherwise
High pollution A dummy variable that equals 1 if a firm belongs to an industry with high pollution levels and 0 otherwise
Performance Natural logarithm value of sales per employee
No. of employee Natural logarithm value of the number of employees
Asset turnover Ratio of sales to total assets
Complex A dummy variable that equals 1 if a firm has more than one type of revenue (i.e., more than one business segment) 

and 0 otherwise
I18NGP A dummy variable that equals 1 if a firm filed at least one green patent overseas and 0 otherwise
I18NGIP A dummy variable that equals 1 if a firm filed at least one green invention patent overseas and 0 otherwise
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