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Abstract

Research question/issue: We examine whether and how board diversity, measured
by demographics (i.e., board gender, cultural diversity, tenure, social capital, expertise,
and age) and structural diversity (i.e., board independence, size, board seat
accumulation-chair, board compensation, and board meeting frequency), influence
corporate eco-innovation.

Research findings/insights: Utilizing a global sample of publicly listed companies for
the period 2004-2019, we find that a one-standard deviation increase in demo-
graphic and structural diversity translates into 4.66% and 7.11% higher corporate
eco-innovation, respectively. Furthermore, we discover that demographic and struc-
tural diversity promotes eco-innovation by offsetting the negative effects of political
risk. In an additional analysis, we find evidence that, in the absence of greater exter-
nal monitoring (institutional investors and analyst following), organizations benefit
more from the monitoring role of board diversity.

Theoretical/academic implications: By adopting the concept of “bundling the
governance mechanisms,” our study adds to the ongoing discourse about the func-
tion of board diversity in addressing corporate climate footprints by offering original
evidence that board diversity heterogeneity—demographic and structural diversity—
matters for corporate eco-innovation.

Practitioner/policy implications: Given the increasing pressure on companies to
manage their environmental impacts and carbon footprints, our paper has significant
ramifications for those involved in promoting eco-innovative business practices, such

as policymakers, regulators, and practitioners.
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1 | INTRODUCTION

Catastrophic climate change-generated incidents around the world
are now having serious consequences for man-made environmental
degradation and pollution, leading to much outcry among citizens
worldwide. Whether it is a worldwide revolt against the plastics indus-
try (Buranyi, 2018) or the continued practice of burning huge swathes
of the Amazon rainforests (AP, 2020), public pressure has pushed
global leaders to show urgency in dealing with climate change issues
(Arif et al., 2022; Benlemlih et al., 2022). Responding to public criti-
cism, there have been significant global efforts to tackle climate
change issues—from the Paris Climate Change 2016 Agreement to
the global commitments of COP 26 and COP 27. These global efforts
have given corporations added responsibility of controlling and
containing their environmental footprints. Consequently, corporations
are now under pressure to recognize climate change as a material
business risk and devise policies and procedures accordingly. Against
this backdrop, prior literature echoes environment-focused innovation
(also called eco-innovation)! as an effective business strategy
for corporations to reduce their environmental footprints (Zaman
et al., 2022), gain a competitive advantage (Nadeem et al., 2021), and
improve their long-term financial performance (Szutowski, 2020) and
public credibility.

Despite the importance of eco-innovation, its effective imple-
mentation requires significant corporate resources, which is why man-
agers, under the clientele effect of short-term profit maximization,
restrain themselves from accepting eco-innovation. In such instances,
the effective implementation of eco-innovation largely occurs at the
corporate boards' discretion. Being positioned at the apex of the
corporation, boards are generally responsible for monitoring manage-
ment, providing advice and access to resources, and determining com-
panies' long-term strategies, such as eco-innovation (Boivie
et al., 2016; Sierra-Moran et al., 2021; Zaman et al., 2022). However,
board actions are often constrained by their structure and diversity in
the composition, such as independence, skills and expertise, gender,
and cultural sensitivities, and age and tenure influence their decisions
(Aguilera et al., 2015, 2018; Boivie et al., 2016; Jain & Jamali, 2016).
To date, there is some disagreement in the academic literature about
what diversity structures give boards an advantage in terms of navi-
gating challenges related to eco-innovation adoption (Jain &
Jamali, 2016; Zaman et al., 2022), with the empirical evidence being
inconclusive in many cases (Sierra-Moran et al., 2021). This is because
most governance studies employ single diversity characteristics (gen-
der diversity, directors' independence, board meeting frequency, and
directors' age (Jain & Jamali, 2016) in their estimations. However,
recent studies criticize the standalone, single characteristics approach
because the board of directors does not operate in isolation but rather
reflects a group's judgement (Desender et al, 2016; Jain &
Zaman, 2020; Schiehll et al., 2014). Presence and absence of certain
indicators have the potential to influence strategic board decision-
making, such as eco-innovation in the current study (Oh et al., 2018).
Against this backdrop, the current study investigates whether and

how board diversity, such as demographics (including board gender,

cultural, tenure, social capital, expertise, and age) and structural
features (board independence, size, board seat accumulation - chair,
board compensation, and board meeting frequency), influence
corporate eco-innovation.

We draw on multiple theoretical rationales to establish the
relationship between board diversity and eco-innovation. First, the
stakeholder-agency theory argues that differences in objectives
between agents (managers) and multiple principals (stakeholders)
create stakeholder-agency conflicts (Hill & Jones, 1992), and a diverse
board protecting stakeholders' interests lowers these conflicts. For
instance, on one hand, inherent characteristics of eco-innovation,
such as higher capital cost, delayed payback period, and high failure-
to-success ratio, may limit managers' efforts to implement such activi-
ties. On the other hand, pro-environmental stakeholders, interested in
corporate eco-innovation activities, count on the board of directors to
lower stakeholder-agency conflict by encouraging managers to
embrace eco-innovation practices. Prior literature argues that diverse
board structures, comprising several individual components related to
demographic and structural diversity, are in a better position to pro-
tect stakeholders' rights (Hill & Jones, 1992; Jain & Jamali, 2016;
Jain & Zaman, 2020) and may positively encourage an organization to
show eco-innovation commitment.

Second, resource dependence theory contends that every corpora-
tion holds a unique set of tangible and intangible resources and capa-
bilities. Such resources and capabilities, when companies effectively
channel them, lead to better business outcomes, including general
innovations (see Barney, 1991; Ferreira et al., 2020). Similarly, this
theory asserts that organizations extract resources from the external
environment, and outside pressures, such as a higher level of global
environmental awareness, can influence resource-seeking ability
(Wincent et al., 2010). In such cases, a highly diverse board (rich in
demographic and structural diversity), when properly constituted,
might benefit companies in accessing strategically important
resources. Such diverse boards link organizations to the outside
environment and provide resources for improving companies' eco-
innovation capabilities.

Third, the upper echelons perspective provides theoretical support
for the relationship between board diversity and eco-innovation.
Upper echelons theory argues that board composition is vital in set-
ting corporate strategy and strategic decisions (Hambrick &
Mason, 1984). According to this theory, directors' thought processes
and decisions are contingent on their personal attributes, including
experiences, knowledge, expertise, and values (Hambrick, 2007). Con-
sequently, a more diverse board (demographic or structural diversity)
brings a variety of perspectives, including a broader knowledge base,
and contributes to distinct decisions being made (Harjoto
et al., 2018)—all of which remain instrumental in achieving higher
organizational environmental commitment such as eco-innovation
(Nadeem et al., 2020). Cosma et al. (2021) support this assertion and
argue that a more diverse board (a large proportion of female direc-
tors, directors with financial expertise, and independent directors)
positively relates to companies' being more in tune with environmen-

tal protection.
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Despite the above three theoretical paradigms portraying a posi-
tive image of diversity in board structure, leading to more eco-
innovation activities, there is still a debate in the literature where
some studies contend that there is detrimental impact of diversity on
board processes and outcomes (Phillips & O'Reilly, 1998). Contrary
arguments are attributed to the similarity/attraction theory
(e.g., Berscheid & Walster, 1978). Similarity/attraction theory postu-
lates that similar groups of people are attracted to those they resem-
ble (e.g., Berscheid & Walster, 1978; Byrne et al., 1966). Accordingly,
diversity in the form of directors' characteristics (e.g., independence,
gender, age, and culture) creates ingroup/outgroup bias and cognitive
prejudices. It also hampers the board's deliberation, causing conflict
among directors and ultimately affecting the organization's desired
outcomes (e.g., Jehn, 1997, O'Reilly et al, 1993; Riordan &
Shore, 1997; Nadeem, 2022). Since eco-innovation has a higher capi-
tal cost, delayed return on investment, and high failure-to-success
ratio, greater diversity might exacerbate these ingroup/outgroup
biases and cognitive biases. This scenario subsequently leads to a neg-
ative association between board diversity and eco-innovation.

To test the above conflicting arguments, we employ a global data-
set of publicly listed firms from 2004 to 2019 and find evidence
that a one-standard deviation increase in demographic and structural
diversity corresponds to a 4.66% and 7.11% increase in corporate
eco-innovation, respectively. Furthermore, we discover that demo-
graphic and structural diversity promotes more eco-innovation by off-
setting the negative effects of political risk. In an additional analysis,
we find evidence that the documented positive association between
board diversity, measured by demographics and structural diversity
and corporate eco-innovation, is more pronounced in firms with poor
external monitoring. This implies that in the absence of greater
external monitoring (institutional investors and analyst following),
companies benefit more from the monitoring role of board diversity.

This study contributes to the literature in several ways. First, it
extends the growing body of research on board diversity in eco-
innovation, by using two dimensions of diversity: first, demographic
diversity, which includes board gender, culture, tenure, social capital,
expertise, and age; and second, structural diversity, which includes
board independence, size, board seat accumulation (chair), board com-
pensation, and board meeting frequency. Prior literature has tradition-
ally focused on single diversity characteristics such as gender diversity
and/or board independence—resulting in divergent literature out-
comes (Jain & Jamali, 2016; Sierra-Moran et al., 2021; Zaman
et al., 2022). Second, we provide new perspectives on how demo-
graphics and structural diversity influence corporate eco-innovation.
Prior research concentrated on the linear relationship between a sin-
gle diversity metric and corporate innovation (see Nadeem
et al., 2020) without addressing the underlying conditions. We expand
on such literature by testing for political risk and monitoring channels
in board diversity and eco-innovation relationship. Finally, our
research has substantial policy and practice implications—as our
results suggest that diversity heterogeneity matters in promoting eco-
innovation. Their reliance on specific diversity traits, such as gender

diversity or board independence, will not produce the desired results,

particularly when it comes to promoting firms' ‘green’ committees
that deal with issues such as eco-innovation.

The rest of this paper is structured as follows. In part two, it pro-
vides a literature review on the relevant studies and provides the
hypotheses. The third section discusses the methodological approach,
which includes the sample and data, variable measurements, and esti-
mation model. Section four summarizes and examines the findings.
Finally, section five concludes this paper with a summation of the

main themes covered here.

2 | LITERATURE AND HYPOTHESES

21 | Eco-innovation
In recent decades, climate change, escalating environmental pollution,
irremediable damage to the Earth's biodiversity, and intensified exploi-
tation of finite natural resources have become major concerns for
societies around the world (Carvajal et al., 2022; Talpur et al., 2023).
Being major contributors to such problems, companies face enormous
pressures from different stakeholders, communities, and policy-
makers/regulators to be innovative and remedial in their business
practices; they now have to be environmentally friendly as well as
economically profitable (He et al., 2018; Zaman et al., 2021). Eco-
innovation, also referred to as green/environmental innovation, repre-
sents a type of innovation encompassing new or modified systems,
products, practices, and processes, which bring sustainable benefits to
the environment (Liao et al., 2018). Eco-innovation is mutually benefi-
cial for its positive effects on the environment through diminishing
waste, minimizing pollution, and augmenting corporate profitability
through embedding innovativeness in the production or manufactur-
ing process and efficient use of resources (Zaman et al., 2022).
Despite the fact that eco-innovation is increasingly desired by
stakeholders, including customers and regulators, it has several idio-
syncratic characteristics—restraining managers from adopting eco-
innovative business operations. First, eco-innovation is a complex pro-
cess including changes within the production process and the risk of
product failure—making firms' managements wary of such risky
investments (Christensen, 1997). Second, the diffusion of eco-
innovation is a very slow process and returns on investment in such
projects cannot be realized immediately (Kemp & Volpi, 2008). Since
eco-innovation projects are long-term investments that can cast
doubts on firms' short-term financial performance, businesses facing
financial constraints and managers concerned about short-term per-
formance are less likely to give eco-innovative projects the go-ahead.
Finally, eco-innovation cannot happen in isolation at the firm level,
rather is in fact a systemic process requiring changes in raw materials,
waste management practices, and cooperation among industrial
partners—making it an extremely interdependent process calling for
different stakeholders to work together (Tang et al., 2015).
Nonetheless, eco-innovation is beneficial for a firm, in addition to
its positive impacts on the environment. For instance, Liao (2018a)

observes that firms' investments in eco-friendly products or
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goods/services significantly enhance their financial performance.
More recently, Alos-Simo et al. (2020) report that eco-innovation is
positively associated with the revenues of Spanish companies across
different sectors. Similarly, Zaman et al. (2022) find that eco-
innovative firms face significantly lower stock price crash risk com-
pared with their less innovative counterparts. Prior literature high-
lights several factors that can affect an organization's willingness to
invest in eco-innovation, including stakeholder pressures (Yu
et al., 2017), institutional environment (Liao, 2018a; Pickman, 1998),
resources (Cainelli et al., 2015; Li, 2014), and industry competition
(Liao et al., 2018b). Along the same lines, the managerial interpreta-
tions, individual characteristics, and thought processes of a company's
directors are considered as important drivers of environmental inno-
vation (Sharma, 2000). Furthermore, Cuerva et al. (2014) argue that a
firm's abilities can stimulate eco-innovation since companies require
considerable financial and non-financial resources for such projects to
be undertaken and successfully completed.

Corporate boards, being positioned at the apex of firms, are gen-
erally responsible for monitoring managerial actions, protecting stake-
holders' interests, providing advice and access to resources, and
determining companies' long-term strategies, such as eco-innovation
(Boivie et al., 2016; Sierra-Moran et al., 2021; Zaman et al., 2022).
Scholars in this stream of the literature have recently begun to investi-
gate the impact of board characteristics on firms' willingness to adopt
eco-innovative practices. For instance, Garcia-Sanchez et al. (2021)
find that independent directors are significantly and positively associ-
ated with implementing eco-innovation and eco-design projects. Simi-
larly, Arena et al. (2018) document that CEO hubris facilitates firms'
engagement in green innovation activities. In their work, Nadeem
et al. (2020) find that the boards' gender composition is vital for eco-
innovation, reporting that female directors significantly increase firms'
willingness to implement eco-innovative projects. Nevertheless, a
major concern with prior studies on the board-level determinants of
eco-innovation is that these studies employ single diversity attributes.
Some studies (e.g., Desender et al., 2016; Schiehll et al., 2014) have
argued that boards of directors do not operate in isolation but rather
reflect a group's logic—suggesting that the presence and absence of
certain indicators have the potential to influence strategic board
decision-making, that is, eco-innovation in our case. To fill this void in
the literature, this study attempts to investigate whether and how
boards' demographic diversity (gender, cultural, social, expertise, and
age-related issues) and structural diversity (reflecting board indepen-
dence, size, board seat accumulation, chair, compensation, and meet-

ing frequency) affect corporate eco-innovation practices.

2.2 | Board demographic and structural diversity
and eco-innovation

Corporate boards, being at the top of the firm, assume two key roles
in a company: a monitoring role and a resource/advisory role (Jain &
Zaman, 2020; Nadeem, 2020). The former involves a board's ability to
monitor and influence managers' day-to-day decisions concerning

business operations, and the latter implies that boards play a crucial
role in connecting a firm to the external environment in order to pro-
cure necessary resources. However, boards' actions are often shaped
by their structure and diversity in their composition, such as indepen-
dence, skills and expertise, gender and cultural sensitivities, and age,
and corporate strategic decisions often reflect such board attributes
(Aguilera et al., 2015, 2018; Boivie et al., 2016; Jain & Jamali, 2016).
Conceptualizing directors' role as advisors, Ben-Amar et al. (2013), for
instance, argue that board effectiveness relies on diversity of cultures,
experiences, and genders, referred to as board's demographic diver-
sity. The literature on governance mechanisms has vastly explored
the role of board characteristics in corporate strategic directions,
including environmental orientation, yet the findings remain incon-
clusive (e.g., Nadeem, 2021; Sierra-Moran et al., 2021). For example,
Ararat et al. (2015) find that a board's demographic diversity is posi-
tively associated with firm performance, indicating that demographi-
cally diverse boards bring diversity and new perspective to firms'
strategic directions. Similarly, Hafsi and Turgut (2013) document a
significant positive relationship between board diversity and firms'
social performance. Conversely, Adams and Ferreira (2009) find that
although board gender diversity improves corporate board dynamics,
the average effect of gender diversity on firm performance is
negative.

One of the primary reasons of inconclusive findings in the gover-
nance scholarship, according to Jain and Jamali (2016), is that most
prior studies have focused on governance mechanisms as indepen-
dent constructs (e.g., gender, race, expertise, ownership)—implicitly
assuming that boards of directors operate in isolation. However, rela-
tively recent research (e.g., Desender et al., 2016; Schiehll et al., 2014)
contends that boards are workgroups with complex monitoring and
advising tasks, and corporate strategic decisions reflect groups' logics.
It has been argued by Aguilera et al. (2008) and Dalton et al. (2003)
that corporate strategic orientation depends on the efficiency of a
bundle of governance mechanisms since several governance mecha-
nisms interactively influence organizational outcomes in complex
ways. Therefore, the purpose of this study is to examine the impact of
boards' demographic and structural diversity, measured by bundling
different governance mechanisms, on corporate eco-innovation—a
strategic decision corporate boards need to make against the back-
drop of alarming changes in the world's climate.

A board's demographic diversity encompasses gender diversity,
cultural diversity, tenure, social capital, directors' expertise, and age,
and structural diversity encircles board independence, size, board seat
accumulation, board chair, compensation, and board meeting fre-
quency. In line with the “bundling the governance mechanisms”
notion put forward by Ward et al. (2009) and Garcia-Castro et al.
(2013), we contend that different board attributes do not act in isola-
tion. Instead, board characteristics interact with each other to have an
aggregate effect on corporate decision-making. We draw on the fol-
lowing multiple theories to establish a link between boards' demo-
graphic and structural diversity and eco-innovation.

First, the stakeholder-agency theory proposes that a typical firm
is composed of different stakeholders (Freeman, 1999; Hill &
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Jones, 1992), who have implicit contracts with each other concerning
a wide range of interests which, at times, could be conflicting (Jain &
Zaman, 2020). Motivated by their own interests, managers may
opportunistically shun strategic projects beneficial for multiple stake-
holders. Given that eco-innovation activities are costly, riskier, and
may have adverse impacts on short-term performance, self-interested
managers are less likely to invest in such projects—raising agency
issues. In such circumstance, stakeholders expect boards of directors
to lower stakeholder-agency conflicts by encouraging managers to
undertake pro-environmental projects (Jain & Zaman, 2020;
Nadeem, 2021). Prior literature maintains that diverse board struc-
tures encompassing demographic and structural diversities are in a
better position to protect stakeholders' interests (Hill & Jones, 1992;
Jain & Jamali, 2016) and thus may positively get the organization to
commit to eco-innovation-related projects.

Second, resource dependence theory maintains that the corpo-
rate strategic orientation of a firm is linked to the opportunities that
are available to access the necessary resources, upon which firms' sur-
vival is contingent (Pfeffer & Salancik, 1978). Boards of directors play
a vital role in linking a business to the external environment in order
to access necessary resources (Nadeem, 2020). Prior studies
(e.g., Wincent et al., 2010) argue that diverse boards, rich in demo-
graphic and structural attributes, are more likely to benefit their firms
in terms of providing access to vital resources and effective advising.
Given that eco-innovation projects require strategic partnerships,
changes throughout the supply chain, and cooperation from different
stakeholders, demographically and structurally diverse boards are
expected to link the organization to the external environment and
provide resources for improving organizational eco-innovation
capabilities.

Third, upper echelons theory argues that firms' outcomes reflect
top managements' decisions and choices (Hambrick & Mason, 1984).
Demographic attributes such as age, education, and background of
upper echelons are deemed to be vital predictors of corporate policy-
making. For example, Hambrick (2007) argues that executives per-
ceive situations and alternatives through individualized lenses shaped
by their personal attributes such as experience and demographic fea-
tures or circumstances. Consequently, a more diverse board (demo-
graphically and structurally) is expected to introduce a variety of
perspectives, including a broader knowledge base, and contribute to
diverse decision-making—all of which is vital for policymaking con-
cerning eco-innovation. In this regard, prior studies such as Cosma
et al. (2021) provide empirical evidence that diverse boards (with
female proportion, financial expertise, and independent directors) are
positively associated with corporate environmental orientation. Con-
sequently, to the extent that eco-innovation requires substantial
resources and cooperation from different stakeholders, and a board's
demographic and structural diversity represent diverse stakeholder
interests, this helps firms access necessary resources and shape cor-
porate strategic orientation. We expect a positive relationship to
appear between a board's demographic and structural diversity and
corporate eco-innovation. Based on this argument, we present the fol-

lowing hypotheses.

H1. Board demographic diversity is positively associ-

ated with eco-innovation.

H2. Board structural diversity is positively associated

with eco-innovation.

3 | RESEARCH METHODOLOGY

3.1 | Sample

Our analyses require several databases to be searched. Refinitiv Eikon
provides the eco-innovation score. Bloomberg provides corporate
governance data, including board structure and demographic-diversity
variables. The Compustat Global database serves to extract all
company-level financial information data. World Governance Indica-
tors are sourced from the World Bank. Hassan et al. (2019) provide
firm-level political risk. We begin our sampling by collecting data for
all publicly traded global firms covered by Refinitiv Eikon from 2004
to 2019. Our sample period dates to 2004, as this is the first year for
which data on eco-innovation are available. Our initial sample con-
sisted of 59,883 firm-year observations. We merged all databases and
deleted firm years with missing data on our dependent, explanatory,
and financial variables. Our final sample amounted to 22,528 firm-
year observations from 36 countries.

3.2 | Dependent variable: eco-innovation

Prior literature relies on survey/questionnaire methods to measure
eco-innovation (e.g., Eiadat et al., 2008; Peng & Liu, 2016). How-
ever, this method may lack verifiability and objectivity, as respon-
dents' views on the questions being asked may be influenced by
their personal beliefs and assumptions (Arena et al., 2018). Arena
et al. (2018) and Nadeem et al. (2020) developed a self-created
environmental innovation index through specific indicators. More
specifically, they use total sum scores for a focal firm that would
range from O (no disclosure made on any indicator) to a maximum
of 6 (disclosure made on all indicators). However, self-developed
index effectiveness induces selection noise and has been criticized
in the extant literature (see Zaman et al., 2021). The Refinitiv Eikon
score was recently employed by Zaman et al. (2021) to assess the
extent of eco-innovation among businesses. The eco-innovation
score from Refinitiv Eikon measures a company's ability to reduce
environmental costs and burdens for its consumers, opening up
new market opportunities by developing new or improved environ-
mental technology, processes, or eco-designed goods or procedures
(See, Refinitiv Eikon). The eco-innovation score from Refinitiv
Eikon is a weighted average industry-adjusted composite score on
a scale of 0-100 that considers 20 criteria pertaining to
organizational eco-products and eco-processes. A score of
100 indicates a high level of commitment to eco-innovation

(see Zaman et al., 2021 for details).
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3.3 | Independent variables

Scholars have noted the inconclusive literature findings on board
diversity and environmental responsibility because a single diversity
characteristic was deployed (gender diversity, directors' indepen-
dence, board meeting frequency, and directors' age; see Jain &
Jamali, 2016; Zaman et al., 2022) in their estimations. Because the
board of directors does not operate in isolation but rather reflects the
logic of a group, recent literature favors the categorization/bundle
approach (Desender et al., 2016; Jain & Zaman, 2020; Schiehll
et al., 2014). For instance, Harjoto et al. (2018) examined the relation-
ship between board diversity and corporate investment oversight by
measuring diversity in two ways: relation oriented (gender, race, and
age) and task oriented (tenure and expertise). Similar to this, Sierra-
Morén et al. (2021) did a meta-analysis to investigate the impact of
board diversity—grouped by demographic and structural diversity—on
businesses' overall innovation. We used two dimensions: first, demo-
graphic diversity, which includes board gender, culture, tenure, social
capital, expertise, and age; and second, structural diversity, which
incorporates board independence, size, board seat accumulation -
chair, board compensation, and board meeting frequency. We did this
in accordance with the recent literature on board diversity bundles,
particularly Harjoto et al. (2018) and Sierra-Moran et al. (2021). We
assess board diversity using the BLAU index, a popular demographic
study measure (Blau, 2000). We calculated the BLAU index using the

below equation.
BLAU index=1-" "P? (1)

where P is the proportion of individual categories, and i is the number
of categories. An index value of 1 indicates perfect heterogeneity,
while a zero value reflects perfect homogeneity. We employed a two-
step process to measure both Demographic diversity and Structural
diversity. First, we created an individual BLAU index for each indicator
of demographic diversity (structural diversity), namely board gender-
BLAU, board cultural diversity-BLAU, board tenure-BLAU, board
social capital-BLAU, board expertise-BLAU, and board age-BLAU
(board independence-BLAU, board size-BLAU, board chair-BLAU,
board compensation-BLAU, and board meeting frequency-BLAU).
Finally, our final measure, demographic diversity (structural diversity)
is defined as the sum of all relevant BLAU indices of the respective
category.

3.4 | Control variables

We also control for several firm-specific characteristics that may
guide eco-innovation (Liao et al., 2015; Nadeem et al., 2020). First
of all, these include overall environmental, social, and governance
(ESG) performance because companies with higher ESG may under-
take more environmentally innovative projects (Zaman et al., 2022).
We also control for firm-specific financial variables: firm size (Firm
SIZE) is measured as the natural logarithm of total assets; financial

performance (ROA) is measured as income before extraordinary
items divided by total assets; LOSS takes the value of one if the
company suffered a loss in year t, zero otherwise; market
performance — market value divided by book value; leverage (Lever-
age) is total debt to total equity ratio; capital intensity (CAPX_TA) is
net property, plant, and equipment divided by total assets; research
and development (R&D_TA) is total research and development
expense divided by total assets; foreign income (Ln_Foreign Income)
is the natural logarithm of companies total income operations out-
side the country of origin. Finally, we also take into account the
institutional infrastructure at the national level using the global gov-
ernance indicator (W.G index). This is because businesses operating
in strong institutional environments may have easier access to
resources that make eco-innovation possible.

To empirically examine the impact of board diversity, grouped by
demographic diversity and structural diversity, on eco-innovation, we

developed the following estimation model:

Eco — innovation;, 1 = ag + a1 Demographic diversity;;
+ apStructural diversity;; + a,Controls;;
+ Year Fixed Effect + Industry Fixed Effect
+ Country Fixed Effect + & (2)

where, Eco-innovation reflects the Refinitiv Eikon environmental
innovation score of company i at year t-+1. Demographic diversity
includes the sum of all BLAU indices related to individual indicators
including board gender, culture, tenure, social capital, expertise, and age.
Structural diversity comprises the sum of the BLAU indices related to
board independence, size, board seat accumulation - chair, board com-
pensation, and board meeting frequency. Controls represent a vector of
all control variables defined in Section 3.4. Fixed effects for the year,
industry, and country account for time-invariant, sectoral and country
variation that may be related to the dependent and independent vari-

ables. The Appendix contains detailed explanations of the variables.

4 | RESULTS

4.1 | Descriptive statistics

The descriptive statistics for the dependent, independent, and control
variables are shown in Table 1. The Eco-innovation average score
(23.5) continues to be low, meaning that businesses throughout the
world are performing badly in terms of adopting environmentally
innovative processes and practices. Similarly, in terms of our explana-
tory factors, the mean score indicates that organizations are more
committed to demographic than structural diversity. This disparity
might be attributable to stakeholder pressure on corporations to
increase diversity at the upper echelon levels. Regarding control vari-
ables, the ESG average score of 27.9 suggests that global firms have
less favorable preferences for overall ESG performance. All other
financial characteristic controls are consistent with the literature (see
Liao et al., 2015; Zaman et al., 2022).
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TABLE 1 Descriptive statistics. N Mean Std. dev. p25 Median p75
Dependent variable
Eco-innovation 22,528 23.541 31.245 0.000 0.000 50.000
Independent variables
Demographic diversity 22,528 0.476 1.434 0.279 0.892 1.282
Structural diversity 22,528 0.289 0.224 0.025 0.309 0.512
Control variables
ESG score 22,528 27.944 23.867 0.000 29.300 43.273
Firm SIZE 22,528 16.395 2.260 14.808 15.966 17.542
ROA 22,528 5.775 7.575 2.060 5.350 9.160
LOSS 22,528 0.134 0.341 0.000 0.000 0.000
MTB 22,528 2.857 3.824 1.230 2.040 3.280
Leverage 22,528 0.257 0.184 0.110 0.241 0.370
CAPX_TA 22,528 0.047 0.050 0.013 0.033 0.062
R&D_TA 22,528 0.016 0.040 0.000 0.000 0.009
Ln_Foreign income 22,528 0.895 1.654 0.000 0.000 0.806
W.G index 22,528 83.798 12.461 84.281 84.948 89.380

Table 2 presents the correlation matrix that reveals a significant
positive association between demographic and structural diversity
with eco-innovation; it provides initial support for our hypothesis.
Furthermore, the reported results indicate that the Pearson correla-
tion coefficient of all explanatory factors is less than 0.80.
(Wooldridge, 2010). Therefore, multicollinearity does not appear to be

a problem in this investigation.

4.2 | Baseline results

The regression results for Equation 2 are shown in Table 3. Models
(1) to (3) provide regression findings for the influence of demo-
graphic and structural diversity on eco-innovation in the absence of
control factors. Models (4) through (6) investigated the same but
with control variables, along with country, industry, and year fixed
effects.

The findings of our models (1) to (6) demonstrate that the coeffi-
cient estimates on demographic and structural diversity are positive
and substantial, confirming that board diversity considerably enhances
eco-innovation. In particular, the coefficient estimates on the demo-
graphic and structural diversity in column (6) are 0.766 (p-value .01)
and 7.474 (p-value .01), with a statistical significance of 1%. These
findings are economically significant. A one-standard deviation
increase in demographic and structural diversity, for example, corre-
sponds to 4.66% and 7.11% increases in eco-innovation, respectively.

At the onset of control variables, we find that large firms (Firm
Size) with better financial performance (ROA) and higher research and
development expenses (R&D_TA) are associated with eco-innovation.
Companies with foreign operations (Ln Foreign Income), particularly
operating in nations where there is a lot of government oversight
(W.G Index), are in a better position to accept eco-innovation.

Conversely, companies focusing on market performance (MTB) and
heavy capital investment (CAPX_TA) are negatively associated with

eco-innovation.

4.3 | Board demographic and structural diversity
and eco-innovation: does firm-level political risk
matter?

Strong environmental commitment actually worsens productivity
because it forces a company to devote a large portion of its resources
to putting environmentally friendly practices in place, which is time-
consuming and expensive to do (Palmer et al, 1995; Rassier &
Earnhart, 2010). This reallocation of funds to the acquisition of envi-
ronmentally friendly practices will to some extent undermine manage-
rial and financial objectives, including profitability (Sarkis &
Cordeiro, 2001; Walley & Whitehead, 1994). Such activities rely on
the outside environment and may be restricted or stopped in
response to various political demands. Literature mapping on the neg-
ative effect of eco-innovation maintains that development and imple-
mentation are costly and heavily dependent on state and/or
government incentives (Walley & Whitehead, 1994) that may be cur-
tailed or withdrawn in response to fluctuating political imperatives.
Further, higher capital costs, a longer payback period, and a high
failure-to-success ratio of eco-innovation make an ideal case for polit-
ical risk. Consequently, companies that are exposed to political risk
invariably face higher uncertainties that are counter to market
demand, harm to their reputations, high operating costs due to addi-
tional statutory compliance requirements, future litigation, and
enforcement activities. All of these can result in some companies
going out of business—which may limit or simply stop any general

trend toward eco-innovation.
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Pearson correlation.

TABLE 2

(13)

(2) @3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

(1)

1.000
0.064***

Variables

(1) Eco-innovation

1.000
—0.094***
0.018***

(2) Demographic diversity

1.000
0.697***

0.136***

(3) Structural diversity
(4) ESG score

(5) Firm SIZE

(6) ROA

ZAMAN ET AL.

1.000
0.051***

0.135***

1.000
—0.084***
—0.118***
—0.169***
—0.038***
—0.029***
—0.256"**

0.022***

0.014**
—0.033***

0.042***

0.333***

1.000
—0.570***
0.225***

—0.056***

0.007
—0.001
—0.006

—0.011*
—0.011*
—0.023***
—0.027***

—0.020***
—0.055***
—0.062***
—0.029***
—0.048***

1.000
—0.044***

0.012*

0.009
-0.010
—0.007

—0.031***
—0.029***
—0.086***
—0.054***

(7) LOSS
(8) MTB

1.000
—0.025***

—0.012*
0.007
—0.024***
—0.041***
—0.114***
—0.083***

1.000
0.116***

0.114***

—0.087***
0.075***

(9) Leverage
(10) CA
(11)

1.000
—0.086™**
—0.022***
—0.043***

0.016**
0.200***

0.029***

PX_TA
R&D_TA

1.000
0.065***

—0.163***
—0.084***
—0.042***

0.128***
—0.050***

—0.041***
0.079***

—0.004
0.033***

1.000
0.072***

(12) Ln_Foreign income 0.023***

(13) W. G index

1.000

0.071***

-0.010

—0.045*** 0.033***

—0.315***

0.006

0.016**

***p <.01.%*p < .05.*p < .1.

Since organizations draw their resources from the outside world,
external pressures like a higher level of political risk can make it diffi-
cult for organizations to find resources (Wincent et al., 2010). Sup-
porting this, Hassan et al. (2019) advocate that businesses cut back on
investment when political risk increases. However, we believe that
board diversity, when properly structured in terms of demographics
and structural features, may help businesses gain access to strategi-
cally important resources and get around political risk-related obsta-
cles. We anticipate that businesses with greater demographic and
structural diversity may experience more eco-innovation due to
reducing the negative effects of political risk.

We employ an interaction variable approach to examine the role
of political risk in demographic and structural diversity and eco-

innovation by employing Equation 3 as follows.

Eco — innovationj; .1 = ag + a1 Demographic diversity = Political Risk;;
+ ayStructural diversity * Political Risk;;
+ azgDemographic diversity;;
+ aaStructural diversity; + as Political Risk;;
+ a;Controls;; + Year Fixed Effect
+ Industry Fixed Effect + Country Fixed Effect + ;¢

©)

where Political Risk is a textual measure that indicates how much time
is spent discussing political risks during a company's quarterly earnings
conference calls. We present our results in Table 4.

Despite the fact that the results of models (1) through (3) show
that political risk significantly lowers eco-innovation, the coefficient
estimates of the interaction between Political Risk and Diversity, both
demographic and structural diversity, remain significant and positive
at a level of 1%. These findings support the resources-based theory's
view that a board of directors from diverse backgrounds enhances a
company's capacity to increase resources, particularly in the face of

high political risk.

44 | Board demographic and structural diversity
and eco-innovation: does external corporate
governance matter?

In this section, we explore whether the positive association between
board demographic and structural diversity and eco-innovation varies
across external monitoring. Due to the nature of eco-innovation oper-
ations, in particular their emphasis on reducing corporate environmen-
tal impact, such businesses may attract more institutional investors
and equity analyst support. Due to a notable increase in responsible/
sustainable investment that considers businesses' environmental ele-
ments, the existence of major institutions and analyst followings may
improve companies' eco-innovation strategies. Eccles and Klimenko
(2019), for instance, conducted interviews with 70 executives from
43 international investing institutions. Their data reveal that when
deciding where to invest their capital, major global financial institu-
tions take the environmental impact of potential investors into

account. In addition, having well-developed external corporate
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TABLE 3 Board diversity and eco-innovation.
Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
Demographic diversity 0.787*** 0.957*** 0.633*** 0.766***
(6.07) (7.33) (5.22) (6.26)
Structural diversity 8.209*** 9.102*** 6.396*** 7474
(8.58) (9.45) (5.76) (6.66)
ESG score 0.057*** 0.019* 0.014
(6.75) (1.82) (1.29)
Firm size 5.293*** 5.316*** 5.305***
(58.08) (58.32) (58.26)
ROA 0.119*** 0.120*** 0.116***
(4.46) (4.50) (4.37)
LOSS —2.095*** —2.063*** —2.087***
(—3.55) (—3.49) (—3.54)
MTB -0.116*** -0.116*** —-0.117**
(—2.73) (—2.72) (—2.75)
Leverage 0.717 0.806 0.755
(0.77) (0.87) (0.81)
CAPX_TA —8.479*** —8.652*** —7.872*
(—2.58) (—2.64) (—2.40)
R&D_TA 84.473*** 84.688*** 84.207***
(18.38) (18.50) (18.40)
Ln_Foreign income 0.971*** 0.960*** 0.972***
(8.56) (8.47) (8.57)
W.G index 0.357*** 0.357*** 0.357***
(22.84) (22.81) (22.81)
Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Country FE Yes Yes Yes Yes Yes Yes
Observations 22,528 22,528 22,528 22,528 22,528 22,528
Adjusted R? 0.160 0.161 0.163 0.278 0.278 0.279

Note: This table reports results for the impact of board demographic and structural diversity on eco-innovation. All variables are defined in the Appendix.

kkk Kk

,**, and * represent significance at the 1%, 5% and 10% levels, respectively.

governance mechanisms, such as institutional investors and analyst
monitoring, enhances managerial oversight and motivates businesses
to pursue eco-innovation. On the other hand, businesses with weak
external corporate governance mechanisms might adopt a staggered
strategy for eco-innovation.

Prior literature on board monitoring suggests that board diversity,
demographic and structural diversity, improves board monitoring by
lowering stakeholder interest (Zaman et al., 2021; Zaman et al., 2022),
leading to more eco-innovation. This is important because managers
may opportunistically avoid strategic projects that benefit many
stakeholders. They are motivated by their own interests and are less
likely to invest in such projects because they are more expensive, risk-
ier, and may harm short-term performance—all of such discouraging

them from committing to eco-innovation. We empirically anticipate

that our arguments related to monitoring the role of demographic and
structural diversity hold, then the positive relationship between board
diversity and eco-innovation should be more (less) pronounced in
companies with poor (good) external monitoring. To test our conjec-
ture, we employed two proxies for external monitoring: (i) the propor-
tion of institutional investors and (ii) the analyst following and used a
subsampling approach. More specifically, we rerun Equation (2) on
two subsamples. High institutional investors (high analyst coverage)
comprise firm-year observations where the proportion of institutional
investors (high analyst coverage) is higher than the industry median.
Contrarily, low institutional investors (low analyst coverage) comprise
firm-year observations where the proportion of institutional investors
(high analyst coverage) is lower than the industry median. We present

our results in Table 5.
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Eco-innovation ¢ 4

Model (1) Model (2) Model (3)
Demographic diversity * political risk 0.113*** 0.141***
(4.61) (5.72)
Structural diversity *political risk 1.445%** 1.628***
(6.77) (7.55)
Demographic diversity 0.523** 0.423**
(4.22) (2.22)
Structural diversity 1.396*** 1.201**
(4.76) (2.26)
Political risk -0.373* —0.853*** —1.002***
(-1.74) (-3.77) (—4.40)
ESG score 0.069*** 0.020 0.014
(7.08) (1.62) (1.19)
Firm size 5.670*** 5.717*** 5.706***
(53.29) (53.72) (53.67)
ROA 0.115*** 0.114*** 0.110***
(3.78) (3.72) (3.60)
LOSS —2.130"** —2.136*** —2.180***
(-3.17) (-3.18) (—3.25)
MTB —0.110** —0.106** —0.108**
(—2.19) (-2.13) (—2.18)
Leverage 0.611 0.670 0.613
(0.57) (0.62) (0.57)
CAPX_TA —10.423*** —10.394*** —9.663***
(—2.78) (—2.78) (-2.59)
R&D_TA 93.114*** 93.229*** 92.648**
(17.37) (17.47) (17.38)
Ln_Foreign income 0.887*** 0.867*** 0.877***
(7.12) (6.98) (7.05)
W.G index 0.384*** 0.385*** 0.386***
(21.45) (21.49) (21.52)
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Country FE Yes Yes Yes
Observations 22,528 22,528 22,528
Adjusted R? 0.292 0.293 0.294

TABLE 4 Board diversity and eco-
innovation: does political risk matter?

Note: This table reports results for the role of political risk in board demographic and structural diversity

and eco-innovation relationship. All variables are defined in the Appendix.

significance at the 1%, 5% and 10% levels, respectively.

According to the findings in Panels A and B of Table 5, a positive
relationship between board diversity and eco-innovation is more pro-
nounced in companies with weak external monitoring systems, that is,
lower institutional ownership and analysis following. This implies that
in the absence of strong external corporate governance procedures,
companies benefit more from the monitoring role of a board of direc-

tors that is diverse.

kK kK
’

, and * represent

45 | Sensitivity tests
451 | Robustness test
To confirm our baseline results, we run additional robustness tests.

We examine whether our major findings are robust when we employ

alternative measures of eco-innovation (industry-adjusted values of

85UB017 SUOWIWIOD B8O 3(cealdde aup Aq peusenob afe sape VO ‘SN 0 S3In1 10} A%eiqI 8UIUO /8|1 UO (SUORIPUOD-PL-SWLBH LD A8 | IM"ARIq 1 BUIUO//STIIY) SUORIPUOD PUe SWS | 8U1 89S *[£202/80/ST] U0 AriqiTauljuo AB|IM AISeAIUN UemoD WiPpT Aq SiG2T BI100/TTTT 0T/I0p/ W00 A3 1M Arelq Ul |uo//SdNY WOy papeojumoq ‘0 ‘€89829T



ZAMAN ET AL. WI LEY 11
TABLE 5 Board diversity and eco-innovation: role of external TABLE 6 Robustness tests.
monitoring.
Panel A: Alternative dependent variable - industry adjusted eco-
Panel A: Role of institutional investors innovation
Eco-innovation ¢ ; 1 Industry adjusted eco-innovation
High IOW Low IOW Model (1) Model (2) Model (3)
Model (1) Model (2} Demographic diversity 06137 0.763°
Demographic diversity 0.355** 1.362*** (4.60) (5.67)
(2.00) (557) Structural diversity 7.136*** 8.259**
Structural diversity 7.769*** 10.380*** (5.90) (6.75)
(4.58) (4.50) All controls Yes Yes Yes
All controls Yes Yes Year FE Yes Yes Yes
Year FE Yes Yes Industry FE Yes Yes Yes
Industry FE Yes Yes Country FE Yes Yes Yes
Country FE Yes Yes Observations 22,528 22,528 22,528
Observations 6,780 6,780 Adjusted R 0.135 0.136 0.137
Adjusted R? 0.291 0.343

Panel B: Role of analyst coverage

Eco-innovation ¢ 4

High analyst Low analyst
coverage coverage
Model (1) Model (2)
Demographic diversity 0.449* 1.032***
(1.95) (5.51)
Structural diversity 7.604*** 9.174***
(3.63) (5.30)
All controls Yes Yes
Year FE Yes Yes
Industry FE Yes Yes
Country FE Yes Yes
Observations 9592 9592
Adjusted R? 0.318 0.328

Note: This table reports results for the role of external monitoring in board
demographic and structural diversity and eco-innovation relationship. All

sokk ok

variables are defined in the Appendix. ***, **, and * represent significance
at the 1%, 5% and 10% levels, respectively.

eco-innovation) and ensure our results are not driven by the Global
Financial Crisis (GFC). This is important because prior studies indicate
that eco-innovation might vary from industry to industry (Zaman
et al,, 2021). Likewise, the GFC significantly hampers companies' bal-
ance sheets and subsequently their ability to follow environmentally
friendly practices (Zaman et al., 2022). To rule out these possible
noises in our main results, we re-run our main model by employing an
industry adjusted measure for eco-innovation and by excluding the
years 2008 and 2009 (for GFC). We present robustness results in
Table 6.

Notably, our robustness tests include all control variables, includ-
ing country-fixed, industry, and year fixed effects. We obtain qualita-

tively consistent results in both instances, indicating that our baseline

Panel B: Global financial crisis - 2008-2009

GFC Excluded 2008 and 2009
Eco-innovation ¢ , 1

Model (1) Model (2) Model (3)
Demographic diversity 0.697*** 0.850***
(4.79) (5.79)
Structural diversity 7.450"* 8.699***
(5.53) (6.39)
All controls Yes Yes Yes
Year FE Yes Yes Yes
Industry FE Yes Yes Yes
Country FE Yes Yes Yes
Observations 20,051 20,051 20,051
Adjusted R? 0.289 0.290 0.291

Note: This table reports results for the robustness checks using an
industry-adjusted eco-innovation measure and by excluding GFC years.

All variables are defined in the Appendix. ***, **, and * represent

significance at the 1%, 5% and 10% levels, respectively.

results still persist regardless of the eco-innovation proxy used and

even when accounting for the GFC.

452 | Identification tests

Endogeneity biases may exist in the link among board diversity, demo-
graphic and structural diversity, and eco-innovation for two reasons.
First, the consequences of eco-innovation may continue over time,
resulting in dynamic bias in our findings. Second, despite the fact that
we include a large number of control variables in our analysis, there is
still a chance that we overlook certain unobserved firm-specific
characteristics that may affect board diversity, demographic and
structural diversity, and eco-innovation. To rule out such endogeneity

biases, we use two well-known endogeneity estimating approaches,
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Panel B: System GMM regression

TABLE 7 Entropy balancing estimation.
Panel A: Demographic and structural diversity univariate comparison
Before Entropy balancing After Entropy balancing Before Entropy balancing After Entropy balancing
Treat Control Treat Control Treat Control Treat Control
High vs low demographic diversity High vs low structural diversity
Mean Mean Mean Mean Mean Mean Mean Mean
ESG score 31.540 27.790 31.540 31.540 42.710 16.620 42710 42.700
Firm SIZE 16.470 16.290 16.470 16.470 16.440 16.320 16.440 16.440
ROA 5.630 5.499 5.630 5.629 5.443 5.686 5.443 5.443
LOSS 0.139 0.144 0.139 0.139 0.141 0.143 0.141 0.141
MTB 2.820 2.871 2.820 2.820 2.840 2.851 2.840 2.840
Leverage 0.255 0.262 0.255 0.255 0.256 0.261 0.256 0.256
CAPX_TA 0.045 0.048 0.045 0.045 0.045 0.048 0.045 0.045
R&D_TA 0.014 0.017 0.014 0.014 0.014 0.017 0.014 0.014
Ln_Foreign income 0.792 0.855 0.792 0.793 0.726 0.921 0.726 0.727
W.G index 78.350 79.710 78.350 78.350 77.660 80.400 77.660 77.660
Panel A1: Entropy regression
Eco-innovation ¢ 4 Eco-innovation ¢ 4
Model (1) Model (2)
Demographic diversity 0.766***
(5.08)
Structural diversity 12.812***
(7.51)
All controls Yes Yes
Year FE Yes Yes
Industry FE Yes Yes
Country FE Yes Yes
Observations 22,528 22,528
Adjusted R? 0.197 0.181

Demographic diversity

Structural diversity

Eco innovation ; _ 4

All controls
Year FE
Industry FE
Country FE
Observations
AR (1) p-value
AR (3) p-value

Hansen J test p-value

Eco-innovation ¢ , 4
Model (1)

0.362**
(2.10)

0.923***
(42.00)
Yes
Yes
Yes
Yes
22,528
.000
468
311

Eco-innovation ¢ , 1
Model (2)

13.755**
(2.11)
0.914***
(40.18)
Yes
Yes
Yes
Yes
22,528
.000
485
.285

Note: This table reports results for the endogeneity checks using the entropy balancing method and system generalized method of moments. All variables

are defined in the Appendix.

sk koK

P

and * represent significance at the 1%, 5% and 10% levels, respectively.
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namely System GMM and entropy balance estimation (Flannery &
Hankins, 2013; Hainmueller, 2012; Wintoki et al., 2012). The results
are presented in Table 7.

Panels A and A1 report the entropy balancing results, while Panel
B shows results for the system GMM. Panel A presents a univariate
mean comparison of our covariates before and after entropy matching.
The control and treatment groups are based on indicator variables with
a higher and lower cross-sectional industrial mean for demographic and
structural diversity, respectively. A firm-year observation is included in
the treatment group if the cross-section mean of demographic diversity
(structural diversity) is greater than the industrial average. Firm-year
observations with a lower cross-sectional mean are included in the con-
trol group. Panel Al presents univariate results before and after the
application of the entropy procedure, with identical mean values of the
post-entropy sample, suggesting there is no observed difference
between the treatment and control groups. Panel A1 shows the regres-
sion on the post-entropy matched sample. We observe consistent find-
ings in Panel A1, validating our baseline findings and demonstrating a
considerably beneficial association among board diversity, demographic
and structural diversity, and eco-innovation. Panel B reports system
GMM results and qualitative similar that are findings to our baseline
results. These findings strongly suggest that our baseline results are not

vulnerable to endogeneity concerns.

5 | CONCLUSION

Despite substantial stakeholder pressure on firms to undertake environ-
mentally friendly activities, such as eco-innovation, progress in putting
such practices in place remains astonishingly low. This is due to the
inherent qualities of eco-innovation, which necessitate substitutional
expenditures with a delayed return on investment, hence impeding or
changing management financial aims (Sarkis & Cordeiro, 2001;
Walley & Whitehead, 1994). As a result, managers, despite knowing
that eco-innovation provides a competitive advantage by lowering a
company's environmental footprint and risk profile, either avoid engag-
ing in expensive eco-innovation initiatives (eco-innovation) or do so
only to advance their own agenda (i.e, reputation building or
“PR-related kudos), resulting in lower eco-innovation diffusion in a
company. Our paper sheds light on the role of board diversity,
demographics (including board gender, cultural, tenure, social capital,
expertise, and age), and structural features (encompassing board inde-
pendence, size, board seat accumulation - chair, board compensation,
and board meeting frequency) in promoting corporate eco-innovation.
We show that a one-standard deviation increase in demographic and
structural diversity translates, respectively, into 4.66% and 7.11%
amplified corporate eco-innovation. Furthermore, we discover that
demographic and structural diversity promotes more eco-innovation by
offsetting the negative effects of political risk. Additionally, we find that
in the absence of good external monitoring (institutional investors and
analyst following), organizations benefit more from the monitoring role
of a diverse board. Our findings have substantial literature, policy, and

practical implications, which we explain below.

First, we make a novel contribution to the board of directors
group dynamics literature, which has largely remained focused on
individual diversity (gender diversity) characteristics, by demonstrating
that demographic (including board gender, culture, tenure, social capi-
tal, expertise, and age) and structural (encompassing board indepen-
dence, size, board seat accumulation (chair), board compensation, and
board meeting frequency) diversity influence corporate eco-innovation.

Second, we offer a new insight into how demographics and
structural diversity influence corporate eco-innovation. Prior research
concentrated on the linear relationship between a single diversity
measure and corporate innovation (see Nadeem et al., 2020) but with-
out commenting on the underlying conditions. We expand this litera-
ture concept by testing for political risk and monitoring channels in
board diversity and eco-innovation relationships.

Third, our study has important implications for policymakers and
regulatory practices. Policymakers and practitioners must be aware
that relying on specific diversity traits, such as gender diversity or
board independence, will not produce the desired results, particularly
when it comes to promoting firms' green committees that deal with
eco-innovation-related issues or opportunities. Instead, we recom-
mend strengthening demographic and structural aspects of diversity,
as they are beneficial to companies' commitment to “green” causes.

Fourth and finally, by basing our empirical examination on world-
wide data sets, we demonstrate the applicability of our results to a world
ravaged by global warming, huge amounts of pollution, and approaching
dystopian problems. In elucidating the public discussion on the costs and
advantages of board diversity, our analysis clearly indicates that corpo-
rate eco-innovation may be accelerated by putting in place a well-
designed board that is rich in demographic and structural diversity.

Although the methodology of our study was meticulously planned,
the work contains significant limitations that serve as a springboard for
new avenues of enquiry for future scholars to undertake. First, our
study is limited to understanding the role of board diversity, namely
demographic and structural diversity and eco-innovation. However, our
analysis remains silent on whether eco-innovation, a consequence of
demographic and structural diversity, has an impact on firms' financial
performance and needs further investigation. Second, similarly, we con-
ducted various robustness and identification tests and presented data
compatible with a causal interpretation; nevertheless, the lack of strin-
gent exogenous instruments restricts the current study's capacity to

reduce endogeneity issues.
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tive impacts of resources use compared to relevant alternatives’
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Dependent variable

Eco-innovation

Eco-innovation score takes values ranging from O to 100 with the lowest values corresponding to less eco-innovation

activities in a firm (taken from ASSET4).

Independent variables

Demographic diversity

Demographic diversity is defined as the sum of BLAU indices (Blau, 2000) corresponding to board gender diversity, culture,

tenure, social capital, expertise, and age.

Structural diversity

Structural diversity is defined as the sum of BLAU indices (Blau, 2000) corresponding to board independence, size, board seat

accumulation - chair, board compensation, and board meeting frequency.

Control variables

ESG score Companies' corporate governance, social, and environmental score (ESG score).
Firm SIZE Natural log of total assets.

ROA Return on assets is the ratio of income before extraordinary items to total assets.
LOSS Takes the value of 1 if the firm suffers loss otherwise zero.

MTB Market-to-book ratio.

Leverage Leverage is the ratio of total debt to total assets.

CAPX_TA Proportion of fixed asset, that is, plants, property and equipment to total assets.
R&D_TA Research and development expenses divided by total assets.

Ln_Foreign income

W.G index

Natural log of firm's income from foreign operations.

Worldwide governance indicators (WGI) - aggregate for six dimensions of governance: Voice and accountability; political

stability and absence of violence/terrorism; government effectiveness; regulatory quality; rule of law and control of

corruption.
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