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Abstract

This study provides comprehensive evidence on the link between boardroom diversity and reduction of carbon emissions.
Analyzing data from a sample of 344 UK-listed non-financial and unregulated firms over the period from 2005 to 2021,
our findings indicate that task-oriented (i.e., tenure) and structural (i.e., insider/outsider) board diversity are important for
reducing corporate carbon emissions while relational diversity does not appear to be useful. Furthermore, the study explores
the role of external carbon governance, such as the Paris Agreement, on firms with weaker internal governance structures.
The findings reveal that external governance plays a critical role in curbing emissions when internal governance is not effec-
tive. Overall, our research offers valuable insights for management and regulatory bodies on the interplay between various
governance mechanisms internal and external to a firm. This knowledge could guide them in determining the right mix and
degree of diversity in the boardroom to achieve environmental goals.
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Introduction

The steep rise in global temperatures in recent decades cor-
relates with a surge in carbon emissions, a major contribut-
ing factor to climate change. Since pre-industrial times, there
has been a significant increase in global average tempera-
tures, exceeding 1 °C. This highlights an urgent need for
countries to establish and meet carbon reduction targets to
achieve net-zero emissions. Notably, there is a link between
a nation’s carbon emissions and its standard of living, with
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the top emitters being China, the United States, and the
European Union (Ritchie et al., 2020). In response to the
climate change impacts, world leaders convened at the UN
Climate Change Conference (COP21) in Paris on December
12,2015, and agreed on a legally binding international treaty
to set long-term goals for mitigating climate change.!
Against this backdrop, research has increasingly focused
on understanding the determinants and impacts of carbon
emissions at the firm level.? This study adds to the body
of literature that focuses on the determinants of carbon

! The Paris Agreement set the goals to substantially reduce global
greenhouse gas emissions to limit the global temperature increase in
this century to 2 °C while pursuing efforts to limit the increase even
further to 1.5 °C. A consensus was made to review countries’ com-
mitment every five years and support developing countries to mitigate
climate change, strengthen resilience, and enhance abilities to adapt
to climate impacts. See, https://www.un.org/en/climatechange/paris-
agreement.

2 Prior studies investigated the board-level characteristics such as
independence, women on boards, skilled boards, ESG-based pay
(Haque, 2017; Kreuzer & Priberny, 2022; Kyaw et al., 2022), CEO
characteristics such as CEO risk-aversion and gender (Homroy, 2023;
Hossain et al., 2023), firm-level economic policy uncertainty (Ben-
lemlih & Yavas, 2023) carbon disclosure level (Qian & Schaltegger,
2017), firm characteristics such as size, market capitalization, profita-
bility, cash holdings, institutional ownership (Alam et al., 2022; Azar
et al., 2021; Prado-Lorenzo et al., 2009) as determinants of corporate
carbon performance.
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emissions for several reasons. Since carbon emissions are
largely the result of using fossil fuels, firms reliant on these
energy sources face multiple risks such as fossil-fuel energy
prices and commodity price risk, higher technology risk,
carbon pricing risk, and other regulatory interventions
(Bolton & Kacperczyk, 2021) which may affect firm perfor-
mance (Aswani et al., 2023; Kabir et al., 2021; Monasterolo
& De Angelis, 2020; Zhang & Zhao, 2022). The understand-
ing that carbon emissions have material implications for a
company’s financial performance is widely accepted, estab-
lishing a key area of research. However, the pressing issue
of climate change demands that attention now turns towards
developing and applying effective strategies to reduce these
emissions.” Firms are increasingly being held accountable
to achieve carbon neutrality, necessitating the identification
and implementation of strategies that will lead to net-zero
emissions. This involves commitment to reducing abso-
lute carbon emissions level and their intensity. Our study,
employing an integrated agency and resource-dependence
perspective (Hillman & Dalziel, 2003), aims to investigate
whether and which board-level diversity are influential in
mitigating corporate carbon emissions.

The examination of the association between board compo-
sition and the carbon emissions of a firm is scarce* (Haque,
2017). Addressing this gap, the current study makes signifi-
cant empirical contributions and policy implications. First,
it critiques existing literature that simplistically equates the
presence of a single board characteristic, like the percentage

3 We study carbon emissions which is a specific indicator of corpo-
rate environmental performance or CSR. This strand of CSR litera-
ture is non-trivial, but it is difficult to gauge which aspect of CSR
is financially material or value-relevant. Since the capital market is
concerned about value-relevant information or material CSR per-
formance, we cannot isolate the truly material aspect of CSR if we
use the overall CSR as our variable of interest. Carbon emissions
as shown by prior studies such as Bolton and Kacperczyk (2021)
involve carbon-related regulator and physical risks that require firms
to pay the carbon premium required by shareholders. Thus, our study
focuses on such financially material aspects of CSR on which both
shareholders and stakeholders have high concerns.

* In the existing literature, the role of board diversity is linked with
financial performance (Ali et al., 2021; Harjoto et al., 2018; Janahi
et al., 2022) or non-financial (or CSR) performance (Beji et al., 2021;
de Villiers et al., 2011; Dodd et al., 2022). The latter strand of litera-
ture considers the overall CSR performance in general. On the other
hand, Hillman (2015) raises important empirical questions regard-
ing the impact of different types of diversity on boardroom decisions
and behaviors. These include inquiries about whether various forms
of diversity can act as substitutes for each other and whether gender
diversity, for instance, offers more benefits compared to other types.
Despite the importance of these questions, there is an indication that
they have not been comprehensively addressed by previous research,
leaving a gap in understanding the full effects of boardroom diversity
on corporate governance and performance.
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of women, with board diversity. This study argues that such an
approach does not capture the true essence of board heteroge-
neity. Instead, it adopts a more nuanced understanding, using
the Blau index and the coefficient of variation as metrics to
measure the board diversity, focusing on the varied attributes
of directors. By doing so, it aims to provide a more accurate
assessment of the impact of board diversity on carbon emis-
sions. We draw upon relevant theoretical frameworks: inte-
grated agency theory and resource-dependence theory (Hill-
man & Dalziel, 2003). As the main corporate governance
mechanism (Hoang et al., 2018), board of directors’ moni-
toring (fiduciary) role of the board improves internal control
or governance system, thereby reducing internal and external
agency costs (Michelon et al., 2015). Additionally, the diver-
sity of the board is seen as a valuable resource (Hoang et al.,
2018; Pfeffer & Salancik, 1978) because it contributes to the
board’s capital—both human and relational—which aids in
its advisory capacity including providing advice and coun-
sel, maintaining legitimacy, facilitating communications, and
offering tangible resources, thus, increasing the board effec-
tiveness (Hillman & Dalziel, 2003). By integrating agency
theory with resource-dependence theory, the study advocates
for board compositions that leverage diverse-board capital to
positively influence both monitoring and advisory functions of
the board. The proposition is that a well-diversified board will
effectively reduce corporate carbon emissions.

Secondly, the study delineates which measures of board
diversity are most effective in reducing carbon emissions.
This we show by examining the multiple diversity measures
in the same equation to understand how different forms of
diversity influence firm behavior on carbon emissions. This
comprehensive approach also addresses potential endogene-
ity issues seen in previous studies, which may have selec-
tively used measures that support their hypotheses—a prac-
tice known as cherry-picking. Such selective analysis can
lead to results that are not robust or convincing and could
provide inconsistencies in the literature. By examining a
more complete set of board diversity measures, the current
study provides more reliable results, offering guidance for
policymakers and management on which forms of board
diversity are most beneficial in the context of carbon emis-
sions reduction.

Thirdly, for a better understanding of boardroom diver-
sity, in line with Adams et al. (2015), we segment board
diversity in the form of relational, task-oriented, and struc-
tural diversity. Relational diversity of directors relates to
personal characteristics such as age, gender, and nation-
ality which contribute mainly to building interpersonal
relationships. Task-oriented diversity of directors relates
to job-related characteristics such as education and tenure
that distinguish directors’ functional capabilities. Structural
diversity of directors such as insider/outsidership relates to
the role of directors in the group structure. This detailed
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breakdown allows for a more targeted understanding of
board diversity’s various aspects. Consequently, it empow-
ers policymakers and management to prioritize the specific
type of diversity that aligns with their strategic goals.

Moreover, we provide evidence regarding how different
attributes of internal corporate governance (board diversity
measures) interact with external corporate governance (Paris
Agreement), building upon the study by Weir et al. (2002)
who suggested the possibility of substitutionary nature of
the bundle of governance mechanisms. The current study
extends this understanding by examining whether various
governance mechanisms complement or substitute each other
in the context of reducing carbon emissions. In doing so,
we disentangle a complex array of governance mechanisms
(Oh et al., 2018) that operate both within and beyond the
firm’s internal environment. This analysis can provide
deeper insights into how internal governance structures
can be effectively aligned with external environmental
commitments, or vice-versa, to optimize carbon reduction
efforts.

The study covers an extensive dataset spanning 17 years,
from 2005 to 2021, and includes 344 firms listed in the Lon-
don Stock Exchange. Empirically, we use a Pooled Ordinary
Least Squares (OLS) regression model to investigate the link
between various types of boardroom diversity and corporate
carbon emissions, while controlling for firm-specific char-
acteristics. Additionally, it incorporates industry, year, and
industry-year fixed effects to control for both time-specific
trends and industry-related factors that could vary over time
or be consistent throughout.? The findings reveal a mixed rela-
tionship between boardroom diversity and carbon emissions
among sampled firms. Specifically, we find that task-oriented
and structural board diversities are necessary to reduce the
corporate carbon emissions in general while relational board
diversity may not be effective. Our main results are persis-
tent through various tests for endogeneity and robustness,
including Instrumental Variable-Two Stages Least Squares
(IV-2SLS), the Heckman selection model, and through adjust-
ments in the model specification, variable measures, and sam-
ple inclusion/exclusion. Further, we test the role of external
carbon governance when internal governance is not strong. In
a Difference-in-Difference (DID) analysis, the study uncov-
ers that companies with less diverse boards prior to the Paris
Agreement have made significant strides in reducing carbon
emissions following the Agreement. This effect is notably

5 Since our board-level data are less varied over the years, firm fixed
effect specification is not relevant to our data but the inclusion of
industry-year fixed effects may account for economy wide changes
across industries/sectors. For example, carbon and energy-related ini-
tiatives are increasingly and frequently being adopted in some sectors
more than others to improve carbon and energy use disclosure and
performance.

marked in non-relational (task-oriented and structural) diver-
sity measures, suggesting that these aspects of boardroom
diversity may act as substitutes for external governance influ-
ences in affecting carbon emissions.

In the remainder of the paper, Sect. ‘Theoretical framework
and hypotheses development’ discusses the theoretical
framework and hypotheses development. Then we report
our data sources and study design in Sect. ‘Data and study
model.” Sect. ‘Results’ presents the study results. Finally,
Sect. ‘Discussion and conclusion’ present a comprehensive
discussion including practical implications, limitations, and
future research.

Theoretical Framework and Hypotheses
Development

Theoretical Framework

This study puts forward that both agency theory and
resource-dependence theory are crucial and complemen-
tary theoretical frameworks when examining the relationship
between boardroom diversity and corporate social respon-
sibility (CSR). Agency theory emphasizes the importance
of incentives in enhancing board effectiveness but does not
fully address the diversity of board members’ abilities in
monitoring activities. Conversely, resource-dependence
theory highlights the value of board capital—such as skills
and knowledge—without adequately considering how
incentives influence the provision of resources and behav-
ior within firms (Hillman & Dalziel, 2003). Following the
works of Dodd et al. (2022) and Haque (2017), our study
draws on both these theoretical perspectives. Hillman and
Dalziel (2003) have integrated these theories, arguing that
board capital impacts not only the monitoring capabilities of
the board but also its ability to provide valuable resources.
The current study adopts this integrated approach to offer a
more comprehensive analysis of how boardroom diversity
influences a firm’s CSR initiatives.

Pfeffer and Salancik (1978)’s resource-dependence the-
ory suggests that boards serve to link the firm with external
entities, helping to manage environmental dependencies.
Directors contribute by providing four benefits to the organi-
zation: (i) information in the form of advice and counsel,
(ii) creation of communication channels between the firm
and its external environment; (iii) commitments of support
from important organizations in the external environment;
and (iv) legitimacy. Directors’ diverse identities and back-
grounds bring essential human and social capital to the firm,
enriching it with a variety of skills, expertise, and connec-
tions (Pfeffer & Salancik, 1978). This diversity in human
and social capital facilitates the firm’s access to resources,
networks, advice, and legitimacy (Haque, 2017; Mallin &
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Michelon, 2011). Consequently, board composition signifi-
cantly affects board effectiveness. A diversified board struc-
ture plays a crucial role in advising management on strategy
design and implementation, known as the resource provision
function (Hillman et al., 2008).

The study proposes that resource-dependence theory
illuminates the connection between a board’s heterogene-
ous abilities and its monitoring role. A board composed of
diverse members can be viewed as the ultimate outsider, as
it benefits from increased independence and brings varied
backgrounds and non-traditional characteristics to the table
(Carter et al., 2003). Such diversity helps to mitigate issues
like cohort mentality and ‘groupthink’ (Li & Wabhid, 2018),
promoting a more independent and critical approach to deci-
sion making. Moreover, diverse boards are better equipped
in their monitoring function due to the effective distribution
of tasks (Kyere & Ausloos, 2021) and a better understanding
and execution of appropriate courses of action (Hillman &
Dalziel, 2003). This diversity strengthens the board’s asser-
tiveness in upholding internal controls and governance sys-
tems, thereby reducing both internal and external agency
costs (Michelon et al., 2015). An integrated approach that
combines agency and resource-dependence theories suggests
that the elements of board capital, which are instrumental
for providing resources, simultaneously enhance the board’s
monitoring capabilities (Hillman & Dalziel, 2003). This
perspective underscores the dual benefit of board diversity,
serving both as a resource and as a means to improve fiduci-
ary oversight.

Hypothesis Development

Below we review relevant literature on boardroom
diversity and corporate carbon emissions to formulate three
hypotheses that will be tested.

Relational Board Diversity and Carbon Emissions

Prior studies show a mixed association between relational board
diversity and firm performance, including the CSR, which
seems to be both positive (Beji et al., 2021; Janahi et al., 2022)
and insignificant or even negative (Arnaboldi et al., 2020; Kat-
mon et al., 2019). When it comes to research specifically exam-
ining carbon emissions, there is a dearth of studies, which have
a particular focus on the gender diversity (Kyaw et al., 2022;
Nuber & Velte, 2021). For instance, Kyaw et al. (2022) dem-
onstrated that boards with gender diversity in U.S. firms tend to
reduce environmental emissions by 9% more than their industry
counterparts. Nuber and Velte (2021) found that a higher pres-
ence of female directors on European STOXX600 non-financial
firms’ boards relates with lower carbon intensity. Research on
the impact of national diversity on carbon emissions also yields
inconclusive results. Elleuch Lahyani (2022) and Mardini and
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Elleuch Lahyani (2022) found that nationality diversity posi-
tively associates with carbon disclosure in French non-financial
firms. On the contrary, Valls Martinez et al. (2022) found that
national cultural diversity on the boards of MSCI listed Euro-
pean firms leads to higher carbon emissions. Authors argue that
directors different from the country headquarter might be less
interested than local ones in protecting the environment, poten-
tially leading to interpersonal conflicts within the board.
However, these studies often measure diversity solely based
on the proportion of women or nationality on boards, which
does not fully explore the effects of board diversity per se.
There is clearly room for further research to explore these
dynamics more deeply and to understand the direct effects
of different types of diversity on carbon emissions.

Given the existing literature and the theoretical frame-
work that suggests varied perspectives from directors of
diverse ages, genders, and nationalities can enhance board
capital, which is beneficial for reducing corporate carbon
emissions, the first hypothesis is proposed as follows:

H1 Relational board diversity is negatively associated with
carbon emissions.

Task-Oriented Board Diversity and Carbon Emissions

Existing studies investigating the relationship between task-
oriented board diversity measures and firm financial perfor-
mance generally indicate positive results (Arnaboldi et al.,
2020; Harjoto et al., 2018; Ji et al., 2021). The relationship
also seems to be consistent with CSR performance (Ben
Selma et al., 2022; Katmon et al., 2019). However, there are
instances where the relationship between educational and
functional backgrounds and CSR is reported to be negative
or insignificant (Aladwey et al., 2022; Khan et al., 2019).
When it comes to the specific relationship between task-
oriented board diversity and carbon emissions, fewer studies
are found. Al-Qahtani and Elgharbawy (2020) who investi-
gated the sample of FTSE350 UK firms associated with CDP
and found that the diversity of financial expertise of directors
negatively influences the GHG disclosure while board tenure
has no significant effect. Aliani (2023) studying the best 100
citizen companies in the Russel 1000 index found that direc-
tors’ functional background (skills diversity) is positively
and significantly related to emission score, indicating an
improvement in carbon performance. The limitations noted
in these studies include a narrow focus on specific time peri-
ods and samples, which may not provide a comprehensive
understanding of the relationship. Moreover, there is a lack
of clarity on whether task-oriented diversity consistently
relates to specific carbon emissions metrics, as previous
research primarily concentrated on carbon disclosure and
overall emission scores, rather than actual emission levels
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and intensities. This gap suggests a need for further investi-
gation into how task-oriented board diversity impacts these
more detailed aspects of a firm’s carbon footprint.

Considering the previous research and our theoreti-
cal framework, which posit that diverse perspectives from
directors with varied educational backgrounds and tenure
enhance board capital and thereby aid in reducing corporate
carbon emissions, we articulate our second hypothesis as
follows:

H2 Task-oriented board diversity is negatively associated
with carbon emissions.

Structural Board Diversity and Carbon Emissions

Studies generally show a positive relationship of structural board
diversity measures on CSR performance (Beji et al., 2021; de
Villiers et al., 2011; Fernandes et al., 2019). Haque (2017) and
Liao et al. (2015) specifically examined the association between
board independence and carbon emissions of UK firms, finding
a positive association between board independence and both
GHG emission reduction initiatives or GHG disclosure of firms.
In this line, Elleuch Lahyani (2022) looked into the French listed
non-financial firms that responded to CDP questionnaires and
found that firms with more independence boards tend to dis-
close more carbon emissions information. Homroy and Slechten
(2019) also assessed the sample of the FTSE350 UK firms and
found that non-executive directors can reduce GHG emissions
through two channels of resource provision, i.e., previous expe-
rience and network connections. On the other hand, a study by
Narsa Goud (2022) involving Indian listed non-financial firms
indicated that board independence might lead to an increase in
carbon emission of firms. We note that there is a lack of clarity
on whether structural diversity per se, as measured by structural
heterogeneity, consistently relates to specific carbon emissions
metrics, as previous research primarily concentrated on the pro-
portion of independent and non-executive directors.

In light of the previous research and the theoretical founda-
tion that posits diverse perspectives from directors with vari-
ous roles within the group structure enhance board capital,
which in turn should be conducive to reducing corporate car-
bon emissions, the third hypothesis is formulated as follows:

H3 Structural board diversity is negatively associated with
carbon emissions.

Data and Study Model
Sample

The study utilizes a comprehensive unbalanced panel data
set that spans 17 years, from 2005 to 2021,° focusing on
UK-incorporated firms listed on the London Stock Exchange.
The inclusion criteria for the firms in the study are based on
the availability of carbon emissions data, which is sourced
from the Refinitiv ASSET4 database available via Refinitiv
Eikon. Boardroom diversity information is obtained from
BroadEx, while financial data is drawn from S&P Capital
IQ. The study’s sample was refined by matching data from
these different databases, and by excluding firms from the
financial and utilities sectors, as these industries are often
subject to different regulatory and operational dynamics
that could skew the results. Observations missing baseline
variable data were also omitted. After these exclusions,
the final sample for analysis includes 2657 firm-year
observations across 344 different firms.

Main Variables

In this study, the primary variable of interest is corporate
carbon emissions, specifically the greenhouse gases (GHG)
emitted by firms annually. GHG emissions include a vari-
ety of gases such as carbon dioxide (CO2), methane (CH4),
nitrous oxide (N20), hydrofluorocarbons (HFCs), and sulfur
hexafluoride (SF6), all of which contribute to global warm-
ing by absorbing and emitting radiant energy. To measure
these emissions, the study adopts the standard metric of
‘carbon dioxide-equivalents’ (CO2e), which accounts for
CO2 emissions and the warming impacts of other GHGs
combined (Ritchie et al., 2020). Prior studies generally used
the natural logarithm of total CO, equivalents emissions in
tons (Haque, 2017; Muttakin et al., 2022; Valls Martinez
et al., 2022) as a measure for carbon performance. However,
since absolute emissions tend to correlate strongly with the
size and performance of a firm, using emission intensity is
a better way to measure a firm’s carbon footprint (Aswani
et al., 2023). Thus, we also use carbon emissions intensity,
as the total CO, equivalents emissions in tons divided by
total sales revenue in million (USD), as our second measure

6 Panel data enables us to incorporate variation in diversity and
emissions data across both entities and time periods. As a result, we
can account for factors that might impact these variations over time.
Additionally, incorporating year effects in panel data helps to sepa-
rate the time trend affecting board diversity and carbon emissions.
Notably, leveraging such data allowed us to utilize lagged independ-
ent variables and capture the evolving impact of board diversity on
carbon emissions.
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of carbon performance.” To mitigate data noise resulting
from scaling absolute emissions by an output measure, the
natural logarithm of emissions intensity is used (Benlemlih
& Yavas, 2023; Downar et al., 2021; Hossain et al., 2023;
Yu et al., 2023). We do not use direct and indirect emissions
and intensities as our measures due to their strong correla-
tion with total emissions.®

For the independent variable of boardroom diversity, the
study employs three different measures: relational board
diversity, task-oriented board diversity, and structural
board diversity in alignment with the framework set forth
by with Adams et al. (2015) and as utilized in prior stud-
ies (Cumming & Leung, 2021; Harjoto et al., 2018; Ullah
et al., 2020). In line with above-referenced literature, we
use directors’ gender, age, and nationality in terms of rela-
tional boardroom diversity; directors’ tenure and education
in terms of task-oriented boardroom diversity; and directors’
outsidership (non-executive directors) in terms of structural
boardroom diversity.’ To quantify these forms of diversity,
the study uses the Blau Index for gender, nationality, and
insider/outsidership diversity. The Blau Index is calculated
as [1—Y (Pi2)], where P is the proportion of each member
in each of the i number of categories. The range of the index
is dependent on the number of categories, where the lower
limit is O and upper limit is (i — 1)/i (Miller & Del Carmen
Triana, 2009). Therefore, Blau index for two categories can
range from O when there is perfect homogeneity (e.g., either
male or female directors on a board) to 0.50 when there is
perfect heterogeneity or diversified group (e.g., equal rep-
resentation of both male and female directors on a board).
This way, Blau index transforms the categorical variable into
continuous variable. The Blau Index is an appropriate meas-
ure for this study for two main reasons. First, it effectively
measures categorical heterogeneity, which is relevant since
gender, nationality, and outsidership are categorical vari-
ables in the study. The conversion of categorical variables
into continuous variables enhances the comprehension of
diversity across a spectrum. Second, employing the Blau
index aligns with our assertion that heterogeneous groups
contribute valuable resources and diverse perspectives to
boards, thereby enriching board capital, which may not be

7 The UK carbon reporting regulations require to use the robust and
accepted methods for calculating emissions. GHG emissions per rev-
enue amount is the widely use intensity metric, also recommended by
GHG Reporting Protocol or Defra Reporting Guidelines.

8 We thank the reviewer for noticing this case in our early data which
persists with updated data.

 We found that board independence is highly correlated with direc-
tors’ outsidership, we choose to use the latter as the measure of struc-
tural diversity. The recent trend in the UK boards also shows a greater
emphasis on non-executive directors’ representation that might have
empirical implications (Young, 2000).
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attained if a board is homogeneous.'? Therefore, we are
inclined to employing diversity proxies that emphasize het-
erogeneity, and the Blau Index stands as a common measure
utilized in board diversity literature (Ben Selma et al., 2022;
Harjoto et al., 2018; Miller & Del Carmen Triana, 2009; van
den Oever & Beerens, 2021).

Additionally, for the continuous attributes of board diver-
sity, such as directors’ age, tenure, and education, the study
applies the coefficient of variation as a measure of diver-
sity, as the Blau Index is unsuitable for continuous data. The
coefficient of variation is calculated as the ratio of standard
deviation of each measure to the mean of each (Aggarwal
et al., 2019; Arnaboldi et al., 2020; Janahi et al., 2022).
A higher value indicates greater variability relative to the
mean, while lower value suggests more consistency. Indeed,
the coefficient of variation’s advantage lies in its emphasis
on the relative variation of a variable rather than its abso-
lute magnitude. Given that the diversity measures can have
varying ranges, the study standardizes each index or value to
ensure they all have a mean of zero and a standard deviation
of one. The standardized measures are then utilized in the
regression analysis to determine their relationship with the
dependent variable of interest. This standardization process
facilitates comparison and integration within the regression
models.

To account for firm-specific characteristics that might
drive the carbon performance, we include a set of control
variables such as firm size, firm age, leverage, profitability,
sales growth, price volatility, and cashflow. We control firm
size as larger firms are likely to have positive association
with performance in terms of emissions per unit of output,
largely due to economies of scale benefits. We control firm
leverage because high-leveraged firms might have constraint
in lowering the carbon emissions (Alam et al., 2022). The
capability of growth and profitable firms to invest in carbon
reduction measures is also accounted for. Firms’ price vola-
tility and cash availability are associated with carbon prices
and emissions (Alam et al., 2022; Ibrahim & Kalaitzoglou,
2016); thus, we control these variables. Finally, corporate
governance aspects such as board size and institutional own-
ership are controlled for. A larger board may indicate greater
diversity and a stronger orientation towards CSR (Beji et al.,
2021), while institutional ownership is linked to carbon per-
formance due to the risks associated with carbon (Bolton
& Kacperczyk, 2021). All variables are defined in Table 1.

10 1f a board is homogenous there is a dominant view or ‘group
think’ which may reduce board effectiveness. So, the use of per-
centage or proportion of measures such as female or foreign direc-
tors does not reflect the underlying diversity definition, but rather
one aspect of board composition. Further, our theoretical framework
assumes the importance of directors’ heterogeneity for board effec-
tiveness due to increased board capital in heterogeneous boards.
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Empirical Model

To empirically examine the proposed hypotheses (H1,
H2, and H3) that investigate the link between boardroom
diversity and carbon emissions, the study employs the
Pooled Ordinary Least Squares (OLS) regression method
to test the model shown in Eq. (1):

CarbonEmissions;, =a + f; X BoardroomDiversity;,_,
+ f, X Z Controlsi’t_1 +6+eg;,.
ey
In the specified model, carbon emissions, as measured
by the natural logarithms of absolute total CO2 equivalent
emissions and total CO2 equivalent emissions divided by
total revenues, of a firm 7 in the year ¢ is a function of vari-
ous forms of boardroom diversity. These include relational
diversity (gender, age and nationality), task-related diversity
(education and tenure), and structural diversity (insider/out-
sider directors). We include a set of control variables that
potentially affect the carbon emissions and boardroom diver-
sity of firms. To address potential endogeneity issues, as
often done in CSR-FP research, all independent variables
are lagged by one year (Shahgholian, 2019). The model also
includes multiple fixed effects, denoted by the symbol §, to
account for unobserved heterogeneity. Yearly fixed effects
adjust for time trends, while industry (GICS two-digits)
fixed effects control for emissions differences attributable to
industry characteristics. Further, industry-year fixed effects
are employed to capture regulatory and economic changes
that affect industries differently over time; thus, simultane-
ously controlling for industry-specific and temporal influ-
ences on board diversity and carbon performance. Finally,
to correct for any correlation of residuals within firms and
across industries, the model applies double-clustering of
standard errors at both the firm and industry levels.'!

Results
Descriptive Statistics

Table 2 summarizes the variables used in the study. The
emissions are presented in both absolute and relative (scaled
by sales revenue) terms and in log levels. Absolute and rela-
tive measures have a mean (standard deviation) of 10.675
(2.656) and 3.31 (1.749), respectively. The minimum value
of Intotalintensity is —4.609, this does not mean that the
emissions value of a firm is negative, but it indicates that

1 We also single cluster the standard errors at the firm, industry, and
year level and find similar results in general.

carbon emissions value is 0.00996 times its revenue (i.e.,
499 =0.00996). For board diversity measures, the Blau
Index is used to quantify gender, nationality, and executive/
non-executive directors’ diversity. This index can range
from O (indicating no diversity) to 0.5 (indicating a balanced
diversity),'? with the data showing average Blau indices of
0.302 for gender and 0.264 for nationality, suggesting rela-
tively low diversity in these areas. Executive/non-executive
directors’ diversity is higher, with an average Blau Index
of 0.404. Additionally, the mean diversity within boards in
terms of age, education, and tenure, measured by the coef-
ficient of variation, is presented. The data indicates that age
diversity is less heterogeneous (mean of 0.12) compared to
education (mean of 0.551) and tenure (mean of 0.2), sug-
gesting a narrower range of ages but a wider variety of edu-
cational backgrounds and tenure among board members.

Table 3 reports correlation coefficients between the vari-
ables used. It shows a strong positive correlation of 0.7703
between the two dependent variables: total CO2 emissions
and total emissions intensity (emissions scaled by sales rev-
enue). This high correlation indicates that firms with higher
absolute emissions also tend to have higher emissions rela-
tive to their revenue. The correlation coefficients suggest
that age, education, and executive/non-executive directors’
diversity are significantly negative with the absolute carbon
emissions while gender, education, and non-executive direc-
tors’ diversity are significantly negative with the relative car-
bon emissions. Educational diversity has significantly nega-
tive correlation with both carbon emissions measures while
tenure is insignificant. These initial correlations provide an
indication that board diversity is linked to carbon emissions,
but they also suggest that the nature of the relationship may
vary depending on the type of diversity.

The variables used in the study exhibit correlation
coefficients lower than 0.65. This level suggests that
multicollinearity, a statistical phenomenon where predictor
variables in a regression model are highly correlated, may
not be a serious concern. We also tested the Variance
Inflation Factor (VIF) to ensure the absence of any
multicollinearity issue. The VIFs for the variables in this
study are all below 2.66, which is well within the acceptable
range, providing further confirmation that multicollinearity
is not a problem.

12 The UK CG code 2010 requires FTSE350 (below the FTSE350)
firms to have at least half (two) of the board comprised of non-exec-
utive directors determined by the board to be independent. The mini-
mum value of zero for NED diversity does not mean that the board
has no non-executive directors, but it is the case of fully non-execu-
tive directors on the board. Our manual data check further confirms it
as sampled firms on average have about 70% non-executive directors
which range between 14 and 100%. We thank the reviewer for further
encouraging us to check and interpret data.
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Regression Results

Table 4 presents baseline regression results, including
different forms of boardroom diversity measures. The
first six models examine three distinct forms of boardroom
diversity separately, while the final two models, as
our main models, consider comprehensive diversity,
incorporating all forms of boardroom diversity measures. '?
The results in both separate and main models reveal that
tenure and executive/non-executives directors’ diversity
are significant and negatively associated with carbon
emissions. Further these measures show a consistent
relation across different models and both measures
of carbon emissions. In contrast, age and nationality
diversity are generally positively related to emissions
intensity measure. The overall interpretation of these
results suggests that task-related and structural forms of
boardroom diversity tend to have a negative impact on
carbon emissions, meaning that greater diversity in these
areas is associated with lower emissions. In contrast,
relational diversity attributes do not appear to have a
beneficial effect on carbon emissions. This indicates that
while some types of boardroom diversity contribute to
lowering emissions, others may not be as effective or may
even be associated with higher emissions.

Endogeneity

Our baseline results could be affected by endogeneity issues.
First, the endogeneity may come from endogenous nature
of our board diversity measures that might be correlated
with error terms. Second, these measures may be determined
endogenously by firm-related characteristics, thus, prevail-
ing a self-selection issue. Third, omitted variables bias
may question the validity of baseline results. We employ
several endogeneity tests to deal with these issues. Using
IV-2SLS model, we aimed at isolating the exogenous varia-
tion of boardroom diversity that impacts carbon emissions.
A proper instrument should directly affect board diversity
measures but not the firm-level carbon emissions. We use
two instruments, cohort firms’ board diversity level and fur-
ther lagged values of each diversity measure. We use other
firms’ 2-digit zip code assignment to find a focal firm’s
cohort group and their board diversity. The rationale is that
the firm’s board diversity is influenced by a time-invariant
component that is associated with its geographical location.
Empirically, Jiraporn et al. (2014) shows evidence that a

13 We thank the reviewer for suggesting us to use the model includ-
ing comprehensive measures as the main model to interpret and draw
conclusions. We use the comprehensive models in the subsequent
tests of the study.
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firm’s CSR policy is significantly influenced by the CSR
policies of firms in the same location. Similar instruments
are also used in prior studies (Talavera et al., 2018; Tan-
thanongsakkun et al., 2023). Moreover, the lagged value as
the instrument is used in several studies (Alam et al., 2022;
Cui et al., 2018; Nekhili et al., 2018) because it is likely to
be exogenous to the contemporaneous boardroom diversity
measure (Wintoki et al., 2012). Past levels of board diver-
sity are used to predict current levels under the assumption
that firms with a history of higher diversity will continue to
maintain it to uphold their legitimacy and avoid reputational
damage, as per legitimacy theory. On the other hand, these
instruments are less likely to influence the dependent vari-
able directly but through the independent variable.

In Table 5, Models 1-6 provide first-stage regression
results supporting the validity of the chosen instrumental
variables: cohort firms’ board diversity and further lagged
values of board diversity measures. These instruments are
generally found to be significantly and positively associated
with various forms of board diversity measures, suggest-
ing that they are relevant instruments. Models 7-8 further
reinforce the strength of the instruments, as indicated by the
‘Cragg-Donald Wald F statistic’ being above the commonly
accepted threshold of 10. In the presence of heteroskedas-
ticity, the traditional Cragg-Donald-based F-statistic is not
valid, so we also report Kleibergen-Paap Walk rk F-statistic.
These tests suggest that the instruments are not weak, mean-
ing they provide a reliable source of exogenous variation
for the endogenous predictors. The second-stage regression
results from Models 7-8 are consistent with the baseline
results, implying that the instrumental variable approach
does not alter the main findings of the study.

The study addresses the self-selection issue, which arises
if certain types of firms are more likely to choose board
diversity. For example, larger firms or those under greater
social scrutiny, as well as more profitable firms, might be
more inclined to diversify their boards (Arnaboldi et al.,
2020). To deal with this, we employ a Heckman selection
two-step model where the first step involves predicting the
likelihood of a firm having above sample median board
diversity. For this, first we create selection variable board
diversity which is the indicator variable indicating one if
a firm has above sample median board diversity in at least
one of the six boardroom diversity measures, and zero
otherwise. We use baseline variables and industry and year
fixed effects for the selection equation. Further, a dummy
variable, ‘policy for diversity and opportunity’ is included
to satisfy exclusion restriction requirement. This variable
is based on the expectation that firms with such policies
are more likely to exhibit higher levels of diversity across
the firm, including the boardroom. The first-stage results
in Table 6 provide evidence to support our assumption that
boardroom diversity is significantly related to the policy
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for diversity and opportunity. Then, we used the predicted
lambda (inverse Mills ratio) in the second-stage Heckman
model; however, the insignificant lambda indicates that the
self-selection bias may not be a serious problem in the study.
Nevertheless, our results are similar to the main results even
after using the sample correction model.

Our data may have an issue of omitted variables bias.
To address this, prior research has often utilized firm fixed
effects, which control for unobserved time-invariant charac-
teristics of firms. However, we note that our board diversity
variables exhibit limited variation over time. Consequently,
employing firm fixed effects could potentially bias their
results due to this low within-firm variation (Homroy &
Slechten, 2019). To account for omitted variables, we fur-
ther include several variables that might affect our dependent
variable in baseline models. First, we include crises dum-
mies for financial crisis and Covid-19 years in which carbon
emissions emitted by firms should be reduced due to less
economic or industrial activities. Second, we include UK
carbon reporting regulation'* and Paris Agreement dum-
mies. Table 7 presents regression results after accounting
for these omitted variables. The presence of these controls
in the regression models helps to affirm the robustness of
the study’s main findings, indicating that the relationship
between board diversity and carbon emissions remains even
when considering major economic disruptions and regula-
tory changes.

Robustness Tests

In this sub-section, we perform further tests for the
robustness of our main results. First, we account for the issue
of a cross-sectional dependence across firms in panel data
due to possible correlations of unobserved factors across
firms. We use Fama—MacBeth approach for correcting a
cross-sectional correlation. This method requires two-step
procedure in which first we run cross-sectional regressions
for each year to capture the time-specific effects and avoid
the issue of cross-sectional dependence. We then obtain
coefficients by averaging across yearly estimates. The results
presented in Table 8 show a result consistent to our main
results.

14 The Companies Act 2006 (Strategic Report and Directors Report)
Regulations 2013 required all UK-quoted companies to report their
annual greenhouse gas emissions in their Directors Report. The part
7 of the Regulations 2013 includes the disclosures concerning green-
house gas emissions for quoted UK companies by which companies
must state ‘tonne of carbon dioxide equivalent’ with at least one ratio
expressed in relation to a quantifiable factor associated with the com-
pany’s activities. See, the full Regulations 2013 The Companies Act
2006 (Strategic Report and Directors’ Report) Regulations 2013 (leg-
islation.gov.uk).

Second, we employ alternative measures of carbon per-
formance where we use the carbon emissions scaled by
total assets and total CO2e emissions reported to Carbon
Disclosure Project.!> The total assets as a scale considers
the total book value of assets owned by firms that has an
economic value. This standardization is consistent with prior
studies (Kabir et al., 2021; Zhang & Zhao, 2022). Further,
we consider the CO2e emissions reported by firms to CDP.
CDP data are increasingly used in ESG research (Qian &
Schaltegger, 2017). CDP, using a questionnaire, collects
carbon data in a standardized and comprehensive way from
firms. Additionally, for boardroom diversity measures, we
use indicator variables (Janahi et al., 2022). The indicator
variables denote one if a firm’s board diversity is above the
mean of the sample for a given year, and zero otherwise.
Table 9 reports results using alternative measures of carbon
emissions and boardroom diversity in Panel A and B, respec-
tively. The use of these alternative measures further affirms
the potential relationship between boardroom diversity and
carbon performance in line with our main models.

Third, we employ alternative sample using exclusion
strategies. We exclude period after the UK mandatory car-
bon reporting regulation and limit our study period from
2005 to 2013 Sept.'® This exclusion limits our sample to less
stringent carbon regulation years which is likely to rule out
the possibility that nationwide carbon scrutiny is driving our
results. Furthermore, since firms participating in emissions
trading scheme (ETS) have more incentives to reduce their
carbon emissions compared to non-participating firms, we
re-run baseline models after excluding ETS firms. This helps
to ensure that the results are not confounded by the effects
of participation in this market-based approach to pollution
control. In both exclusion cases, we find our untabulated
results consistent with main results indicating the likely
effect of boardroom diversity on carbon emissions. Moreo-
ver, instead of solely focusing on educational diversity, the
study also considers the professional backgrounds of board
members. This is quantified using the Blau index which con-
siders two categories: the proportion of directors with and
without relevant industry experience and financial expertise.
Then we replace the educational diversity using the Blau
index calculated for the professional diversity. These tests
are unreported for brevity but available upon request. By
showing that the results hold across various specifications

15 We use carbon emissions reported to CDP from 2013 to 2021 due
to the CDP data availability at Refinitiv Eikon as of Sept. 2023.

16 This exclusion further rules out the influence of other regulatory
pressures such as the EU Non-Financial Reporting Directive 2014,

the Paris Agreement 2015, and Sustainable Development Goals
(SDGs) 2016.
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and checks, the study provides stronger evidence for the rela-
tionship between boardroom diversity and carbon emissions.

External Governance

The Paris Agreement set the goals to substantially reduce
global greenhouse gas emissions to limit the global tempera-
ture increase in this century to 2 °C while pursuing efforts
to limit the increase even further to 1.5 °C. A consensus was
adopted by 196 countries in December 2015 at the 21st Con-
ference of Parties (COP21) to review countries’ commitment
every five years and support developing countries to mitigate
climate change, strengthen resilience, and enhance abilities to
adapt to climate impacts. This has introduced new regulatory
costs for businesses, especially in sectors that are energy and
carbon-intensive, due to measures like carbon taxes. Overall,
the Paris Agreement largely affected the personal, social, and
market behavior and practices, steering them towards con-
tributing to its climate objectives (JakuCionyté-Skodiené &
Liobikiené, 2022; Monasterolo & De Angelis, 2020).

The Paris Agreement as an omitted variable accounted
in our earlier analysis and as reported in Table 8 indicate
a significantly negative association with corporate carbon
emissions. In additional analysis, we consider the Paris
Agreement as an external governance mechanism in
reducing carbon emissions, and an examination into
the dynamic between internal and external governance
mechanisms is undertaken. If the Paris Agreement were to
serve as an alternative to internal governance practices, a
notable decline in emissions is anticipated, particularly from
firms with less diverse boards. Weir et al. (2002) discussed
the possibility of substitutionary nature of the bundle of
governance mechanisms. To delve deeper into this empirical
question, we use the Difference-in-Differences design as in
Eq. (2) below:

CarbonEmissions; .| =
a + fy X Treated; + f, X Post, + 5 X Treated; x Post, 2)

+ fy X 2 Controls,_,t +6+¢€;,

where Post is the indicator referring to the fiscal year ending
after December 2015, which is when the Paris Agreement
was implemented.!” Similarly, we identify the artificially
treated firms based on their level of boardroom diversity,
comparing their diversity levels to the industry average

17 We consider the full sample period in the difference-in-differ-
ences model due to a small number of observations. This is due to
the discontinuity of many firms (Treat_xx) in the post-period and the
growing inclusion of newer firms in the post-period, as evident in the
database. However, results are similar if we limit the study period
to either a four or six-year window, but the latter specification will
include only 234 observations; thus, we opt for a full sample period.
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before the Paris Agreement. Then we create Treat_xx for
firm-year observations that have below industry average val-
ues in diversity measures. The rationale is that firms with
less diverse boards, which presumably have lower board
capital, emit more carbon due to their limited ability to
evaluate and implement carbon reduction strategies—a per-
spective supported by the integrated agency and resource-
dependence theory. Thus, we expect such less diverse-board
firms to benefit from the external governance. Table 10 pro-
vides evidence that less diverse boards in terms of educa-
tion and executive/non-executive directors’ diversity tend to
emit more carbon emissions in general, consistent with our
main results that task-oriented and structural board diver-
sity is significantly associated with corporate carbon emis-
sions. A significant and negative Post value underscores the
Paris Agreement’s effectiveness in reducing emissions. Our
main interest of the study is the interaction terms between
Treat_xx and Post that capture the effect of external govern-
ance when the internal governance is weak. The significant
and negative coefficients in Treat_education*Post, Treat_
tenure*Post, and Treat_ NED*Post indicate that external
governance is effective for firms that lag in task-oriented
and structural board diversity relative to their industry peers.
However, the role of external governance with respect to
relational board diversity is inconsistent which further re-
enforces the controversial effect of relational board diversity
in reducing corporate carbon emissions.

The results align with expectations that environmental
regulations or initiatives, like the Paris Agreement, are most
impactful in enhancing environmental performance or mitigat-
ing climate risks, especially where there is a lack of firm-level
sustainability efforts. Boards with limited task-related and
structural diversity, as opposed to relational diversity, are found
to be less inclined towards sustainable practices, as indicated by
our baseline results. Consequently, external governance meas-
ures, such as initiatives aimed at carbon reduction, are crucial
for improving corporate carbon performance in firms where
task-oriented and structural board diversity is not strong, due to
their ability to substitute for internal governance deficiencies.

Discussion and Conclusion

Recent shifts in corporate control mechanisms and the impact
these changes bring on the role of boards is unclear (Huson
etal., 2001; John & Senbet, 1998). In the current paper, draw-
ing upon agency theory and resource-dependence theory, we
posit that the monitoring and resource provision roles of board
capital lead to board effectiveness (Hillman & Dalziel, 2003).
Conceptually, it is plausible that board diversity increases
board effectiveness as the more diverse boards tend to be
more creative, innovative, and may consider a wide range
of alternatives when they go through the decision-making
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process (Arnaboldi et al., 2020). Additionally, board diver-
sity is thought to strengthen board independence, which in
turn can reduce information asymmetry and better align
stakeholder interests (Elleuch Lahyani, 2022; Katmon et al.,
2019). While much of the current research has concentrated
on gender diversity, there is a call for examining the impact of
other diversity aspects like nationality, culture, and education
(Hillman, 2015). Furthermore, the consideration of multiple
diversity forms not only allows us to disentangle the type of
board diversity that are most influential concerning corpo-
rate carbon emissions but also addresses the endogeneity that
plagued earlier research, which may have selectively chosen
certain measures of diversity that supported their findings, as
a cherry-picking study. An analysis of UK-listed firms span-
ning from 2005 to 2021 showed mixed findings regarding
the relationship between boardroom diversity measures and
carbon emissions. In particular, task-oriented and structural
diversity within the board were found to be essential, while
relational diversity seemed ineffective in contributing to the
reduction of corporate carbon emissions.

Our finding that the task-oriented and structural board diver-
sity may matter is consistent with board diversity and FP litera-
ture in general (Aladwey et al., 2022; Ben Selma et al., 2022;
Jietal., 2021; Long et al., 2005). The findings underscore the
significance of boardroom diversity, particularly non-relational
types, in affecting firm outcomes through the board’s monitor-
ing and advisory roles, which seems to be equally relevant on
carbon emissions as the outcome. In particular, current study
suggests that diversity in tenure and among executive/non-
executive directors can prevent director entrenchment, which
is critical for the board’s effectiveness. This benefit is largely
attributed to the board’s fiduciary, or monitoring, function.
(Li & Wahid, 2018; Long et al., 2005; Mura, 2007). Moreo-
ver, the representation of diverse tenure and insider—outsider
members on the board can mitigate the ‘groupthink’ or group
cohesiveness by promoting divergent views and ideas, thereby
enhancing creativity and innovation to problem solving—key
elements of the board’s advisory function (Cumming & Leung,
2021). The findings reinforce the reasoning behind UK corpo-
rate governance codes that aimed at improving the diversity of
skills, experience, independence, and knowledge needed on a
successful board.'®

The study also indicates that relational diversity, such as
differences in age and nationality among board members,

18 UK Corporate Governance Code 2010 for the first-time stresses on
the board diversity. The Code, in its principle of board effectiveness,
focuses that ‘the board and its committees should have the appropri-
ate balance of skills, experience, independence, and knowledge of
the company to enable them to discharge their respective duties and
responsibilities effectively,” See https://www.thegovernor.org.uk/freed
ownloads/corporategovernance/UK%20Corporate%20Governance%
20Code%20June%202010.pdf.

does not appear to aid in reducing carbon emissions and, in
fact, may have a positive association with higher emissions.
This suggests that the personal differences among directors
may not effectively contribute to the board’s monitoring and
resource provision roles in the context of managing corpo-
rate carbon emissions. Specifically, age diversity could be
linked to increased emissions because boards with a wide
age range may experience interpersonal conflicts regarding
risk, prudence, and wealth perspectives, which can impede
the board’s effectiveness (Talavera et al., 2018). Further, the
age diversity measure is less heterogenous or more time-
persistent in our data, potentially limiting the ability to fully
leverage the advantages of diverse age representation on
the board. Nationality diversity’s positive impact on carbon
emissions might stem from the increased conflict and com-
munication challenges it introduces. One plausible explana-
tion is that foreign directors might not prioritize the firm’s
carbon performance as highly as local directors, possibly
because they are not directly engaged with the local envi-
ronment where the firm operates, affecting their involve-
ment in and commitment to local environmental issues
(Valls Martinez et al., 2022). The study’s findings on gen-
der diversity diverge from previous research, which gener-
ally suggests a positive link between board gender diversity
and lower carbon emissions (Kyaw et al., 2022; Liao et al.,
2015). The discrepancy might arise from the fact that past
studies have not specifically analyzed the impact of gender
diversity itself; instead, they have measured the proportion
of women on boards, which does not accurately represent
gender heterogeneity but rather emphasizes gender homo-
geneity. The results suggest that relational diversity in the
boardroom, which encompasses interpersonal differences
among directors, may lead to conflicts that could hinder
efforts to reduce carbon emissions. Our results are robust
to endogeneity tests such as IV-2SLS, Heckman selec-
tion model, accounting for omitted variables, alternative
specification such as Fama—MacBeth regression, alternative
measures of both dependent and independent variables, and
alternative samples.

In an additional analysis, we investigate the role of the
external governance on the association between boardroom
diversity and carbon emissions. We posit that boards with
weaker internal governance (boardroom diversity) may be
benefited by external governance which we examine using
the Paris Agreement as the exogenous shock to reduce car-
bon emissions. Our results show that the Paris Agreement
is likely to reduce the corporate carbon emissions in firms
with less diverse boards, especially in terms of task-oriented
and structural diversity. This implies that such boardroom
diversity is more useful when external governance is not
in place, or alternatively, external governance can compen-
sate for a lack of it. This finding adds to the understand-
ing of the interplay between various corporate governance
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mechanisms, as discussed in existing literature (Oh et al.,
2018; Weir et al., 2002). Particularly, it elaborates on the
concept put forth by Weir et al. (2002) which suggests that
internal and external governance mechanisms may not func-
tion in isolation but could potentially act as substitutes for
one another. The current study illuminates this notion by
demonstrating a potential substitutive effect between internal
governance (boardroom diversity) and external initiatives
(such as the Paris Agreement) in the context of mitigating
carbon emissions.

Managerial and Policy Implications

Our results may guide management and policymakers in
identifying and improving more relevant or effective board
diversity forms when multiple diversity both internal and
external to firms come into play.

The management implication from the study suggests
that firms should strive to structure their boards in a man-
ner that balances task and structure-related board char-
acteristics. As structural diversity is more a regulatory
requirement in many jurisdictions, management is advised
to identify a range of task-related characteristics, extending
beyond those examined in the current study, such as indus-
try experience and functional background, which have the
potential to enhance corporate behavior. Similarly, firms
should assess the existing pool of candidates and actively
identify or nurture suitable candidates to improve such
diversity within their boards. Equally crucial is fostering
an organizational culture that facilitates both the exploita-
tion and exploration of knowledge among directors to fully
leverage the benefits of diversity. Firms should implement
strategies such as increasing the frequency of board or
committee meetings and promoting informal networking
activities to facilitate the sharing and exchange of ideas
among directors. In light of the growing policy focus on
Equality, Diversity, and Inclusion (EDI), the negative or
insignificant relational diversity measures do not mean that
these are detrimental to overall firm performance. Instead,
it suggests the need for alternative course of actions to
realize the benefits. Miller and Del Carmen Triana (2009)
and Cumming and Leung (2021) point out the reputational
and innovation benefits of relational diversity. Thus, firms
should acknowledge and channel diversity, such as gender
and nationality, towards areas where they can positively
influence firm performance. Moreover, management may
also consider job-related skills when appointing directors
with relational characteristics.

Our findings offer valuable guidance to policymakers
and regulators suggesting them to evaluate the effective-
ness of diversity quotas and implement optimal diversity
policies. We endorse the current UK corporate govern-
ance code which emphasizes the board outsidership which
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remains relevant even in the context of corporate carbon
emissions reduction. However, the balanced representa-
tion of outsiders may prove to be the optimal strategy for
improving carbon performance. Likewise, our study adds
to the debate on staggered boards acknowledging the logic
that such boards help to reduce the group cohesiveness
and entrenchment by altering the mix of board member
term limits which is one of the crucial ways in enhancing
board effectiveness (Li & Wahid, 2018). Accordingly, we
recommend that policymakers prioritize task and struc-
ture-related board characteristics and their diversity when
establishing boardroom diversity codes. For instance,
highlighting factors such as education level, industry expe-
rience, functional background, and independence, among
other forms of task and structure-related diversity, could
be beneficial. Moreover, the significant impact of external
governance on firm-level carbon emissions underscores
the importance for policymakers to formulate relevant
institutional policies on CSR and closely monitor their
implementation. However, it might be beneficial if poli-
cymakers also take into consideration internal corporate
governance and establish thresholds to identify entities
that may require such regulatory pressures.

Limitations and Future Research

The study acknowledges several limitations. First, our
boardroom diversity measures are based on the logic of
group heterogeneity; thus, readers should be cautious in
comparing and interpreting our results vis-a-vis studies
that considered a single aspect of board composition. Sec-
ond, board heterogeneity measure, the Blau Index, only
takes into account two categories for proportions; for
instance, nationality diversity is split just between domes-
tic and foreign directors. Future research could enrich this
by including a broader range of nationalities if data per-
mits. Third, the study’s scope is confined to 344 firms on
the London Stock Exchange, limited by the carbon emis-
sions data availability from Thomson Reuters ASSET4.
Future studies could expand this to include other listed
and unlisted firms, should they have access to alternative
carbon emissions data sources. Fourth, while this study
does consider the impact of external governance on the
association between boardroom diversity and carbon emis-
sions, further research could delve into specific monitor-
ing and advisory functions to enhance the understanding
of this relationship. Further, future researchers may find
it worthwhile to explore the interaction effects of various
boardroom diversity measures themselves. Lastly, our sam-
ple is drawn from a shareholder-oriented context, which
may limit the external validity of our results, particularly
outside of Anglo-Saxon contexts. Future studies focusing



Boardroom Diversity and Carbon Emissions: Evidence from the UK Firms

on a cross-country analyses may yield a deeper insight into

Appendix

the relationship between boardroom diversity and corpo-

rate carbon emissions.

See Tables 1, 2, 3,4,5,6,7,8,9, and 10.

Table 1 Variable definitions

Variable name

Definition

Carbon emissions:

Lnemissions

Lntotalintensity
Board diversity:

Age

Gender

Nationality

Tenure
Education
E/NED

Control variables:
InMV
Infirmage
debt-to-equ
ROA
Revgrowth
Pricevol
Cfoperation

Lnbsize

Institutionalshare

Natural logarithm of total CO, equiv. emissions
Natural logarithm of the ratio of total CO, equiv. emissions in tons to revenue

The ratio of standard deviation of age to mean age of directors

Blau index with two gender categories: male and female. Blau Index is calculated as [1—), (P,-z)], where P is the
proportion of each member in each category

Blau index with two nationality categories: national and international. Blau Index is calculated as [1—Y (P?)], where P
is the proportion of each member in each category

The ratio of standard deviation of tenure to mean tenure of directors
The ratio of standard deviation of education level to mean education level of directors

Blau index with two structural categories: executives and non-executive directors. Blau Index is calculated as [1—)
(P?)], where P is the proportion of each member in each category

Natural logarithm of firm’s market capitalization

Natural logarithm of number of years since the foundation year

The ratio of total debt to total equity

The ratio of operating profit to total assets

The change in total revenue in a year relative to previous year

The standard deviation of weekly log-normal price returns over the past year

Total amount of cash generated from operating activities over a year, scaled by total assets
Natural logarithm of total number of directors on a board

The aggregated ratio of institutional shares to total shares outstanding

Table 2 Descriptive Statistics

Variable Obs Mean Std. Dev Min Max
Lnemission 2657 10.675 2.656 2.001 18.336
Lntotalintensity 2657 3.308 1.749 —4.609 8.696
Gender 2657 0.302 0.151 0 0.5
Nationality 2657 0.265 0.21 0 0.5
E/NED 2657 0.404 0.088 0 0.5

Age 2657 0.12 0.036 0.008 0.314
Education 2657 0.551 0.222 0 2.1
Tenure 2657 0.682 0.256 0 1.957
InMV 2657 7.763 1.612 2.743 12.54
Firmage 2657 82.274 70.202 0 505
Debt-to-equ 2657 0.725 1.378 —5.383 7.257
ROA 2657 0.058 0.087 -0.271 0.343
Revgrwoth 2657 7.181 29.143 —64.191 246.127
Pricevol 2657 34913 18.744 11.272 111.706
Cfoperation 2657 0.101 0.077 -0.073 0.372
Boardsize 2657 8.609 2.235 3 19
Institutionalshares 2657 71.432 25.331 0 101.353

All continuous variables are winsorized at 1% and 99% level. Please see variable definitions in Table 1
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Boardroom Diversity and Carbon Emissions: Evidence from the UK Firms

Table 4 Board diversity and carbon performance

Variables (¢))] 2) 3) 4) 5) 6) @) (8)
Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8
Inemission Intotalintensity Inemission Intotalintensity Inemission Intotalintensity Inemission Intotalintensity
Age 0.0151 0.0964** 0.0110 0.0932%*
(0.0528) (0.0406) (0.0573) (0.0380)
Gender —0.0132 —0.0270 -0.0225 —-0.0352
(0.0710) (0.0891) (0.0652) (0.0825)
Nationality 0.1295%* 0.1716%** 0.0844 0.1381%**
(0.0618) (0.0613) (0.0681) (0.0643)
Education —0.1052 —0.0934 —-0.0733 —-0.0646
(0.0779) (0.0768) (0.0808) (0.0742)
Tenure —0.1578***  —0.1377%* —0.1465%** —0.1240%*
(0.0571) (0.0616) (0.0562) (0.0581)
E/NED —0.2300%** —0.1728%%* —0.1747*%**  —0.1094*
(0.0658) (0.0716) (0.0623) (0.0592)
InMV 0.6926%**  —0.0554 0.6693***  —0.0912 0.6524*#*  —0.1000 0.6390***  —0.0936
(0.1249) (0.0941) (0.1043) (0.0815) (0.1014) (0.0722) (0.1110) (0.0872)
Infirmage 0.2034%* 0.0798 0.2140%* 0.0871 0.1989% 0.0752 0.2103** 0.0866
(0.1000) (0.1100) (0.0917) (0.1056) (0.1014) (0.1119) (0.0921) (0.1016)
debt-to-equ 0.1584%**  0.0963*** 0.1527**%  0.0917*** 0.1539%**  (.0931*** 0.1520%**  0.0915%**
(0.0312) (0.0194) (0.0312) (0.0213) (0.0317) (0.0217) (0.0305) (0.0189)
ROA —4.2377%*%* 2 1833%* —4.1072%**  —2.0750%* —4.1735%**  —2.1600%* —3.8890*** —1.9095%
(1.0787) (0.9380) (1.1386) (1.0036) (1.1213) (0.9449) (1.0987) (0.9846)
Revgrwoth —-0.0036 —0.0027 —0.0035 —-0.0025 —0.0035%* —0.0025 —0.0035 —-0.0026
(0.0023) (0.0022) (0.0023) (0.0022) (0.0021) (0.0020) (0.0022) (0.0021)
Pricevol 0.0072 0.0010 0.0069 0.0008 0.0067 0.0007 0.0065 0.0005
(0.0066) (0.0059) (0.0064) (0.0059) (0.0065) (0.0058) (0.0063) (0.0056)
Cfoperation —0.0857 1.5670 —-0.2531 1.4471 0.0750 1.7194 —0.2233 1.4355
(1.5305) (1.3975) (1.3999) (1.2883) (1.4812) (1.3831) (1.3843) (1.2810)
Lnbsize 0.7951***  0.4010 1.0652%**  0.7559%*%* 0.9243***  0.6284* 0.9820%**  0.5518
(0.2259) (0.3367) (0.2261) (0.3787) (0.2341) (0.3508) (0.2453) (0.3923)
Institutionalshares ~ —0.0062 —0.0052 —0.0067 —0.0058 —0.0055 —0.0048 —0.0060 —0.0052
(0.0040) (0.0036) (0.0042) (0.0039) (0.0039) (0.0036) (0.0037) (0.0034)
Constant 3.7609%**  3.1713%** 3.3714%*%  2.8980%** 3.7444% %% 3 1726%** 3.8724%%%  3.2228%**
(1.1316) (0.9700) (0.9459) (0.8869) (0.9698) (0.8881) (1.2173) (1.0393)
Industry effect Yes Yes Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes Yes Yes
Industry-year effects Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2223 2218 2223 2218 2223 2218 2223 2218
R-squared 0.724 0.487 0.727 0.485 0.726 0.481 0.730 0.495

Robust clustered standard errors in parentheses, ***p <0.01, **p <0.05, *p <0.1
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Table 5 IV-2SLS regression analysis

@) 2 (3) (C)) (%) (6) @) ®
First-stage regression Second-stage regression
Variables Age Gender Nationality Education ~ Tenure E/NED Inemission  Lntotalintensity
Age 0.0490 0.1504 %
(0.0568) (0.0568)
Gender —0.1069 —0.1623
(0.0694) (0.1186)
Nationality 0.0787 0.1528%%*
(0.0728) (0.0725)
Education —0.0808 —0.0839
(0.0872) (0.0851)
Tenure —0.1916%*  —0.1671%*
(0.0849) (0.0845)
E/NED —0.2384**  —0.1299
(0.0953) (0.1049)
avg_age_zip 0.5522
(0.5501)
L.age 0.804 1%
(0.0240)
avg_gender_zip 0.3277*
(0.1964)
L.gender 0.6696%**
(0.0213)
avg_nationality_zip 0.3866%**
(0.0912)
L.nationality 0.8721%#%%*
(0.0191)
avg_edu_zip 0.1839
(0.1127)
L.education 0.8593#:#:*
(0.0123)
avg_tenure_zip 0.2776%*
(0.1106)
L.tenure 0.6667***
(0.0356)
avg_E/NED_zip 0.2189
(0.1579)
L.E/NED 0.8182%**
(0.0529)
Constant 0.5159%#%  —0.8842%%*  —(.5449%** 0.3423%%*  —0.5095%**  —0.5200%*  3.2880%**  2.6053%**
(0.1716) (0.0995) (0.1988) (0.0996) (0.1551) (0.2012) (1.1262) (0.9588)
Controls Yes Yes Yes Yes Yes Yes Yes Yes
Industry effect Yes Yes Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes Yes Yes
Industry-year effects Yes Yes Yes Yes Yes Yes Yes Yes
Observations 2326 2326 2326 2326 2324 2326 1898 1893
R-squared 0.684 0.765 0.847 0.802 0.578 0.829 0.738 0.520
Cragg-Donald Wald F stat 120.862 119.995
Kleibergen-Paap rk Wald F stat 218.354 220.697

Robust clustered standard errors in parentheses, ***p <0.01, **p <0.05, *p<0.1
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Table 6 Heckman selection

model

(1 @) 3 C))
Modell Model2 Model3 Model4
Variables diversitydum Inemission diversitydum Intotalintensity
Age 0.0709 0.1325%#:*
(0.0702) (0.0375)
Gender 0.0726 0.0795
(0.0608) (0.0898)
Nationality 0.0728 0.1412%*%*
(0.0514) (0.0541)
Education —0.1056 —0.0734
(0.0689) (0.0540)
Tenure —0.1455%: —0.1444%%*
(0.0631) (0.0539)
E/NED —0.2799%%** —0.1700*
(0.1085) (0.0928)
Lambda 0.0575 0.1891
(0.3028) (0.3619)
Policydiversity and opportunity 0.5139%%* 0.5012%*
(0.2381) (0.2199)
Constant 4.4335%4% 3.0363%*** 4.4736%+* 3.3041%#**
(0.8941) (0.6211) (0.8831) (0.6334)
Controls Yes Yes Yes Yes
Industry effect Yes Yes Yes Yes
Year effect Yes Yes Yes Yes
Industry-year effects No Yes No Yes
Observations 2289 2289 2285 2285

Robust clustered standard errors in parentheses, ***p <0.01, **p <0.05, *p <0.1
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Table 7 Omitted control variables

M (@) 3 (C)) (&) Q)
Modell Model2 Model3 Model4 Model5 Model6
Variables Inemission Intotalintensity Inemission Intotalintensity Inemission Intotalintensity
Age 0.0110 0.0932%* 0.0110 0.0929%* 0.0110 0.0929%*
(0.0573) (0.0380) (0.0573) (0.0380) (0.0573) (0.0380)
Gender —0.0225 —0.0352 —0.0225 —0.0352 —0.0225 —0.0352
(0.0652) (0.0825) (0.0653) (0.0836) (0.0653) (0.0836)
Nationality 0.0844 0.1381%%* 0.0844 0.1374%* 0.0844 0.1374%*
(0.0681) (0.0643) (0.0681) (0.0643) (0.0681) (0.0643)
Education —0.0733 —0.0646 —0.0733 —0.0656 —-0.0733 —0.0656
(0.0808) (0.0742) (0.0808) (0.0741) (0.0808) (0.0741)
Tenure —0.1465%** —0.1240%* —0.1465%** —0.1238%* —0.1465%** —0.1238%%*
(0.0562) (0.0581) (0.0562) (0.0580) (0.0562) (0.0580)
E/NED —0.1747%%* —0.1094* —0.1747%%* —0.1079% —0.1747%** —0.1079*
(0.0623) (0.0592) (0.0621) (0.0590) (0.0621) (0.0590)
InMV 0.6390%** —0.0936 0.6390%** —0.0946 0.6390%** —0.0946
(0.1110) (0.0872) (0.1109) (0.0869) (0.1109) (0.0869)
Infirmage 0.2103%%* 0.0866 0.2103** 0.0866 0.2103** 0.0866
(0.0921) (0.1016) (0.0921) (0.1012) (0.0921) (0.1012)
debt-to-equ 0.1520%** 0.0915%#* 0.1527#** 0.0921*** 0.152] %% 0.0921 %
(0.0305) (0.0189) (0.0307) (0.0190) (0.0307) (0.0190)
ROA —3.8890%** —1.9095* —3.8891%** —1.9122% —3.8891*** —1.9122%
(1.0987) (0.9846) (1.0991) (0.9832) (1.0991) (0.9832)
Revgrwoth —0.0035 —0.0026 —0.0035 —-0.0026 —0.0035 —0.0026
(0.0022) (0.0021) (0.0022) (0.0021) (0.0022) (0.0021)
Pricevol 0.0065 0.0005 0.0065 0.0004 0.0065 0.0004
(0.0063) (0.0056) (0.0062) (0.0056) (0.0062) (0.0056)
Cfoperation -0.2233 1.4355 —-0.2231 1.4420 -0.2231 1.4420
(1.3843) (1.2810) (1.3844) (1.2854) (1.3844) (1.2854)
Lnbsize 0.9820%** 0.5518 0.9820%** 0.5533 0.9820%** 0.5533
(0.2453) (0.3923) (0.2456) (0.3886) (0.2456) (0.3886)
Institutionalshares —0.0060 —0.0052 —0.0060 —0.0053 —0.0060 —0.0053
(0.0037) (0.0034) (0.0037) (0.0034) (0.0037) (0.0034)
Year 2008 —0.6006* -0.3770 —0.6006* —0.3745 —0.6006* —0.3745
(0.3267) (0.2943) (0.3261) (0.2919) (0.3261) (0.2919)
Year 2020 —4.1522%%* —3.1157%%* —0.9816%%** —0.9536%** —0.9816%** —0.9536%**
(0.3006) (0.2990) (0.2285) (0.1584) (0.2285) (0.1584)
Regulation 0.0096 0.3039%** 0.0096 0.3039%**
0.1777) (0.1143) (0.1777) (0.1143)
Post 2015 —3.1802%%*%* —2.4662%%* —3.1802%** —2.4662%**
(0.2228) (0.2413) (0.2228) (0.2413)
Constant 3.8724%%* 3.2228%%* 3.8726%** 3.2313%** 3.8726%** 3.2313%**
(1.2173) (1.0393) (1.2153) (1.0356) (1.2153) (1.0356)
Industry effect Yes Yes Yes Yes Yes Yes
Year effect Yes Yes Yes Yes Yes Yes
Industry-year effects Yes Yes Yes Yes Yes Yes
Observations 2223 2218 2223 2218 2223 2218
R-squared 0.730 0.495 0.730 0.495 0.730 0.495

Robust clustered standard errors in parentheses, ***p <0.01, **p <0.05, *p <0.1
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Table 8 Fama—MacBeth regression

Table 9 Alternative measures

M @)
Modell Model2
Variables Inemission Intotalintensity
Age 0.1030 0.1268***
(0.0870) (0.0338)
Gender —0.0990* —0.0705
(0.0476) (0.0409)
Nationality 0.0531 0.1139%*
(0.0415) (0.0397)
Education —0.1063 —0.0838*
(0.0691) (0.0465)
Tenure —0.1411%%* —-0.0570
(0.0323) (0.0445)
E/NED —0.3300%** —0.3004**
(0.0929) (0.1061)
Constant 2.5825%** 2.9583%**
(0.8214) (0.8025)
Controls Yes Yes
Industry effect Yes Yes
Observations 2223 2218
R-squared 0.757 0.548
Number of groups 16 16

Robust clustered
**p<0.05, *p<0.1

standard errors

in parentheses, ***p<0.01,

Variables

M

Inemission/totalassets

(@)

Inemissions_CDP

Panel A: Alternative carbon emissions measures

Age

Gender

Nationality

Education

Tenure

E/NED

Constant

Controls

Industry effect
Year effect

Industry-year effects

Observations
R-squared

Variables

Panel B: Alternative boardroom diversity measures

Ageedum

Gendum

Natidum

Eduudum

Tenndum

E/NEDdum

Constant

Controls

Industry effect
Year effect

Industry-year effects

Observations

R-squared

0.0699
(0.0493)
—0.0054
(0.0596)
0.1193*
(0.0619)
—0.0784
(0.0662)
—0.1345%*
(0.0586)
—0.0641
(0.0582)
2.9700%*
(1.1731)
Yes

Yes

Yes

Yes
2223
0.609
ey

Inemission

0.0362
(0.0803)
-0.0762
(0.1011)
0.1177
(0.1162)
—0.1105
(0.1451)
—0.2584%#%
(0.0788)
—0.2927%%
(0.1285)
3.6957 %
0.9179)

2223
0.729

—0.0456
(0.0660)
0.3523%**
(0.0879)
0.0571
(0.1440)
—0.0109
(0.0968)
—0.1797%**
(0.0619)
—0.2030%**
(0.1026)
2.8482%%*
(1.3885)
Yes

Yes

Yes

Yes

937

0.714

2

Intotalintensity

0.1107
(0.0751)
—0.1548
(0.1162)
0.2404%*%*
(0.0986)
-0.1217
(0.1191)
—0.2128%**
(0.0678)
—0.1750%*
(0.0728)
3.1973%**
(0.9361)
Yes

Yes

Yes

Yes

2218
0.492

Robust clustered standard errors

#%p <0.05, *p<0.1

in parentheses,
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Table 10 Internal vs external governance on carbon emissions

@) ®)
Model7 Model8
Variables Inemission Intotalintensity
Treat_age 0.0365 0.0697
(0.3682) (0.1858)
Treat_gender 0.1820 0.1852
(0.1937) (0.2116)
Treat_nationality 0.2470 0.1063
(0.1629) (0.2368)
Treat_education 0.4903 0.2681°*
(0.3457) (0.1486)
Treat_tenure —0.0976 0.2188
(0.2094) (0.1602)
Treat_ E/NED 1.0347%** 0.9743%*%*
(0.2774) (0.1320)
Post —2.9546%** —1.7380%**
(0.6367) (0.7781)
Treat_age*Post 0.4443* 0.4322%*
(0.2606) (0.1930)
Treat_gender*Post 0.2857 0.1631
(0.2139) (0.2050)
Treat_nationality*Post —0.4949%** —-0.5151*
(0.1735) (0.2991)
Treat_education*Post —-0.6262%* —0.3762%**
(0.3375) (0.1170)
Treat_tenure*Post -0.1634 —0.2899%*
(0.1318) (0.1245)
Treat_ E/NED *Post —0.4545% —0.5154%**
(0.2704) (0.2088)
Constant 4.3695%** 3.0788%**
(1.3225) (1.5197)
Controls Yes Yes
Industry effect Yes Yes
Year effect Yes Yes
Industry-year effects Yes Yes
Observations 648 648
R-squared 0.693 0.409

Robust clustered standard errors in parentheses, ***p<0.01,
*##p <0.05, *p<0.1
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