
Climate change innovation: Does board gender diversity matter?

Isabel-María García-S�ancheza,*, S�onia Monteirob, Juan-Ram�on Pi~neiro-Chousac,
Beatriz Aibar-Guzm�and

a IME, Universidad de Salamanca, Campus Miguel de Unamuno, Edificio FES, Salamanca 37007, Spain
b Escola Superior de Gest~ao, Instituto Polit�ecnico do C�avado e do Ave (IPCA), Campus do IPCA. 4750 − 810, Barcelos, Portugal
c Facultad de Administraci�on de Empresas, Universidad de Santiago Compostela, Av. Alfonso X el Sabio, s/n 27002, Lugo, Spain
d Facultad de Ciencias Econ�omicas y Empresariales, Universidad de Santiago Compostela, Av. Burgo, s/n, Santiago Compostela 15782, Spain

A R T I C L E I N F O

Article History:

Received 3 January 2023

Accepted 25 April 2023

Available online 28 April 2023

A B S T R A C T

This paper responds to recent calls to study the role that board gender diversity plays in shaping corporate

responses to climate change. It examines whether female board representation is associated with greater cli-

mate change innovation and whether its effect is determined by the presence of a greater number of inde-

pendent female directors or the existence of a critical mass of female directors. The results obtained for a

panel data of 3,928 companies over the period 2010−2020 (35,199 observations) confirm that companies

with a greater female board representation (both in number and in percentage) are more proactive in terms

of investments in climate change innovation. This positive effect does not require a critical mass of female

directors and diminishes when the percentage of female directors is higher than 46.78%, a proportion associ-

ated with the presence of five or more female directors. Furthermore, female directors influence climate

change innovation mainly through their involvement in management as executive directors, rather than

through the monitoring and advisory roles that characterize independent directors. The theoretical and prac-

tical implications derived from this research are robust to different considerations and methodological

approaches.

© 2023 The Authors. Published by Elsevier España, S.L.U. on behalf of Journal of Innovation & Knowledge. This

is an open access article under the CC BY-NC-ND license
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Introduction

The need to fight against climate change and its devastating

effects on the planet represents one of the greatest challenges for

humanity (IPCC, 2007). As a major emitter of greenhouse gases and

waste generation, companies are urged by the various economic,

political and social players to take measures to reduce their carbon

footprint (Ben-Amar et al., 2017; Caby et al., 2022; Gull et al., 2022).

One way to respond to these growing demands is to implement inno-

vative solutions aimed at reducing pollutant emissions and waste

generation, as well as resource consumption (García-S�anchez et al.,

2020; Haque, 2017). However, such initiatives are costly and can take

time to have an effect, so their development requires strong commit-

ment and support from the board (Atif et al., 2021; Gull et al., 2022;

He & Jiang, 2019), as the main body responsible for corporate strate-

gies and risk management (Issa & Bensalem, 2022; Nadeem et al.,

2020).

The board of directors has a significant influence on a com-

pany’s sustainability agenda (Haque & Jones, 2020; UNGC, 2012).

Certain attributes related to the composition of the board of direc-

tors may be conducive to its orientation towards sustainable

development and eco-innovation (de Villiers et al., 2011; Galia,

2015; García-S�anchez et al., 2021; Haque, 2017). Specifically,

female representation on the board is considered a key driver of

corporate sustainability (Ben-Amar et al., 2017; Boulouta, 2013;

Shaukat et al., 2016) in terms of renewable energy consumption

(Atif et al., 2021), waste management (Gull et al., 2022), green-

house gas (GHG) emissions (Konadu et al., 2022) and eco-innova-

tion (Issa & Bensalem, 2022; Nadeem et al., 2020). As directors,

women are more mindful of corporate social responsibilities (Issa

& Bensalem, 2022) and environmental concerns (Liu, 2018). In

addition, they are more open to adopting new ideas and innovative

solutions (Konadu et al., 2022). This suggests that female directors

are more inclined to support environmental protection initiatives

to mitigate climate change (Atif et al., 2021; He & Jiang, 2019) and,

therefore, firms with a higher female representation on the board

would be more prone to invest in climate change mitigation inno-

vations and technologies.* Corresponding author.
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Previous research on the role of gender diversity on boards in driv-

ing companies to reduce the impact of their activities on global warm-

ing by investing in climate change mitigation innovations and

technologies is scarce (He & Jiang, 2019; Le Loarne-Lemaire et al.,

2021; Nadeem et al., 2020) and tends to focus on corporate social

responsibility (CSR) practices generally (Ben-Amar et al., 2017) or on

specific dimensions of corporate environmental sustainability, such as

energy consumption, waste management and carbon performance

(Atif et al., 2021; Gull et al., 2022; Konadu et al., 2022). However, cli-

mate change is a “multi-dimensional concept” and, therefore, business

efforts to tackle it must be viewed from a wide perspective. Such per-

spective should consider business investment in innovations, technol-

ogies and other climate change initiatives that are developed at all

stages of business activity, with a focus on the organization as a whole.

Furthermore, researchers have tended to assume that female directors

have “a homogeneous effect” instead of analysing “when” female

representation on the board has significant influence on firm decisions

(Moreno-Ureba et al., 2022). As a result, prior studies document con-

tradictory results regarding the effect of female directors on eco-inno-

vation (Issa & Bensalem, 2022; Naveed et al., 2022; Zaman et al., 2022).

This paper aims to fill these gaps in the literature and respond to

recent calls to delve into the role that board gender diversity plays in

shaping corporate responses to climate change (Griffin et al., 2021;

Shui et al., 2022; Le Loarne-Lemaire et al., 2021; Baker et al., 2020;

Liao et al., 2015). Specifically, we investigate the effect that female

representation on the board has on the adoption of different innova-

tions aimed at fighting climate change by attempting to answer two

main research questions: (1) is board gender diversity associated

with greater climate change innovation? and (2) is the effect of board

gender diversity on climate change innovation determined by the

presence of a greater number of independent female directors or by

the existence of a critical mass of female directors?

To answer these questions, we analyse a panel data of 3928 com-

panies over the period 2010−2020 (35,199 observations) and con-

sider a broad set of investments in different innovations and

technologies of different nature, such as management systems, green

design, eco-efficiency, pollution control or low-carbon energy (Wang

et al., 2018), which help companies to reduce emissions and mitigate

the consequences of climate change at all stages of business activity.

The results confirm that companies with a greater presence of

women on their boards of directors are more proactive in terms of

investments in innovation for climate change mitigation. However,

this positive relationship diminishes when boards begin to balance in

favour of the female gender, with an inverse relationship between

board gender diversity and climate change mitigation innovation

being observed when the percentage of board seats held by women

is higher than 46.78%, a proportion associated with the presence of

five or more female board members. Furthermore, the channel

through which female directors influence climate change innovation

is mainly their involvement in management as executive directors,

rather than through the monitoring and advisory roles that charac-

terize independent directors. The theoretical and practical implica-

tions derived from this research are robust to different

considerations and methodological approaches.

This study extends existing research on the relationship between

board gender diversity and corporate environmental proactivity by

analysing the impact of female directors on climate change mitiga-

tion innovations and technologies, thereby providing a new perspec-

tive that has not been previously investigated. Thus, our findings

contribute to understanding the dynamics of board gender diversity

and its effect on corporate responses to climate change by providing

a broad picture of whether, how and under what conditions female

board representation influences climate change innovation. Further-

more, this study considers the existence of a non-linear relationship

between board gender diversity and corporate sustainability, an

aspect little analysed in the literature, thus contributing to fill a

research gap and providing valuable evidence that could explain

mixed prior results.

The rest of the paper is organized as follows: Section 2 presents

the theoretical framework; Section 3 develops the research hypothe-

ses; Section 4 outlines the research methodology; and Section 5

presents the main findings, which are supplemented in Section 6

with a complementary analysis. Section 7 discusses the study’s find-

ings and explores their theoretical and practical implications. Finally,

Section 8 draws the main conclusions of the research and presents its

limitations and some avenues for future research.

Theoretical framework

Several theories, such as agency theory, resource dependence the-

ory, upper echelons theory, stakeholder theory, legitimacy theory,

gender socialization theory, gender role theory, and critical mass the-

ory, have been employed to analyse the relationship between board

gender diversity and firms’ environmental proactivity. Since each sin-

gle theory has limited ability to explain the effect of the presence of

women on the board of directors on corporate environmental proac-

tivity (Haque & Jones, 2020; Issa & Bensalem, 2022; Konadu et al.,

2022; Moreno-Ureba et al., 2022), most authors employ a multi-theo-

retical framework that combines different theoretical lenses to ratio-

nalize this association. In line with this overall approach, we rely on

resource dependence theory, gender socialization theory, upper

echelons theory, agency theory and critical mass theory to explain

the effect of female representation on the board on the adoption of

climate change mitigation innovations.

Resource dependence theory (Pfefer & Salancik, 1978) is related to

the board’s advisory and resource provisioning role, while agency

theory is associated with the monitoring role of the board of directors

(Ben-Amar et al., 2017; de Villiers et al., 2011; Haque, 2017; Haque &

Jones, 2020). From the first perspective, the board of directors pro-

vides firms unique resources and capabilities, such as strategic

advice, reputation, knowledge, financial resources and networks,

which affect the firm’s ability and propensity to eco-innovate (Haque,

2017). Specifically, female directors bring different human and rela-

tional capital to the board (Caby et al., 2022; Haque & Jones, 2020),

expanding its know-how, creativity, competence, expertise, open-

mindedness and connections (Konadu et al., 2022).

On the other hand, agency theory explains the oversight role that

the board of directors plays in constraining management’s opportu-

nistic behaviour (Fama & Jensen, 1983) and resolving agency prob-

lems arising from the uncertain and long-term nature of investments

in climate change mitigation innovations (Griffin et al., 2019; Haque,

2017). From this point of view, the effectiveness of the board of direc-

tors in performing its monitoring role is largely influenced by certain

attributes, such as the independence of its members (de Villiers et al.,

2011; Moreno-Ureba et al., 2022). As for female directors, previous

studies have shown that they improve board governance (Seebeck &

Vetter, 2022) through effective oversight (Atif et al., 2021; Gull et al.,

2022; Kassinis et al., 2016; Konadu et al., 2022) and greater indepen-

dence (Adams & Ferreira, 2009; Carter et al., 2003).

Upper echelons theory (Hambrick & Mason, 1984) assumes that

directors’ demographic characteristics and experiences shape their

values and behaviours, which in turn influence their decisions and

management styles (Hambrick, 2007). From this perspective, gender

brings unique attributes to directors (Khandelwal et al., 2020), affect-

ing their attitude, priorities and motivations, which in turn reflect on

corporate strategies and decision-making. In this sense, female direc-

tors’ distinctive backgrounds increase the board’s cognitive diversity,

making it more likely to accept and promote environmental innova-

tions (Galia et al., 2015; Konadu et al., 2022).

According to gender socialization theory, women and men have

different attitudes and perspectives regarding environmental issues

as a result of their education (Eagly & Johannesen-Schmidt, 2001;

I.-M. García-S�anchez, S. Monteiro, J.-R. Pi~neiro-Chousa et al. Journal of Innovation & Knowledge 8 (2023) 100372

2



Konadu et al., 2022; Liu, 2018). Women have been educated to care

about others (Moreno-Ureba et al., 2022), which makes them more

sensitive to environmental and social challenges (Ben-Amar et al.,

2017; Caby et al., 2022; Issa & Bensalem, 2022). From this perspec-

tive, female directors will behave in line with these internalized

attributes (Atif et al., 2021; Gull et al., 2022; Nadeem et al., 2020)

and, therefore, their presence on the board will favour a greater

stakeholder and long-term orientation (Issa & Bensalem, 2021),

thereby promoting climate change mitigation initiatives.

Hypothesis development

Board gender diversity and climate change mitigation innovation

Prior research has documented an overall positive effect of board

gender diversity on firm innovation (Chen et al., 2018; Galia & Zenou,

2012; Le Loarne-Lemaire et al., 2021; Midavaine et al., 2016; Torchia et

al., 2011). These findings are attributed to the fact that female directors

bring new perspectives, skills and expertise to the board, which fosters

creativity and innovative thinking (Galia et al., 2015; Issa & Bensalem,

2022; Nadeem et al., 2020; Naveed et al., 2022). Likewise, prior studies

reveal a general positive relationship between board gender diversity

and CSR, in general, and environmental proactivity, in particular (Lu &

Herremans, 2019; McGuiness et al., 2017; Nielsen & Huse, 2010; Pan

et al., 2020). This positive effect is explained because, compared to

male directors, female directors are more sensitive to environmental

concerns and more environmentally proactive (Haque & Jones, 2020;

He & Jiang, 2019; Liao et al., 2015; Nadeem et al., 2020; Pan et al.,

2020; Post & Byron, 2015) and tend to show a better awareness of

environmental initiatives (Arayssi et al., 2016).

Several authors provide empirical evidence of an overall positive

association between board gender diversity and eco-innovation and

climate change mitigation initiatives. Regarding eco-innovation,

studies such as Galia et al. (2015), Glass et al. (2016), Horbach and

Jacob (2018), He and Jiang (2019), Liao et al. (2019), Moreno-Ureba et

al. (2022), Nadeem et al. (2020) and Naveed et al. (2022) document a

positive impact of the presence of female directors on the board on

eco-innovation. A similar relationship has been observed with

respect to climate change mitigation initiatives. For example, Atif et

al. (2021) showed a positive effect of gender diversity on boards on

renewable energy consumption and Gull et al. (2022) documented a

positive effect on waste management. Haque (2017) found a positive

impact of the presence of female directors on the board on the firm’s

efforts to reduce emissions and increase eco-efficiency, and García

Martín and Herrero (2020) and Konadu et al. (2022) found a negative

relationship between board gender diversity and carbon emissions.

Other authors (e.g. Ararat & Sayedy, 2019; Ben-Amar et al., 2017; Liao

et al., 2015; Tingbani et al., 2020) document a positive relationship

between board gender diversity and voluntary disclosure of climate

change information. Few studies show negative or no impact of board

gender diversity on eco-innovation (e.g. García-S�anchez et al., 2021)

and carbon performance (Caby et al., 2022) and disclosures (e.g.

Prado-Lorenzo & García-S�anchez, 2010).

Taken together, this empirical evidence suggests that gender-

diverse boards are more likely to promote the adoption of climate

change mitigation innovations. From the resource dependence

theory’s perspective, this relationship is supported by the fact that

female directors’ human and relational capital favour the inclusion of

climate change issues into corporate strategies (He & Jiang, 2019;

Hollindale et al., 2019; Nadeem et al., 2020), thereby positively affect-

ing innovation in climate change mitigation. Likewise, from the

agency theory’s standpoint, the increased board oversight due to the

presence of female directors contributes to solving agency problems

associated with the uncertain and long-term nature of investments

in climate change mitigation innovations, by curbing opportunistic

management behaviours that would inhibit this type of investment

(Haque, 2017).

Upper echelons theory and gender socialization theory also sup-

port the existence of a positive effect of board gender diversity on cli-

mate change mitigation innovations. According to the former, the

presence of female directors on the board broadens the cognitive

composition of the board of directors, which favours a better under-

standing of societal demands and challenges, such as climate change

(Galia et al., 2015; Horbach & Jacob, 2018; Konadu et al., 2022), mak-

ing the board more likely to support investments in climate change

mitigation innovations and technologies. From the perspective of

gender socialization theory, female directors will behave in line with

the attributes instilled in them. Thus, compared to their male coun-

terparts, female directors are more sensitive to environmental con-

cerns (Nadeem et al., 2020) and have higher ethical standards

(Moreno-Ureba et al., 2022); consequently, they will promote proac-

tive environmental strategies and investments (Atif et al., 2021; Gull

et al., 2022; Issa & Bensalem, 2021; Nadeem et al., 2020).

Based on this discussion, we assume that gender-diverse boards

are more likely to promote the adoption of climate change mitigation

innovations. Hence, we pose the following hypothesis:

H1: Board gender diversity is associated with greater climate

change innovation.

Female independent directors and climate change mitigation innovation

According to the agency theory’s tenets, independent directors per-

form more effective oversight of management with regard to environ-

mental issues (de Villiers et al., 2011; Haque, 2017) and, therefore,

greater board independence would constrain potential opportunistic

behaviour by management to delay investments in climate change

mitigation innovations and technologies (He & Jiang, 2019). Further-

more, from the perspective of the resource dependence theory, inde-

pendent directors provide expertise advice and a critical view (Haque,

2017) and a higher stakeholder orientation (Moreno-Ureba et al.,

2022), which would favour this type of investment. The greater the

number of independent directors on the board, the greater the likeli-

hood that the board will promote climate change innovations.

Consequently, it would be expected that the positive effect of

female directors on climate change mitigation innovation would be

greater when they are also independent directors. Prior empirical

evidence supports this conjecture. Gull et al. (2022) found that the

presence of female directors on the board has a positive impact on

waste management only when they are independent, concluding

that it is this attribute which drives the effect of board gender diver-

sity on waste management. Atif et al. (2020) obtained the same result

with regard to sustainable investments, while Atif et al. (2021) found

that the impact of female directors on renewable energy consump-

tion was higher when they were also independent. Lastly, Liao et al.

(2019) document a positive effect of female independent directors on

environmental innovations.

Based on this discussion, we assume that the independence of

female directors is what drives the effect of board gender diversity

on climate change innovation. Hence, the following hypothesis is

stated:

H2: The effect of board gender diversity on climate change inno-

vation is driven by the presence of female independent directors.

Critical mass of female directors and climate change mitigation

innovation

Although, according to theoretical arguments and empirical evi-

dence, board gender diversity is assumed to have a positive impact

on eco-innovation and climate change mitigation initiatives, the liter-

ature argues that a certain number of female directors on the board

are required to have a significant impact on business decisions and
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strategies (Amorelli & García-S�anchez, 2020; Atif et al., 2021; Ben-

Amar et al., 2017; Gull et al., 2022; He & Jiang, 2019; Joecks et al.,

2013; Konrad et al., 2008; Kramer et al., 2006; Moreno-Ureba et al.,

2022). This view is based on critical mass theory (Kanter, 1977),

which postulates that the weight of the minority group influences

interpersonal interactions and group dynamics, so that it is necessary

for the minority group to reach a critical mass to significantly affect

group decision-making. Under that threshold, minority group mem-

bers are seen as “tokens” representing a particular group and tend to

adjust their behaviour to the majority group’s criteria but, once the

minority group reaches a critical mass, they feel more confident and

become influential, thereby improving group dynamics and interac-

tions (Atif et al., 2020; Nuber & Velte, 2021; Terjesen et al., 2009).

From this perspective, female directors would constitute the

minority group on the board (Seeker & Vetter, 2022), with a critical

mass being necessary to have “presence and voice” and, thus, affect

board decisions (Kanter, 1977). Results from previous studies support

this argument. Torchia et al. (2011) found that three or more female

directors are needed to significantly affect firm innovation, and Mor-

eno-Ureba et al. (2022) obtained the same result in the case of envi-

ronmental innovation, while He and Jiang (2019) set the threshold at

two female directors to exert a significant influence on board deci-

sions regarding green innovation. Atif et al. (2020) and Atif et al.

(2021) found that female board representation should reach at least

two female directors to have a significant influence on sustainable

investments and renewable energy consumption, respectively. Gull

et al. (2022) showed that gender diversity significantly affects waste

management only when there are at least two female directors on

the board, and Ben-Amar et al. (2017) and Hollindale et al. (2019)

obtained the same result with regard climate change disclosure.

In light of this discussion, the following hypothesis is formulated:

H3: The effect of board gender diversity on climate change inno-

vation is driven by the existence of a critical mass of female directors.

Empirical design

Sample

Although the fight against climate change requires the commit-

ment of the entire business fabric, larger companies should be more

involved, mainly because they have greater resources and, as a result

of their volume of activity, have a greater environmental impact. In

this regard, based on the literature review, the companies included in

Compustat and Thomson Reuters EIKON databases were selected.

Three search criteria were used to identify the companies to be

analysed: firstly, that both databases contained the financial and non-

financial (environmental social and governance, ESG) information

needed to construct the variables that would allow estimation of the

empirical models designed to test the research hypotheses. Secondly,

the information should be available from 2010 to 2020, a period in

which there is a clear concern about climate change, and greater

homogeneity with respect to the commitments and objectives to be

achieved in this regard. Thirdly, that the companies had all the infor-

mation available for at least five of the eleven years analysed to ensure

the robustness of the results through different methodological esti-

mates.

The final sample is made up of 3928 companies, forming an unbal-

anced panel of 35,199 observations. In addition, information on the

institutional environment was incorporated from macroeconomic

indicators from different agencies.

Empirical models and methodology

To test the research hypotheses, three empirical models have

been designed. In Model 1, the verification of hypothesis H1 will

require that b1>0 and significant from the econometric point of

view. The testing of hypothesis H2, concerning the impact of female

directors’ independence, will be performed by estimating Model 2

and will require that /1 > 0 and significant. The checking of hypothe-

sis H3 will be performed by estimating Model 3, expecting that 0< d1
< d2 < d3 and that all coefficients are significant.

Inno_ClimaChi;t ¼ b0 þ b1BoardDiversity=WomenDirectorsi;t þ
P12

n¼2

bi

Fi;t þ
P19

n¼13

biBi;t þ
P23

n¼20

biIi;t þ b24Countryi þ b25Indi þ b26Yeart þ eit

þhi [Model 1]

Inno_ClimaChi;t ¼ / 0þ / 1Independent_WDi;t þ / 2Insider_W

Di;t þ
P13

n¼3

/ iFi;t þ
P20

n¼14

/ iBi;t þ
P24

n¼21

/ iIi;t þ / 25Countryi þ / 26Indiþ

/ 27Yeart þ eit þ hi [Model 2]

Inno_ClimaChi;t ¼ d0 þ d1Skewedi;t þ d2Tiltedi;t þ d3Balancedi;t þ
P14

n¼4

di

Fi;t þ
P21

n¼15

diBi;t þ
P25

n¼22

diIi;t þ d26Countryi þ d27Indi þ d28Yeart þ eit þ

hi [Model 3]

Given the ordinal nature of the dependant variable, the models

will be estimated with STATA 17.0 software, using ordinal regressions

for panel data, random effects. In order to obtain robust results, static

(t-estimates) and dynamic models will be used applying one to three

lags (t-1, t-2 and t-3) as instruments for the explanatory variables.

Variables

The dependant variable (Inno_ClimaCh) comprises a broad set of

investments in different innovations and technologies related to cli-

mate change, such as management system technologies, green design

technologies, eco-efficiency technologies, pollution control technolo-

gies or low-carbon energy technologies (Wang et al., 2018), which

help to reduce emissions and mitigate the consequences of climate

change, generating greater climate knowledge (PwC, 2021).

Thus, the ClimateTech variable has been configured as a score

formed by the sum of seven items that identify business investment

in innovations, technologies and other initiatives against climate

change. These projects are of different natures and are developed in

all stages of business activity, with a focus on the organization as a

whole. The score is generated by adding the following dichotomous

variables that identify that the company has made innovations in (i)

green building, including pollution-control equipment, and (ii)

resource uses with the aim of reducing the consumption of resources

and energy and improving resource energy efficiency; has invested

in (iii) clean technology in production planning and management

processes; and (iv) waste technology with the aim of employing recy-

cling techniques and using recycled materials. In addition, the com-

pany has developed (v) environmentally responsible products and

promoted initiatives that encourage (vi) sustainable land use (land

environment), and (vii) sustainable mobility of its personnel in all

work-related travels.

The independent variables designed to test the research hypothe-

ses are BoardDiversity and WomenDirectors for hypothesis H1; Inde-

pendent_WD and Insider_WD for hypothesis H2; and Skewed, Tilted,

and Balanced for hypothesis H3. Following Atif et al. (2020, 2021)

and Gull et al. (2022), we define gender diversity by BoardDiversity

and WomenDirectors, both variables represent the presence of

female directors on the board expressed as a percentage of total

number of directors and the number of female directors on the board,

respectively. Independent_WD and Insider_WD correspond to the

proportion of female independent and executive directors with

respect to board size, respectively (Atif et al., 2021; Liao et al., 2019).

Finally, with respect to hypothesis H3 based on critical mass theory,
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following Seebeck and Vetter (2022), we consider the three types of

boards defined by Kanter (1977): skewed (male-dominated boards),

tilted (boards with a greater female presence, but without reaching a

balanced distribution of seats), and balanced (gender-balanced

boards). To identify these situations, three dummies have been cre-

ated: Skewed, Tilted, and Balanced, which take, respectively, the

value 1 when the percentage of women on the board is less than or

equal to 20%; is between 20% and 40%; or is greater than 40% and less

than or equal to 60%, and 0 otherwise.

To mitigate bias in the estimation of the models, three vectors of

variables, F, B, and I, have been included with the aim of controlling for

the effect that different variables have shown to have in previous stud-

ies (e.g. Aibar-Guzm�an et al., 2022; García-S�anchez et al., 2020). Specif-

ically, vector F identifies 11 business characteristics associated with

the existence of resources, capabilities and incentives or the involve-

ment of certain financial agents, such as financial analysts and institu-

tional investors. Vector B identifies seven dimensions of board

effectiveness as an internal corporate governance mechanism (de Vil-

liers et al., 2011; Galia, 2015; García-S�anchez et al., 2021; Haque,

2017). Lastly, vector I entails the inclusion of four macroeconomic indi-

cators that identify the institutional context and the pressures that

may exist on environmental issues at the country level, as well as the

effect of the COVID-19 pandemic in the year 2020. Table 1 reflects the

definition and measurement of the twenty-two control variables

included in the models. Additionally, we control for time period, indus-

try and country using the variables Year, Industry, and Country.

Basic and robust results

Descriptive analysis

Table 1 shows the mean and standard deviation of the variables

designed for the estimation of empirical models 1 to 3. The mean cli-

mate change innovation score (Inno_CliCh) indicates a low level of

business commitment in this regard, standing, on average, at 1.58

(standard deviation of 1.13). This means that companies have pro-

moted or invested in 2 or 3 out of the 7 climate change initiatives

that make up the score.

In terms of board gender diversity, female directors represent, on

average, approximately 16% of board members (BoardDiversity),

occupying around 1.59 seats (WomenDirectors). These values are

similar to those obtained by Ben-Amar et al. (2017), Gull et al. (2022),

and Naveed et al. (2022), and higher than the values reported by Atif

et al. (2020) and Atif et al. (2021), but our mean percentage of gender

diversity is lower than that obtained by Issa and Bensalem (2022),

Konadu et al. (2022) and Nube and Velte (2021). In general, these

findings indicate a low participation of women on boards of directors.

However, the standard deviation indicates that this percentage can

vary significantly amongst the companies analysed.

In addition, 41.9% of companies have only one female director on

the board (One_WD), 14.59% of companies have two female directors

and 18.38% have three or more female directors. Quantifying the board

gender equity, 42.79% of the companies have a skewed board, with a

female presence of less than 20%, while 28.05% of the companies have

a tilted board, with a percentage of women board members between

20% and 40%. Only 4.11% of the companies have a balanced board.

Regarding the type of female directors, the presence of indepen-

dent female directors (Independent_WD) is slightly higher than that

of executive female directors (Insider_WD). These findings are con-

sistent with the results obtained by Atif et al. (2021) and Gull et al.

(2022), who also found that the percentage of independent female

directors exceeds the percentage of executive female directors.

Table 2 shows the correlation matrix. As can be seen, the coeffi-

cients that determine the bivariate correlation are significant,

although their values are very small, indicating the absence of collin-

earity problems.

Table 1

Variables: definition and statistics.

Variable Definition Mean Std. dv.

Inno_CliCh Score on the degree of innova-

tion in the fight against cli-

mate change

1.58 1.13

BoardDiversity (BD) Proportion of female board

members to board size

15.67 13.07

WomenDirectors (WD) Number of female directors 1.59 1.45

Independent_WD Proportion of independent

female directors

8.63 10.43

Insider_WD Proportion of executive female

directors

7.04 8.76

logAGE Age of the company asmea-

sured by the logarithm of age

3.20 0.90

logTA Size of the company measured

by the logarithm of total

assets

15.44 1.82

TobinQ Ratio of market value to

replacement value of the

company’s assets

0.00 0.00

ROA Ratio of net income to total

assets

2.69 5.13

InterSales Percentage of the company’s

sales abroad

25.9 36.2

R&D Monetary volume of intangi-

ble investments

11.3 26.9

Advertising Monetary volume of advertis-

ing expenditure

10.2 10.3

CAPEX Monetary volume of capital

investments

59.8 64.7

Dividend Annual dividend distributed 28.1 36.1

Leverage Corporate indebtedness 51.85 460.84

Analysts Number of financial analysts

following the company

13.29 8.83

InstInve_VR Voting rights held by institu-

tional investors whose

equity stake exceeds 5%

82.88 32.89

BoardSize Number of board members 10.06 3.41

BoardActivity Number of board meetings

held in the year

9.56 5.67

BoardIndep Percentage of independent

directors in relation to the

size of the board of directors

48.74 36.85

BoardTenure Average length of service of

boardmembers on the board

7.50 3.95

ERRI Environmental Regulatory

Regime Index

0.87 0.67

EPI Environmental Performance

Index

58.77 7.20

Frequency (%)

Skewed Dummy that takes the value 1

if the percentage of female

directors is less than or

equal to 20%.%.

42.79

Tilted Dummy that takes the value 1

if the percentage of female

directors is greater than 20%

and less than or equal to

40%.

28.05

Balanced Dummy that takes the value 1 if

the percentage of female

directors is greater than 40%

and less than or equal to 60%.

4.11

One_WD Dummy that takes the value 1

if there is only one woman

on the board

41.98

Two_WD Dummy that takes the value 1

if there are two women on

the board

14.59

Three&More_WD Dummy that takes the value 1

if there are three or more

women on the board

18.38

DStkEng Dummy that identifies the

existence of a policy of

active stakeholder participa-

tion in management pro-

cesses (García-S�anchez et

al., 2022).

39.32

CEOduality Dummy that identifies the

duality of functions of the

CEO as Chairman of the

Board.

62.97

(continued)
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Main results

The results obtained in the estimation of the empirical models

designed to test the research hypotheses are summarized in Table 3

(Model 1) and Table 4 (Models 2 and 3). For all models, a preliminary

equation, Model 0, is presented, which assumes the estimation of

each model in t with the only inclusion of the independent variables

relating to gender diversity. That is, in each equation’s version 0, the

control variables are omitted, except those related to sector, country

and time period. In addition, to ensure the robustness of the results

obtained in the face of methodological specifications, each model is

estimated with and without instruments. This implies the inclusion

of the explanatory variables in t (static models or without instru-

ments) and the use of lags t-1, t-2 and t-3 (dynamic models, with lags

or with instruments).

Table 3 shows the results relating to Model 1, designed to test

hypothesis H1. In this regard, the testing of hypothesis H1 is per-

formed by using the variables BoardDiversity (BD) and WomenDirec-

tors (WD), representing the proportion and number of female

directors, respectively. As can be seen, the BoardDiversity variable

has a positive impact on the dependant variable Inno_ClimaCh, sig-

nificant for a 99% confidence level. Specifically, its isolated effect is

b1 = 0.0686, reducing to b1 = 0.0243 when considering other varia-

bles representing the resources and capabilities of the companies, the

attributes of the board of directors and the existence of institutional

pressures. The positive nature of the effect and its significance are

maintained in the dynamic models in which lags t-1 (b1 = 0.0278), t-

2 (b1 = 0.0310) and t-3 (b1 = 0.0417) are used as instruments.

The effect observed for the WomenDirectors variable is quite sim-

ilar in sign and significance, although the amount is larger due to the

measurement scale. Its effect in Model 0 is b1 = 0.643, and b1 = 0.226

in the full static model (equation 1, including control variables). In

the dynamic models, the coefficients reach the following values:

b1 = 0.268 in the full model with lag t-1; b1 = 0.305 in the full model

with lag t-2; and b1 = 0.414) in the full model with lag t-3.

The alternative use of both variables and the similarity of results

between static and dynamic models ensures the robustness of the

results regarding the role that board gender diversity exerts on cor-

porate commitment to the fight against climate change, identified

through the promotion of and investment in different proactive envi-

ronmental projects and initiatives. Therefore, hypothesis H1, which

stated that board gender diversity is associated with greater climate

change innovation, can be accepted.

Panel A in Table 4 shows the results corresponding to Model 2,

designed to test hypothesis H2. As can be seen, the impact that the

presence of women on the board has on the company’s proactivity in

innovation against climate change is independent of the type of

director considered (independent or executive). Thus, the first col-

umn of this panel shows that both independent and executive female

directors have a positive and significant impact at a confidence level

of 99%. In fact, the magnitude of the impact is greater in the case of

the latter type of female directors: the Independent_WD variable has

an effect of d1 = 0.0169, while the effect of the Insider_WD variable is

d1 = 0.0333. The nature of the effect, its significance and amount are

maintained in the dynamic models estimated with lags t-1 to t-3.

Therefore, the evidence obtained from the estimation of Model 2

leads us to reject hypothesis H2, which posited that the effect of

board gender diversity on climate change innovation is driven by the

presence of independent female directors.

Regarding the last hypothesis, Panel B in Table 4 summarizes the

results corresponding to Model 3. These findings do not suggest the

theoretically expected relationship in its entirety. It can be observed

that the most proactive companies with respect to investing in climate

change innovations are those whose boards of directors have a per-

centage of women equal to or less than 40%. Thus, regarding the static

model, in the first column, the Skewed and Tilted variables have a pos-

itive impact on the Inno_ClimaCh score, significant at a 99% confidence

level. However, the effect of the Tilted variable, representative of a

female presence between 20% and 40% of the board size, is greater

than that of the Skewed variable, indicative of women occupying at

most 20% of the seats on this body 0< d1 ¼ 0:352 < d2 ¼ 0:479. In

contrast, the Balanced variable, representing boards with a balanced

presence of men and women, although having a positive effect, is not

significant from an econometric point of view. The results are robust

to the use of dynamic models (results showed in the following three

columns) and allow us to partially accept hypothesis H3 that the effect

of board gender diversity on climate change innovation is driven by

the existence of a critical mass of female directors.

In terms of the control variables, the various models confirm that

companies with higher levels of resources and capabilities associated

with their age and size, as well as those withmore effective internal cor-

porate governance structures (i.e. more independent boards and with a

higher specialization on sustainability issues) and more active in their

dialogue with stakeholders are the most proactive companies in climate

change innovation. With regard to national pressures, the European

institutional context and the COVID-19 pandemic are drivers of these

decisions. As regards the former, our findings reflect the effect of the

several reforms introduced in the European Union to encourage busi-

ness commitment to the fight against climate change (Nube & Velte,

2022). This is also the case for environmental commitment at the coun-

try level as measured by the EPI indicator. Conversely, the existence of

broader environmental legislation inhibits these proactive practices.

Complementary analysis

The results obtained with respect to critical mass theory, Model 3,

suggest the existence of a possible non-linear relationship between

board gender diversity and environmental innovation in climate

change. To contrast the existence of this relationship and to deepen

the understanding of the ideal size of critical mass, the following

models have been defined:

Inno_ClimaCh=EnvScore=ESGScorei;t ¼ 60þ 61BoardDiversity=

WomenDirectorsi;t þ 62Square_BD=SquareWDi;t þ
X13

n¼3

6iFi;t þ
X20

n¼14

6iBi;t

þ
X24

n¼21

6iIi;t þ 625Countryi þ 626Indiþ 627Yeart þ eit þ hi [Model 4]

Inno_ClimaCh=EnvScore=ESGScorei;t ¼V0 þV1One_WDi;t

þV2Two_WDi;t þV3Three&More_WDi;t

þ
X14

n¼4

ViFi;t þ
X21

n¼15

ViBi;t þ
X25

n¼22

ViIi;t þV26Countryi

þV27Indi þV28Yeart þ eit þ hi [Model 5]

Table 1 (Continued)

Variable Definition Mean Std. dv.

CSRCommittee Dummy that identifies the

existence of a specialized

subcommittee on sustain-

ability on the boar

50.55

EU Dummy that identifies that the

company’s country of origin

is EU for the period 2019

and 2020 (EU) due to the

approval of the European

Action Plan to ensure sus-

tainable growth

14.19

Covid Dummy identifying the effects

of the COVID-19 Pandemic

in 2020

9.83
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Table 2

Bivariate correlations matrix (*** p<0.01, ** p<0.05, * p<0.1).

1 2 3 4 5 6 7 8 9 10 11 12

1 Inno_CliCh 1

2 BoardDiversity(BD) 0.19*** 1

3 Skewed 0.14*** 0.69*** 1

4 Tilted 0.17*** 0.81*** 0.40*** 1

5 Balanced 0.10*** 0.50*** 0.12*** 0.30*** 1

6 WomenDirectors(WD) 0.26*** 0.89*** 0.64*** 0.74*** 0.43*** 1

7 One_WD �0.10*** �0.06*** 0.49*** �0.25*** �0.17*** �0.17*** 1

8 Two_WD 0.06*** 0.24*** 0.24*** 0.16*** �0.08*** 0.19*** �0.35*** 1

9 Three&More_WD 0.22*** 0.64*** 0.28*** 0.61*** 0.42*** 0.76*** �0.40*** �0.20*** 1

10 Independent_WD 0.18*** 0.74*** 0.48*** 0.62*** 0.39*** 0.66*** �0.08*** 0.17*** 0.49*** 1

11 Insider_WD 0.07*** 0.61*** 0.47*** 0.48*** 0.29*** 0.54*** 0.01** 0.16*** 0.37*** �0.08*** 1

12 logAGE 0.23*** 0.03*** 0.01*** 0.03*** 0.02*** 0.09*** �0.06*** 0.01*** 0.09*** �0.03*** 0.07*** 1

13 logTA 0.38*** 0.07*** 0.10*** 0.07*** 0.01*** 0.25*** �0.12*** 0.05*** 0.22*** 0.08*** 0.00 0.16***

14 TobinQ �0.08*** 0.03*** 0.01*** 0.02*** 0.00 �0.02*** 0.03*** 0.01 �0.03*** 0.00 0.04*** �0.05***

15 ROA 0.00 �0.06*** �0.08*** �0.04*** �0.01** �0.06*** �0.03*** �0.02*** �0.03*** �0.04*** �0.04*** 0.02***

16 InterSales 0.05*** �0.06*** �0.07*** �0.04*** �0.01*** �0.06*** �0.02*** �0.03*** �0.03*** �0.04*** �0.05*** 0.03***

17 R&D 0.03*** �0.03*** �0.04*** �0.03*** �0.01 �0.03*** �0.01 �0.02*** �0.02*** �0.02*** �0.03*** 0.02***

18 Advertising 0.04*** �0.08*** �0.08*** �0.06*** �0.02*** �0.07*** �0.01*** �0.04*** �0.04*** �0.06*** �0.05*** 0.04***

19 CAPEX 0.05*** �0.07*** �0.08*** �0.05*** �0.02*** �0.07*** �0.01** �0.03*** �0.04*** �0.05*** �0.05*** 0.03***

20 Dividend 0.03*** �0.04*** �0.03*** �0.04*** �0.01*** �0.05*** 0.01*** �0.02*** �0.03*** �0.04*** �0.02*** 0.02***

21 Leverage 0.02*** �0.08*** �0.10*** �0.06*** �0.02*** �0.09*** �0.03*** �0.04*** �0.04*** �0.06*** �0.04*** 0.03***

22 Analysts 0.31*** 0.04*** 0.07*** 0.04*** 0.00 0.15*** �0.07*** 0.04*** 0.13*** 0.06*** 0.00 0.04***

23 InstInve_VR �0.03*** �0.06*** �0.06*** �0.04*** �0.01** �0.06*** �0.01* �0.02*** �0.04*** �0.07*** �0.01* 0.03***

24 DStkEng 0.53*** 0.16*** 0.10*** 0.14*** 0.10*** 0.24*** �0.10*** 0.04*** 0.21*** 0.17*** 0.05*** 0.15***

25 BoardSize 0.25*** 0.04*** 0.18*** 0.03*** �0.01** 0.37*** �0.11*** 0.03*** 0.32*** 0.03*** 0.03*** 0.19***

26 BoardActivity 0.05*** �0.03*** �0.06*** �0.02*** 0.03*** �0.04*** �0.02*** �0.04*** �0.01*** �0.01 �0.04*** 0.05***

27 CEOduality 0.04*** 0.01 �0.02*** 0.02*** 0.03*** �0.02*** 0.00 �0.02*** 0.00 0.03*** �0.02*** �0.04***

28 BoardIndep 0.09*** 0.21*** 0.19*** 0.16*** 0.06*** 0.19*** 0.02*** 0.07*** 0.12*** 0.62*** �0.44*** �0.14***

29 BoardTenure �0.09*** �0.02*** 0.04*** �0.04*** �0.06*** �0.01** 0.04*** 0.04*** �0.04*** �0.11*** 0.10*** 0.25***

30 CSRCommittee 0.55*** 0.14*** 0.10*** 0.13*** 0.07*** 0.22*** �0.09*** 0.05*** 0.19*** 0.14*** 0.04*** 0.21***

31 ERRI �0.06*** 0.24*** 0.17*** 0.20*** 0.10*** 0.20*** 0.00 0.06*** 0.12*** 0.18*** 0.15*** 0.00

32 EPI 0.14*** 0.10*** �0.01* 0.10*** 0.11*** 0.10*** �0.06*** �0.03*** 0.10*** 0.06*** 0.07*** 0.03***

33 EU 0.23*** 0.27*** 0.15*** 0.23*** 0.18*** 0.34*** �0.10*** 0.01 0.29*** 0.20*** 0.16*** 0.03***

34 Covid 0.13*** 0.17*** 0.10*** 0.14*** 0.09*** 0.13*** �0.01** 0.04*** 0.09*** 0.15*** 0.07*** 0.03***

13 14 15 16 17 18 19 20 21 22 23 24

13 logTA 1

14 TobinQ �0.30*** 1

15 ROA 0.01 0.01** 1

16 InterSales 0.07*** �0.02*** 0.10*** 1

17 R&D 0.05*** �0.01 0.07*** 0.90*** 1

18 Advertising 0.08*** �0.01 0.10*** 0.86*** 0.84*** 1

19 CAPEX 0.08*** �0.02*** 0.12*** 0.75*** 0.74*** 0.82*** 1

20 Dividend 0.06*** 0.01 0.13*** 0.29*** 0.25*** 0.43*** 0.52*** 1

21 Leverage �0.01 0.00 0.16*** 0.13*** 0.03*** 0.30*** 0.32*** 0.28*** 1

22 Analysts 0.47*** 0.05*** 0.06*** 0.12*** 0.09*** 0.12*** 0.11*** 0.05*** 0.03*** 1

23 InstInve_VR �0.05*** 0.01** 0.02*** 0.02*** 0.02*** 0.03*** 0.03*** 0.00 0.01*** �0.03*** 1

24 DStkEng 0.32*** �0.08*** 0.02*** 0.06*** 0.04*** 0.05*** 0.06*** 0.04*** 0.02*** 0.25*** 0.00 1

25 BoardSize 0.51*** �0.13*** �0.01** 0.00 0.00 �0.01 0.01* �0.03*** �0.06*** 0.25*** 0.01* 0.23***

26 BoardActivity 0.12*** �0.09*** 0.02*** 0.01* 0.00 0.02*** 0.05*** 0.09*** 0.01 �0.06*** �0.01*** 0.05***

27 CEOduality �0.04*** �0.02*** 0.01 �0.01** �0.02*** 0.00 0.01 0.02*** 0.04*** �0.09*** �0.01** 0.10***

28 BoardIndep 0.05*** �0.01*** �0.04*** 0.01 0.00 �0.02*** �0.01*** �0.01*** �0.04*** 0.06*** �0.06*** 0.11***

29 BoardTenure �0.07*** 0.05*** �0.05*** �0.05*** �0.03*** �0.06*** �0.06*** �0.04*** �0.05*** �0.06*** �0.01* �0.12***

30 CSRCommittee 0.32*** �0.08*** 0.01** 0.05*** 0.03*** 0.04*** 0.04*** 0.01*** 0.01 0.28*** �0.01 0.55***

31 ERRI �0.11*** 0.02*** �0.10*** �0.10*** �0.05*** �0.14*** �0.15*** �0.16*** �0.22*** �0.13*** �0.06*** �0.16***

32 EPI 0.10*** �0.04*** �0.01** �0.01** 0.00 �0.02*** �0.03*** �0.04*** �0.07*** 0.00 0.00 0.02***

33 EU 0.16*** �0.04*** �0.03*** �0.03*** �0.02*** �0.04*** �0.04*** �0.03*** �0.04*** 0.16*** 0.00 0.21***

34 Covid �0.02*** 0.03*** �0.01*** �0.01 0.00 �0.01 �0.01* 0.00 �0.01* �0.07*** �0.01 0.09***

25 26 27 28 29 30 31 32 33 34

25 BoardSize 1

26 BoardActivity 0.02*** 1

27 CEOduality �0.03*** 0.10*** 1

28 BoardIndep �0.01** �0.02*** 0.02*** 1

29 BoardTenure �0.02*** �0.20*** �0.24*** �0.17*** 1

30 CSRCommittee 0.24*** 0.06*** 0.06*** 0.07*** �0.11*** 1

31 ERRI �0.11*** �0.10*** �0.08*** 0.03*** 0.12*** �0.03*** 1

32 EPI 0.01 0.07*** 0.07*** �0.03*** �0.12*** 0.07*** 0.53*** 1

33 EU 0.18*** 0.02*** 0.07*** 0.07*** �0.11*** 0.16*** 0.19*** 0.46*** 1

34 Covid �0.05*** 0.06*** 0.02*** 0.07*** 0.02*** 0.05*** 0.01 �0.01** 0.00 1
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Model 4 has been designed to test for the existence of a possible

non-linear relationship between board gender diversity and environ-

mental proactivity in the fight against climate change. For this pur-

pose, both the variables BoardDiversity and WomenDirectors and

their squares (Square_BD and Square_WD) have been included. In

case of the existence of an inverse-U relationship, it is expected that

61 >0 y62 <0:

In Model 5, following Atif et al. (2021), we have included the dum-

mies One_WD, Two_WD and Three&More_WD that take the value 1

to identify those companies whose boards have, respectively, 1, 2

and 3 or more female directors. Otherwise, the variables take the

value 0. It is expected that 0< V1 < V2 < V3.

In addition, in order to show whether this effect is specific to the

decisions made with respect to climate change innovation or is

generalizable to all environmental and sustainability areas, the Env-

Score and ESGScore variables, constructed from the performance

scores available in EIKON for both dimensions, will be used. These

models will be estimated using regressions adapted to the nature of

the dependant variables, ordinal and Tobit for panel data, controlling

for multicollinearity introduced by the squaring of the variables by

using centred variables.

The results depicted in Panel A in Table 5 allow us to observe a

partial effect of critical mass in the sense that the presence of 3 or

more female directors on the board has a greater impact on climate

change innovation than if there are one or two female directors, but

the presence of a single female director guarantees business proactiv-

ity in the fight against climate change (0< V1 ¼ 0:531<V2 ¼ 0:876

< V3 ¼ 0:997Þ.

Table 3

Board Diversity and Climate Change innovations (*** p<0.01, ** p<0.05, * p<0.1).

Model 0 (t) Model 1 (t) Lagged Model 1 (t-1) Lagged Model 1 (t-2) Lagged Model 1 (t-3)

coeff coeff coeff coeff coeff coeff coeff coeff coeff coeff

(std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error)

BoardDiversity(BD) 0.0686*** 0.0243*** 0.0278*** 0.0310*** 0.0417***

(0.00155) (0.00210) (0.00236) (0.00269) (0.00313)

WomenDirectors(WD) 0.643*** 0.226*** 0.268*** 0.305*** 0.414***

(0.0147) (0.0212) (0.0237) (0.0267) (0.0307)

logAGE 0.896*** 0.910*** 0.870*** 0.880*** 0.800*** 0.806*** 0.804*** 0.811***

(0.0540) (0.0541) (0.0571) (0.0571) (0.0604) (0.0604) (0.0654) (0.0654)

logTA 0.878*** 0.875*** 0.971*** 0.966*** 1.066*** 1.061*** 0.969*** 0.965***

(0.0364) (0.0365) (0.0396) (0.0397) (0.0430) (0.0430) (0.0465) (0.0466)

TobinQ 9.123 9.428 �5.851 �6.289 56.35*** 55.56*** 49.58*** 48.67***

(14.62) (14.61) (16.24) (16.24) (17.09) (17.08) (18.70) (18.72)

ROA �0.000512 �0.000522 �0.000361 �0.000375 �0.000274 �0.000287 �0.000150 �0.000160

(0.000573) (0.000573) (0.000588) (0.000587) (0.000617) (0.000616) (0.000654) (0.000654)

InterSales 0.000 0.000 0.000 0.000 5.93e-11** 5.82e-11** 0.0001* 0.000

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

R&D 2.31e-10 2.29e-10 2.74e-10 2.69e-10 1.30e-10 1.17e-10 2.00e-10 1.75e-10

(2.28e-10) (2.28e-10) (2.62e-10) (2.62e-10) (3.28e-10) (3.28e-10) (3.97e-10) (3.98e-10)

Advertising �9.54e-11 �9.52e-11 �1.44e-10 �1.42e-10 �1.63e-10 �1.58e-10 �9.05e-11 �8.32e-11

(1.13e-10) (1.12e-10) (1.18e-10) (1.18e-10) (1.24e-10) (1.24e-10) (1.42e-10) (1.42e-10)

CAPEX (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) �1.36e-10 �1.25e-10

(8.02e-11) (8.01e-11) (8.56e-11) (8.56e-11) (9.18e-11) (9.18e-11) (9.54e-11) (9.55e-11)

Dividend (0.000) (0.000) (0.000) (0.000) �1.43e-10 �1.40e-10 �1.03e-10 �1.01e-10

(1.35e-10) (1.35e-10) (1.34e-10) (1.35e-10) (1.56e-10) (1.56e-10) (1.73e-10) (1.73e-10)

Leverage 7.96e-05 8.42e-05 �7.47e-05 �7.59e-05 �5.31e-05 �5.23e-05 0.000888** 0.000889**

(0.000336) (0.000336) (0.000348) (0.000348) (0.000369) (0.000369) (0.000408) (0.000408)

Analysts 0.0110** 0.0108** 0.0102** 0.0102** 0.00633 0.00648 0.0114* 0.0112*

(0.00469) (0.00470) (0.00506) (0.00506) (0.00550) (0.00550) (0.00607) (0.00607)

InstInve_VR �0.00243 �0.00252 �0.00382** �0.00390** �0.00469*** �0.00471*** �0.00340* �0.00333*

(0.00159) (0.00159) (0.00168) (0.00169) (0.00178) (0.00178) (0.00192) (0.00192)

DStkEng 1.227*** 1.232*** 1.036*** 1.036*** 0.827*** 0.823*** 0.747*** 0.740***

(0.0569) (0.0569) (0.0633) (0.0634) (0.0715) (0.0715) (0.0812) (0.0812)

BoardSize �0.00645 �0.0356*** 0.00589 �0.0265** 0.00807 �0.0272** 0.00376 �0.0419***

(0.0108) (0.0111) (0.0117) (0.0120) (0.0128) (0.0131) (0.0142) (0.0146)

BoardActivity �0.0106** �0.0101** �0.0245*** �0.0240*** �0.0283*** �0.0278*** �0.0254*** �0.0251***

(0.00484) (0.00484) (0.00577) (0.00577) (0.00635) (0.00635) (0.00736) (0.00736)

CEOduality 0.0822 0.0815 0.163*** 0.162*** 0.224*** 0.224*** 0.325*** 0.324***

(0.0559) (0.0559) (0.0604) (0.0604) (0.0660) (0.0660) (0.0727) (0.0728)

BoardIndep 0.00310*** 0.00313*** 0.00296*** 0.00296*** 0.00263*** 0.00260*** 0.00305*** 0.00302***

(0.000654) (0.000654) (0.000715) (0.000715) (0.000794) (0.000794) (0.000891) (0.000892)

BoardTenure 0.0155 0.0125 0.0117 0.00882 0.00615 0.00348 0.00479 0.00194

(0.00976) (0.00974) (0.0107) (0.0107) (0.0118) (0.0118) (0.0131) (0.0131)

CSRCommittee 1.683*** 1.684*** 1.151*** 1.149*** 0.805*** 0.801*** 0.500*** 0.494***

(0.0599) (0.0598) (0.0664) (0.0664) (0.0743) (0.0743) (0.0832) (0.0833)

ERRI �0.943*** �0.941*** �1.052*** �1.058*** �1.084*** �1.096*** �1.130*** �1.151***

(0.132) (0.132) (0.140) (0.140) (0.146) (0.147) (0.157) (0.157)

EPI 0.0948*** 0.0953*** 0.0966*** 0.0976*** 0.0912*** 0.0926*** 0.0897*** 0.0917***

(0.0111) (0.0112) (0.0117) (0.0118) (0.0123) (0.0123) (0.0130) (0.0131)

EU 0.831*** 0.808*** 0.874*** 0.841*** 0.864*** 0.823*** 0.878*** 0.810***

(0.203) (0.204) (0.215) (0.216) (0.226) (0.227) (0.244) (0.245)

Covid 1.819*** 1.838*** 1.930*** 1.948*** 2.032*** 2.047*** 1.919*** 1.926***

(0.0579) (0.0578) (0.0586) (0.0585) (0.0604) (0.0603) (0.0632) (0.0632)

Industry yes yes yes yes yes yes yes yes yes yes

Country yes yes yes yes yes yes yes yes yes yes

Year yes yes yes yes yes yes yes yes yes yes

Log Likelihood �38,534.52 �38,564.33 21,790.31 �21,800.08 �19,520.32 �19,525.70 17,092.93 �17,094.45 �14,555.20 �14,553.60

p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 4

Female director’s typology and critical mass (*** p<0.01, ** p<0.05, * p<0.1).

Panel A. Female Directors typology

Model 2 (t) Lagged Model 2 (t-1) Lagged Model 2 (t-2) Lagged Model 2 (t-3) Model 3 (t) Lagged Model 3 (t-1) Lagged Model 3 (t-2) Lagged Model 3 (t-3)

coeff coeff coeff coeff coeff coeff coeff coeff

(std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error)

Independent_WD 0.0169*** 0.0197*** 0.0208*** 0.0315***

(0.00287) (0.00324) (0.00375) (0.00441)

Insider_WD 0.0333*** 0.0375*** 0.0426*** 0.0526***

(0.00319) (0.00354) (0.00399) (0.00457)

Skewed 0.352*** 0.382*** 0.370*** 0.459***

(0.0469) (0.0523) (0.0592) (0.0681)

Tilted 0.479*** 0.515*** 0.599*** 0.817***

(0.0573) (0.0617) (0.0680) (0.0762)

Balanced 0.00648 0.0726 0.100 0.116

(0.0945) (0.113) (0.137) (0.168)

logAGE 0.903*** 0.878*** 0.808*** 0.812*** 0.912*** 0.886*** 0.814*** 0.820***

(0.0541) (0.0571) (0.0605) (0.0655) (0.0540) (0.0571) (0.0604) (0.0654)

logTA 0.877*** 0.971*** 1.066*** 0.970*** 0.881*** 0.975*** 1.068*** 0.969***

(0.0364) (0.0396) (0.0430) (0.0466) (0.0365) (0.0397) (0.0430) (0.0465)

TobinQ 8.068 �7.235 55.15*** 48.72*** 9.146 �5.056 58.22*** 51.47***

(14.61) (16.22) (17.14) (18.73) (14.66) (16.32) (17.05) (18.70)

ROA �0.000518 �0.000372 �0.000294 �0.000172 �0.000483 �0.000350 �0.000270 �0.000146

(0.000572) (0.000588) (0.000618) (0.000657) (0.000572) (0.000588) (0.000618) (0.000655)

InterSales 0.000 0.000 5.91e-11** 0.0001* 0.000 0.000 6.03e-11** 5.00e-11*

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

R&D 2.41e-10 2.82e-10 1.42e-10 2.18e-10 2.35e-10 2.75e-10 1.22e-10 2.12e-10

(2.29e-10) (2.62e-10) (3.28e-10) (3.97e-10) (2.28e-10) (2.62e-10) (3.27e-10) (3.96e-10)

Advertising �9.92e-11 �1.48e-10 �1.67e-10 �9.40e-11 �9.85e-11 �1.47e-10 �1.65e-10 �9.69e-11

(1.13e-10) (1.18e-10) (1.24e-10) (1.42e-10) (1.12e-10) (1.18e-10) (1.24e-10) (1.42e-10)

CAPEX 0.000 0.000 0.000 �1.42e-10 0.000 0.000 0.000 �1.35e-10

(8.01e-11) (8.56e-11) (9.18e-11) (9.55e-11) (8.03e-11) (8.59e-11) (9.20e-11) (9.54e-11)

Dividend 0.000 0.000 �1.52e-10 �1.08e-10 0.000 0.000 �1.56e-10 �1.09e-10

(1.36e-10) (1.34e-10) (1.57e-10) (1.73e-10) (1.36e-10) (1.35e-10) (1.57e-10) (1.73e-10)

Leverage 0.000106 �5.35e-05 �2.85e-05 0.000915** 8.94e-05 �7.51e-05 �5.66e-05 0.000899**

(0.000336) (0.000348) (0.000369) (0.000408) (0.000336) (0.000348) (0.000369) (0.000408)

Analysts 0.0113** 0.0105** 0.00666 0.0116* 0.00977** 0.00877* 0.00503 0.0105*

(0.00470) (0.00506) (0.00550) (0.00607) (0.00469) (0.00506) (0.00550) (0.00606)

InstInve_VR �0.00241 �0.00379** �0.00464*** �0.00335* �0.00252 �0.00394** �0.00475*** �0.00338*

(0.00159) (0.00168) (0.00178) (0.00192) (0.00159) (0.00169) (0.00178) (0.00192)

DStkEng 1.222*** 1.030*** 0.822*** 0.744*** 1.246*** 1.055*** 0.853*** 0.780***

(0.0569) (0.0633) (0.0715) (0.0812) (0.0568) (0.0632) (0.0714) (0.0811)

BoardSize �0.00690 0.00510 0.00714 0.00264 �0.0164 �0.00511 �0.00519 �0.0137

(0.0108) (0.0118) (0.0128) (0.0142) (0.0109) (0.0119) (0.0129) (0.0143)

BoardActivity �0.0104** �0.0244*** �0.0282*** �0.0255*** �0.00962** �0.0242*** �0.0281*** �0.0253***

(0.00485) (0.00577) (0.00636) (0.00736) (0.00484) (0.00577) (0.00635) (0.00736)

CEOduality 0.0787 0.160*** 0.219*** 0.322*** 0.0694 0.150** 0.209*** 0.309***

(0.0559) (0.0604) (0.0660) (0.0728) (0.0560) (0.0605) (0.0660) (0.0728)

BoardIndep 0.00577*** 0.00576*** 0.00591*** 0.00610*** 0.00312*** 0.00301*** 0.00269*** 0.00310***

(0.000966) (0.00105) (0.00115) (0.00129) (0.000654) (0.000715) (0.000793) (0.000891)

BoardTenure 0.0151 0.0113 0.00562 0.00437 0.0121 0.00879 0.00316 0.00162

(0.00977) (0.0107) (0.0118) (0.0131) (0.00976) (0.0107) (0.0118) (0.0131)

CSRCommittee 1.686*** 1.154*** 0.809*** 0.503*** 1.676*** 1.146*** 0.796*** 0.485***

(0.0599) (0.0664) (0.0743) (0.0832) (0.0599) (0.0664) (0.0744) (0.0833)

ERRI �0.950*** �1.060*** �1.093*** �1.136*** �0.941*** �1.047*** �1.080*** �1.126***

(0.132) (0.140) (0.147) (0.157) (0.133) (0.140) (0.147) (0.157)

(continued on next page)
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Additionally, in the first two columns it can be seen that there is a

non-linear relationship (inverted U-shaped) between board gender

diversity and climate change innovation, as it is confirmed that 61 >0

y 62 < 0: In this respect, to determine the ideal number or propor-

tion of female board members, we calculate the point K1 at which

the change in the effect of these variables occurs, which is deter-

mined by K1 = - (61 / 2 62). We found that this point is associated

with the presence of 5 female directors on the board, which means

46.78% of the board members. Thus, when the number of female

directors on the board surpasses five, climate change innovation does

not correlate with the percentage of female directors or the statistical

significance of the association between them decreases.

Furthermore, the relationships observed for the Inno_ClimaCh

variable are confirmed in the models estimated for EnvScore and

ESGScore, synthesized in panels B and C in Table 5. Therefore, it can

be stated that the U-inverse relationship associated with board gen-

der diversity is generalizable to any corporate sustainability decision

made by boards of directors.

Discussion

Summary of findings

Our findings show that climate change innovation is positively

associated with both the percentage and the number of female board

members, indicating that, as posited by hypothesis H1, board gender

diversity is associated with greater climate change innovation. Thus,

the results support the theoretical predictions that female board

representation favours the inclusion of climate change issues into

corporate strategies and the adoption of proactive environmental ini-

tiatives in this regard, and are consistent with previous empirical evi-

dence documenting a positive association between board gender

diversity and eco-innovation (Galia et al., 2015; Glass et al., 2016; He

& Jiang, 2019; Hobach & Jacob, 2018; Liao et al., 2019; Moreno-Ureba

et al., 2022; Nadeem et al., 2020; Naveed et al., 2022) and climate

change mitigation initiatives (Atif et al., 2021; García Martín & Her-

rero, 2020; Gull et al., 2022; Haque, 2017; Konadu et al., 2022; Nube

& Velte, 2020).

However, this positive effect does not depend on the type of board

female member considered (independent or executive director). In

our sample, both independent and executive female directors have a

positive and significant impact on climate change innovation, the

impact being more pronounced for executive female directors than

for independent female directors. Therefore, contrary to hypothesis

H2, the positive effect of board gender diversity on climate change

innovation is not due to the presence of independent female direc-

tors. This result is inconsistent with theoretical predictions that inde-

pendent directors increase board effectiveness through better

oversight, expertise and stakeholder orientation. Moreover, it contra-

dicts previous empirical evidence (e.g., Atif et al., 2020, 2021; Gull et

al., 2022), indicating a greater impact of independent female directors

on environmental proactivity compared to executive female direc-

tors. This could be due to the fact that in our case the proportion of

independent and executive female directors is relatively balanced,

compared to other studies. In our view, a possible explanation for our

result could be that, not belonging to the “old-boys’ network”, female

directors tend to exhibit greater independence than their male coun-

terparts (Adams & Ferreira, 2009; Li & Li, 2020; Seebeck & Vetter,

2022), which makes them better monitors regardless of their ties to

the company, as independent or executive directors.

Our results partially support hypothesis H3. In line with its postu-

lation, environmental proactivity in the fight against climate change

increases as the number of female directors increases. Thus, the sta-

tistical significance of female board representation is greater for com-

panies with three female directors than for companies with two, and

is greater when there are two female directors on the board than
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Table 5

Complementary analysis (*** p<0.01, ** p<0.05, * p<0.1).

Panel A. Inno_CliCh Panel B. EnvScore Panel C. ESGScore

coeff coeff coeff coeff coeff coeff coeff coeff coeff

(std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error) (std.error)

BoardDiversity(BD) 0.0494*** 0.241*** 0.362***

(0.00510) (0.0210) (0.0155)

Square_BD �0.000528*** �0.00175*** �0.00288***

(0.000111) (0.000451) (0.000332)

WomenDirectors (WD) 0.528*** 2.782*** 3.807***

(0.0438) (0.185) (0.136)

Square_WD �0.0518*** �0.225*** �0.295***

(0.00730) (0.0305) (0.0225)

One_WD 0.531*** 2.338*** 4.009***

(0.0617) (0.260) (0.192)

Two_WD 0.876*** 4.452*** 6.263***

(0.0797) (0.335) (0.249)

Three&More_WD 0.997*** 5.442*** 7.626***

(0.0914) (0.385) (0.285)

logAGE 0.863*** 0.859*** 0.887*** 5.953*** 5.946*** 6.201*** 4.637*** 4.667*** 5.038***

(0.0571) (0.0570) (0.0570) (0.258) (0.258) (0.258) (0.192) (0.192) (0.195)

logTA 0.969*** 0.961*** 0.973*** 6.284*** 6.232*** 6.322*** 4.121*** 4.061*** 4.198***

(0.0397) (0.0397) (0.0397) (0.168) (0.168) (0.168) (0.123) (0.123) (0.124)

TobinQ �6.989 �8.135 �4.446 292.2*** 285.4*** 306.6*** 263.9*** 256.9*** 289.6***

(16.31) (16.29) (16.29) (63.79) (63.79) (63.86) (46.81) (46.85) (47.16)

ROA �0.000352 �0.000356 �0.000351 0.00163 0.00162 0.00163 0.000949 0.000899 0.000975

(0.000588) (0.000588) (0.000588) (0.00264) (0.00264) (0.00264) (0.00194) (0.00194) (0.00195)

InterSales 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 5.14e-11

(0.000) (0.000) (0.000) (1.07e-10) (1.07e-10) (1.07e-10) (7.87e-11) (7.87e-11) (7.93e-11)

R&D 2.64e-10 2.49e-10 2.67e-10 3.88e-10 3.10e-10 4.41e-10 0.000 �1.14e-10 0.000

(2.61e-10) (2.62e-10) (2.62e-10) (1.08e-09) (1.08e-09) (1.08e-09) (7.94e-10) (7.95e-10) (8.00e-10)

Advertising �1.42e-10 �1.36e-10 �1.44e-10 �9.22e-11 �6.70e-11 �1.16e-10 �9.88e-11 �6.76e-11 �1.47e-10

(1.18e-10) (1.18e-10) (1.18e-10) (4.98e-10) (4.97e-10) (4.98e-10) (3.65e-10) (3.65e-10) (3.68e-10)

CAPEX 0.000 0.000 0.000 3.40e-10 3.89e-10 3.23e-10 5.44e-10** 6.03e-10** 5.24e-10*

(8.56e-11) (8.55e-11) (8.58e-11) (3.68e-10) (3.68e-10) (3.68e-10) (2.70e-10) (2.70e-10) (2.72e-10)

Dividend 0.000 0.000 0.000 �5.20e-10 �5.03e-10 �5.47e-10 1.28e-10 1.52e-10 6.45e-11

(1.34e-10) (1.35e-10) (1.35e-10) (5.89e-10) (5.89e-10) (5.90e-10) (4.33e-10) (4.33e-10) (4.36e-10)

Leverage �3.95e-05 �3.63e-05 �6.32e-05 0.00348** 0.00353** 0.00334** 0.00131 0.00132 0.00110

(0.000348) (0.000348) (0.000348) (0.00164) (0.00164) (0.00165) (0.00120) (0.00120) (0.00121)

Analysts 0.00988* 0.00967* 0.00835* 0.0692*** 0.0691*** 0.0572*** 0.0608*** 0.0605*** 0.0427***

(0.00506) (0.00506) (0.00505) (0.0221) (0.0221) (0.0221) (0.0162) (0.0162) (0.0163)

InstInve_VR �0.00378** �0.00368** �0.00390** �0.0121 �0.0116 �0.0131 �0.0165*** �0.0160*** �0.0182***

(0.00169) (0.00169) (0.00169) (0.00797) (0.00797) (0.00799) (0.00577) (0.00578) (0.00583)

DStkEng 1.038*** 1.028*** 1.051*** 9.057*** 8.998*** 9.159*** 7.248*** 7.181*** 7.438***

(0.0633) (0.0634) (0.0633) (0.267) (0.268) (0.268) (0.196) (0.197) (0.198)

BoardSize 0.000860 �0.0273** �0.0218* 0.0852* �0.0984* �0.0528 �0.117*** �0.372*** �0.303***

(0.0118) (0.0120) (0.0120) (0.0501) (0.0510) (0.0508) (0.0368) (0.0374) (0.0375)

BoardActivity �0.0240*** �0.0234*** �0.0238*** �0.0602** �0.0571** �0.0595** �0.0894*** �0.0857*** �0.0886***

(0.00577) (0.00577) (0.00577) (0.0241) (0.0241) (0.0241) (0.0177) (0.0177) (0.0178)

CEOduality 0.155** 0.151** 0.146** 0.824*** 0.799*** 0.791*** 1.852*** 1.830*** 1.797***

(0.0605) (0.0605) (0.0605) (0.254) (0.254) (0.255) (0.187) (0.187) (0.188)

BoardIndep 0.00289*** 0.00284*** 0.00304*** 0.00801*** 0.00777*** 0.00935*** 0.0178*** 0.0177*** 0.0196***

(0.000715) (0.000715) (0.000715) (0.00299) (0.00299) (0.00299) (0.00220) (0.00220) (0.00221)

BoardTenure 0.0106 0.0103 0.00738 �0.0424 �0.0491 �0.0715 0.0664* 0.0547 0.0202

(0.0107) (0.0107) (0.0107) (0.0466) (0.0465) (0.0466) (0.0341) (0.0340) (0.0342)

CSRCommittee 1.141*** 1.138*** 1.145*** 8.814*** 8.782*** 8.840*** 5.635*** 5.608*** 5.655***

(0.0664) (0.0664) (0.0664) (0.286) (0.285) (0.286) (0.209) (0.209) (0.210)

ERRI �1.090*** �1.102*** �1.055*** �2.745*** �2.857*** �2.478*** �0.793 �0.873* �0.388

(0.140) (0.140) (0.140) (0.688) (0.689) (0.689) (0.497) (0.497) (0.501)

EPI 0.0994*** 0.101*** 0.0986*** 0.536*** 0.549*** 0.527*** 0.202*** 0.216*** 0.188***

(0.0118) (0.0118) (0.0118) (0.0581) (0.0582) (0.0583) (0.0419) (0.0420) (0.0424)

EU 0.885*** 0.856*** 0.925*** 5.710*** 5.512*** 6.077*** 2.859*** 2.605*** 3.491***

(0.215) (0.215) (0.215) �1.065 �1.067 �1.067 (0.768) (0.770) (0.776)

Covid 1.932*** 1.931*** 1.964*** 2.756*** 2.773*** 3.003*** 2.036*** 2.089*** 2.421***

(0.0586) (0.0585) (0.0583) (0.228) (0.227) (0.227) (0.168) (0.167) (0.168)

Industry yes yes yes yes yes yes yes yes yes

Country yes yes yes yes yes yes yes yes yes

Year yes yes yes yes yes yes yes yes yes

Log Likelihood �19,508.86 �19,500.93 �19,520.33 �88,916.51 �88,908.07 �88,969.42 �81,848.34 �81,859.92 �82,046.20

p-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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when female board representation is limited to a single female direc-

tor. Likewise, the effect is greater when female board representation

accounts for between 20% and 40% of the board size than when

female directors occupy less than 20% of the board seats. Neverthe-

less, the presence of a single woman on the board has a significant

impact on climate change innovation, without the need for a critical

mass. These findings are in line with those obtained by Naveed et al.

(2022) but contradict the results obtained by Ben-Amar et al. (2017),

He and Jiang (2019), Hollindale et al. (2019), Moreno-Ureba et al.

(2022), Nube and Velte (2021) and Torchia et al. (2011),

Our findings also indicate that there is a non-linear (inverted U-

shaped) relationship between board gender diversity and climate

change innovation. Thus, boards of directors with a balanced pres-

ence of men and women have a positive but not statistically signifi-

cant effect. In addition, we found that when there are five or more

female board members, which means 46.78% of the board, climate

change innovation does not correlate with the percentage of female

directors or the statistical significance of the association between

them decreases. These results are in line with those obtained by Bir-

indelli et al. (2019), Naveed et al. (2022) and Nube and Velte (2021).

Research and practical implications

This study complements previous research on the association

between board gender diversity and eco-innovation and climate

change mitigation initiatives by focusing on those innovations aimed

at combating climate change, thereby responding to recent calls to

explore the role of board gender diversity in shaping business initia-

tives to fight against climate change (Liao et al., 2015; Le Loarne-Lem-

aire et al., 2021). We provide empirical evidence of “who” within

companies promotes innovation aimed at mitigating climate change

and “how” and “under what conditions” they do so. Additionally, we

support the need for a multi-theoretical framework that combines

different theoretical lenses to provide a better understanding of the

effect of the female board representation on environmental proactiv-

ity and, specifically, on climate change innovation.

Our results show that female board representation has a positive

impact on climate change innovation and that this impact does not

require a critical mass of female directors, although it is stronger as

the number (percentage) of female directors increases until the

threshold of five female directors (46.78% of the board members) is

reached, at which point the relationship loses strength, suggesting a

non-linear (inverted U-shaped) relationship between board gender

diversity and climate change innovation. We also show that the posi-

tive effect of female board representation is stronger for executive

female directors than for independent female directors, indicating

that female directors influence climate change innovation mainly

through the “executive power channel”, owing to their direct

involvement in management (Atif et al., 2020, p, 4357), rather than

through the monitoring and advisory roles that characterize indepen-

dent directors.

As for the practical implications of the study’s findings, they pro-

vide valuable reasons for promoting gender diversity on boards: it

favours the inclusion of climate change issues into corporate strate-

gies, which positively affects innovation in climate change mitigation.

Therefore, companies, investors and policymakers concerned about

climate change should encourage a gender-balanced board composi-

tion as well as a greater involvement of female directors in manage-

ment. At the societal level, our results show that promoting the fair

participation of women on the board of directors is not only a matter

of social justice but can also contribute to protecting the planet.

Conclusions

The fight against climate change has become a societal challenge

that requires the coordinated efforts of a variety of actors, including

companies whose investments in climate change mitigation technol-

ogies have grown in recent years (PwC, 2021). This paper responds to

recent calls to examine the role of board gender diversity in shaping

corporate responses to climate change (Le Loarne-Lemaire et al.,

2021; Liao et al., 2015) by analysing whether female board represen-

tation is associated with greater climate change innovation and

whether its effect is determined by the presence of a greater number

of independent female directors or the existence of a critical mass of

female directors.

The results obtained for a panel data of 3928 companies over the

period 2010−2020 (35,199 observations) confirm that companies

with a greater female board representation (both in number and in

percentage) are more proactive in terms of investments in innovation

for climate change mitigation. However, this positive effect does not

require a critical mass of female directors and diminishes when the

percentage of board seats held by women is higher than 46.78%, a

proportion associated with the presence of five or more female direc-

tors. Furthermore, female directors influence climate change innova-

tion mainly through their involvement in management as executive

directors, rather than through the monitoring and advisory roles that

characterize independent directors. The theoretical and practical

implications derived from this research are robust to different con-

siderations and methodological approaches.

Notwithstanding the interest and usefulness of our study, it suf-

fers from some limitations. First, the results may be subject to poten-

tial endogeneity concerns due to omitted variables that may affect

the relationship between board gender diversity and climate change

innovation. Second, the findings could be caused by reverse causality

(i.e. the possibility that female directors have self-selected proactive

companies in the fight against climate change). Finally, the results

may be affected by changing drivers of investments in climate change

mitigation innovations and technologies (e.g. environmental regula-

tion).

All these limitations should be addressed in future research. In

addition, future studies could examine the moderating impact of

some factors that usually drive environmental innovation and cli-

mate change mitigation initiatives on female directors’ influence in

this regard. Lastly, future research could consider the impact of

female directors’ background and demographic features on their

influence on climate change innovation.
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