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Abstract

Purpose — This study aims to investigate the level and pattern of corporate carbon emission of Top100 listed
firms from Thailand and to test for a possible relationship between board characteristics and corporate carbon
emissions in Thailand.

Design/methodology/approach — Board characteristics and corporate carbon emissions are collected by
Top100 listed firms from the Stock Exchange of Thailand during 2020 to 2022. Panel regression analysis is used
to test the impact of board characteristics on carbon emissions, while robustness test by two stage least square
instrumental variable approach is used to mitigate the endogeneity issue.

Findings — We find a negative relation between female board and carbon emissions, while there is a positive
relationship between board size and carbon emissions. We document that an increase of board gender diversity
reduces carbon emissions, while an increase of board size increases corporate carbon emissions. Moreover,
we find that board independence, tenure and CEO duality have no effect on carbon emissions. Our findings are
robust to endogeneity concerns as our 2SLS analyses confirm the main findings.

Originality/value — Strategic decision to reduce carbon emissions is to structure boards with increased number
of female representation and smaller board size in total.

Keywords Carbon emissions, Board characteristics, Thailand

Paper type Research article

1. Introduction

Greenhouse gas emissions, particularly carbon dioxide (CO,), constitute a critical global
environmental challenge due to their long-term impacts on economic stability, social well-being
and ecological systems (Tian et al., 2025). Carbon emissions primarily stem from fossil fuel—
dependent development models, especially in energy-intensive industrial activities, leading to
climate change and associated economic risks (Kumari, Shashwat, Verma, & Giri, 2025).
Empirical evidence shows that such growth patterns increase regulatory uncertainty, energy costs
and stakeholder pressure, thereby affecting firms’ long-term competitiveness (Albanese, Gatti, &
Varriale, 2025). Consequently, carbon emissions management has evolved into a strategic
organizational mechanism emphasizing measurement, disclosure and emission reduction as part
of risk management and value creation (Luo, Tang, Fan, & Ayers, 2023). This shift has been
reinforced by global climate frameworks, particularly the Paris Agreement and NDCs, and by
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national initiatives in Thailand that highlight the critical role of listed firms in achieving emission
reduction targets (Global Carbon Budget, 2023). Carbon emissions’ reporting has been
conceptualized as corporate strategic actions that (1) prioritize the needs of stakeholders and (2)
answer corporate sustainability. As the ultimate decision-making body within a firm, Chief
Executive Officer (CEO) is tasked with formulating short-term and long-term strategies and
overseeing risk management frameworks that align with environmental sustainability (Kyaw,
Treepongkaruna, & Jiraporn, 2022), ensuring that corporate objectives encompass broader social
and environmental impacts beyond immediate financial returns (Oyewo, 2023).

One challenge to have carbon emissions’ reporting is that it may provide negative image
and reputation to the corporations in the short-term, leading to a drop in corporate value and
performance. Therefore, if top-management does not have long-term working agreement,
he or she may not pay attention on carbon emissions. Managerial board is expected to monitor
corporate activities to decrease conflicts of interest between top-management and
shareholders and information asymmetries (Garcia-Sanchez et al., 2019). Board is one of
the most common corporate governance mechanisms aiming to reduce the conflicts of interest
between top-management and shareholders, and information asymmetries between the
corporations and their stakeholders (Frias-Aceituno, Rodriguez-Ariza, & Garcia-Sanchez,
2013). Board plays an important role to ensure management consideration for long-term
benefits of corporate shareholders and sustainability in environment and social aspects
(Likitapiwat & Treepongkaruna, 2023). However, this depends on quality of board of director.
Low-quality board may be able to obstruct good relationship between the corporations and
their society and stakeholders and lead to a decline in corporate sustainability (Subramaniam,
Akbar, Situ, Ji, & Parikh, 2023). The most common board compositions used in the previous
studies reflecting the effectiveness of boards are included board size (Cheung & Lai, 2022;
Garcia Martin & Herrero, 2020; Farag & Mallin, 2017), gender diversity (Kyaw et al., 2022;
Nuber & Velte, 2021; Garcia Martin & Herrero, 2020; Tingbani, Chithambo, Tauringana, &
Papanikolaou, 2020; Haque, 2017), independency (Oyewo, 2023; Maroun, 2019), tenure
(Konadu, Ahinful, Boakye, & Elbardan, 2022; Hategan, Sirghi, Curea-Pitorac, & Hategan,
2018) and duality (Cerbioni & Parbonetti, 2007; Haji & Ghazali, 2013; Lu & Wang, 2021;
Zhang, Zhang, Ji, Lucey, & Liu, 2021). This study has focused on two important board
compositions as female board (board gender diversity and board size).

However, prior evidence on the association between female board, board size and corporate
carbon emissions is inconsistent and inconclusive (Tanthannongsakkun et al., 2022; Oyewo,
2023; Nuber & Velte, 2021; Garcia Martin and Herrero, 2020; Maroun, 2019; Farag & Mallin,
2017). In the context of Thailand, a number of researchers has investigated the influence of
managerial board on corporate environmental performance, these performances, however, are
approximated by either environmental disclosure (Maneenop et al., 2023; Suttipun, 2021) or
emissions score derived from a firm’s commitment and effectiveness toward reducing
environmental emission in its production and operational processes (Tanthanongsakkun et al.,
2022; Kyaw et al., 2022) rather than employing the actual emission. We fill the gap in literature
by focusing on the amount of carbon emitting by firm at the firm-level of top 100 listed
companies in Thailand and whether female board and board size having any impact on how
firm emits the carbon. As Thailand recently mandate listed firms to report carbon emission, we
hand collect carbon emission and limit our sample to the period of 2020 to 2022.

In Thailand, the government has committed to achieving carbon neutrality goal in 2050 and
net zero in 2065, which is slightly off from what the United Nations call for countries to reduce
carbon emissions by 45% by 2030 and reach net zero by 2050 (Suttipun, Phuensane, &
Kijkasiwat, 2026). To achieve these goals, several initiatives have been proposed, including
increasing renewable energy sources, improving energy efficiency and encouraging green
financing initiatives. Among other initiatives, starting from 2022, the Thai Securities and
Exchange Commission (SEC) has mandated that listed companies report their carbon emissions
in the so-called “56—1 One Report”. Carbon emissions disclosure is one way to demonstrate
transparency and accountability of firms and their efforts to address climate change as well as to
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meet social expectations and stakeholders’ demands (Grabsch, Jones, & Solomon, 2010).
Additionally, this mandatory regulation allows investors and stakeholders to make more
informed decisions based on a company’s environmental impact. Nevertheless, revealing
carbon emissions might make investors and stakeholders view the company unfavorably. The
executives may decide to reveal qualitatively certain information in order to preserve their
reputation and avoid possible criticism from society. Declaring corporate carbon performance
is a part of corporate environmental responsibility which contributes to the broader goals of
promoting sustainability and tackling climate change. However, from a business perspective,
executives might overlook investment choices to enhance corporate carbon performance
because they might put short-term financial gains ahead of long-term environmental objectives.
This aligns with the agency theory stating that executives may prioritize their own interests over
those of the company and its stakeholders. Therefore, it is crucial for companies to implement
strong governance structures to ensure long-term sustainability goals.

Thailand as an emerging economic market is chosen with some reasons. For example, most
listed firms in Thailand are family-owned businesses with a significant amount of family
ownership structure that can weaker regarding corporate governance including quality of
board composition, which can play as important roles for corporate sustainability (Suttipun,
2021). In addition, corporate governance mechanisms in Thailand are still new and weak
compared with listed firms from developed countries (Khanna & Palepu, 2000). In terms of
carbon emissions, the regal and regulation of corporate carbon emissions’ disclosure have just
launched since 2021 that firms need to have early adoption in 2020 for comparative reason
(Suttipun, 2026). There are small evidences examining the relationship between board
composition and carbon emissions in Thailand (Mansour, Abu-Allan, Alshdaifat, E’leimat, &
Saleh, 2025; Khairunnisa, Astuti, & Hussein, 2024; Suttipun, 2026).

This paper explores which and how board characteristics affect carbon emissions by top
100 listed firms in Thailand over the period of 2020 to 2022. Based on 216 firm-year
observations of unique 72 companies, we find no impact of board independence, tenure and
CEO duality but positive (negative) effect of board size (gender diversity) on carbon
emissions. A one standard deviation increases in board gender diversity and board size leads to
a 9.8% reduction but a 7.6% increase in carbon emissions, respectively. We offer two
contrasting hypotheses as follows: social role theories and optimal board size hypothesis vs
legitimacy and attention hypothesis. Consistent with social role theories and optimal board
size hypothesis, we find a negative (positive) relation between board gender diversity (board
size) and carbon emissions. Specifically, this study confirms that companies with higher
proportion of female board can reduce corporate carbon emission. This is because female
board can offer diverse views and support an efficient role in managing relationship between
corporation and stakeholders’ demands, and between corporation and social expectation
(Adams & Ferreira, 2009; Suttipun, 2021) as well as reduce conflicts of interest between top-
management and shareholders (Cremers, Litov, & Sepe, 2017; Likitapiwat &
Treepongkaruna, 2023). On the other hands, the companies with higher number of board
members increase corporate carbon emission. It is because large boards underperform
compared with smaller boards that allow for faster move and decision-making and better
monitoring functions including carbon emission (Goud, 2022; Orozco, Vargas, & Galindo-
Dorado, 2018). To ensure that the study’s results are not driven by endogeneity, robustness
tests are provided such as fixed and random effect models, and two stage least square
instrumental-variable approach (2SLS-IV). The findings survive all robustness tests.

We provide various contributions expected to existing literature as follows. Firstly, our
findings demonstrate whether social role theories consisting of agency, legitimacy and
stakeholder theories can be used to explain the association between board characteristics and
corporate carbon emissions. Secondly, we contribute to literature on corporate governance
and corporate environmental and social responsibility by focusing on the impacts of board
characteristics on corporate carbon emissions in Thailand. Next, our findings contribute to the
debate on the impacts of board characteristics on carbon emissions. Finally, our evidence of the
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role played by female board and the size of board on carbon intensity could drive change in
corporate policies affect management as well as stakeholders’ decision making.

Findings of this study also offer several practical implications. Firstly, this study supports
the perspective of board composition as one of the most important corporate governance
mechanisms to reduce the conflicts of interest between top-management and shareholders and
to respond corporate society and stakeholders. Secondly, regulators and policy setters should
set better and higher quality of corporate board such as an appropriate proportion of female
board, an appropriate proportion and condition of independent board, condition of board
tenure, an appropriate size of board and condition of CEO duality. Finally, corporate investors
can consider board characteristics when they make decision making.

This paper is organized and structured as follows. The second section indicates review of
related literature and hypothesis development. The third section provides the research
methodology including of population and samples used, data collection and data analysis. The
fourth section shows empirical findings and discussion, while the conclusion including
implication and contribution, limitation and suggestion for future study will be in the fifth section.

2. Review literature and hypothesis development

2.1 Carbon emissions

Carbon emissions, particularly carbon dioxide (CO,), can be traced back to the industrial
revolution, when fossil fuels — namely coal, oil and natural gas — became the primary energy
sources for power generation, industrial production and transportation. This heavy reliance on
fossil fuels led to a persistent accumulation of greenhouse gases in the atmosphere, which is
widely recognized as a principal driver of global warming and climate change (IPCC, 2021).
International empirical evidence consistently identifies the energy sector as the largest
contributor to global carbon emissions, especially in industrialized and rapidly developing
economies with high energy demand. Economic growth that is structurally dependent on fossil
fuel consumption has therefore resulted in continuously rising carbon emissions, posing
significant long-term risks to economic stability, social welfare and environmental
sustainability (Barroso, Gallego-Alvarez, & Vicente-Galindo, 2024). Within this context,
carbon emissions have emerged as a central issue on the global policy agenda, with a critical
turning point marked by the adoption of the Paris Agreement. The agreement aims to limit the
increase in global average temperature and requires countries to establish emission reduction
targets through Nationally Determined Contributions (NDCs). Consequently, governments,
regulatory bodies and stakeholders have intensified pressure on firms to reduce greenhouse gas
emissions while simultaneously enhancing environmental transparency (Nuber & Velte, 2021).
At the firm level, carbon emissions typically encompass greenhouse gas emissions arising from
production activities, energy consumption, transportation systems and supply chain operations.
Firms are therefore increasingly expected to systematically measure, report and mitigate their
carbon emissions. Carbon disclosure has consequently become a key mechanism through
which stakeholders can assess firms’ exposure to climate-related risks and the effectiveness of
their carbon management practices. Although carbon disclosure remains largely voluntary in
many jurisdictions, growing pressure from investors, governments and international reporting
frameworks — such as the Carbon Disclosure Project (CDP) and climate-related reporting
standards — has positioned carbon emissions at the core of contemporary environmental policy
and corporate governance worldwide (Gonenc & Krasnikova, 2022).

The control of carbon emissions is widely recognized as a fundamental pillar of sustainable
development. Organizations are therefore required to establish comprehensive management
structures and mechanisms that encompass emissions control, carbon risk assessment, energy
cost management and the enhancement of overall organizational performance. Over the past
decade, corporate carbon reporting has expanded substantially at the global level, particularly
in countries with stringent environmental regulatory frameworks (Tang & Demeritt, 2018). In
the context of Thailand, a developing economy, greenhouse gas emissions have continued to
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increase alongside economic growth and industrial expansion, despite the implementation of
national mitigation policies.

To consider the link of carbon emissions and board composition, the prior related studies on
the relationship between board characteristics and environmental performance provided
mixed results as different proxies of environmental performance. However, carbon emissions
are used as proxy of environmental performance in this study (Tanthanongsakkun et al., 2022;
Kyaw et al., 2022; Maneenop et al., 2023; Oyewo, 2023; Goud, 2022; Konadu et al., 2022; Lu
& Wang, 2021; Zhang et al., 2021). This study contributes to the literature in this area by
testing how board characteristics, which are ones of the most contested corporate governance
mechanisms, influence on corporate carbon emissions. This paper will be the first paper
examining correlation between board characteristics and corporate carbon emissions in
Thailand.

2.2 Board characteristics

In perspective of agency theory, board of director is one of the most common corporate
governance mechanisms used to close or reduce the conflicts of interest and information
asymmetries (Frias-Aceituno et al., 2013). This is because board of director will improve
management quality in long-term advantages for shareholder demands and response on
corporate environmental and social impacts (Glass, Cook, & Ingersoll, 2016). In addition, in
perspective of stakeholder and legitimacy theories, board of director is used to satisfy social
expectations and stakeholder demands (Garcia-Sanchez et al., 2019). However, the
expectation is depended on quality of board of director either. Even though the board of
director is used to monitor corporate management by top-management’s decision, there were
several evidences indicating that board gender diversity can reduce the quality of corporate
governance and firm value and can create the conflicts of interest and information asymmetries
(Cremers et al., 2017; Bebchuk & Cohen, 2005; Likitapiwat & Treepongkaruna, 2023). Within
board composition, board size (Cheung & Lai, 2022; Garcia Martin & Herrero, 2020; Farag &
Mallin, 2017), gender diversity (Kyaw et al., 2022; Nuber & Velte, 2021; Garcia Martin &
Herrero, 2020; Tingbani et al., 2020; Haque, 2017), independency (Oyewo, 2023; Maroun,
2019), tenure (Konadu et al., 2022; Hategan et al., 2018) and duality (Cerbioni & Parbonetti,
2007; Haji & Ghazali, 2013; Lu & Wang, 2021; Zhang et al., 2021) can result in different
environmental and social responsibility (Tanthanongsakkun et al., 2022; Maneenop et al.,
2023; Adhikari, Agrawal, & Malm, 2019). Board characteristics are important not only
researchers and academics but also for shareholders, investors, creditors and the other
stakeholders.

2.3 Hypothesis development
Based on prior related studies, two contrasting hypotheses: social role theories and optimal
board size hypothesis vs legitimacy and attention hypothesis can be developed. On one hand,
to the extent that board characteristics increase managerial quality and social and
environmental responsibility, the board is expected to decrease the conflicts of interest
between top-management and owners and to reach corporate stakeholder expectations
(Likitapiwat & Treepongkaruna, 2023; Garcia-Sanchez et al., 2019). In addition, board of
director plays a critical role to ensure management consideration for long-term benefits of
corporate shareholders and sustainability in environment and social aspects (Frias-Aceituno
et al., 2013). Several social role theories such as agency and stakeholder theories are used to
explain the benefit of having board on social and environmental responsibility including
corporate carbon emissions’ reduction. Therefore, board composition can reduce corporate
carbon emissions.

On the other hand, our legitimacy and attention hypothesis suggest that board composition
and characteristics may increase corporate carbon emissions. This is because, in terms of board
size, too small or too large board cannot provide benefit for corporations including carbon
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emissions and too small and large board may obstruct good relationship between the
corporations and their society and stakeholders and lead to a decline in corporate sustainability
(Subramaniam et al., 2023). For example, by attention/busyness theory hypothesis, too many
and busy board members may negatively affect corporate carbon emissions (Ahn, Jiraporn, &
Kim, 2010).

In this study, board compositive is considered from female board and board size. In terms of
female board, most prior related studies find the negative impact of female board (board
gender diversity) on carbon emissions (Alfi, Mohamad, & Hussainey, 2025; Rjiba &
Thavaharan, 2022; Kyaw et al., 2022; Nuber & Velte, 2021; Garcia Martin & Herrero, 2020;
Tingbani et al., 2020; Haque, 2017). For example, Rjiba and Thavaharan (2022) find that more
female board committees can provide a lower carbon footprint of listed firms from 43
countries inducing Thailand during 2005 to 2019. This is because board gender diversity is a
good mechanism to meet social expectations, and stakeholder demands facilitating easier
access for strategic resources. It can increase pressure to reduce corporate negative
environmental impact including carbon emissions to meet stakeholder demands and social
expectations demonstrating commitments to greater accountability which help to obtain
access to resources by gaining the support of influential stakeholders. However, by social
identity theory, female board may be harmful to corporate operation and performance.
Moreover, female board may also promote poor cohesion and misunderstanding between
different gender groups. Similarity, presence of independent board may result in the neglect of
both top-management and the other boards’ knowledge and experience (Dalton, Michael,
Trevis, & Catherine, 2007). There are the other factors that make different results of female
board and carbon emissions such as between emerging and developed economic markets,
between mandatory and voluntary disclosures and between carbon emissions and reporting.
Therefore, this study hypothesizes that:

Hla. There is a negative impact of female board on corporate carbon emissions.
H1b. There is a positive impact of female board on corporate carbon emissions.

In terms of board size, on one hand, there are several literatures finds a negative impact of
board size on carbon emissions (Cheung & Lai, 2022; Garcia Martin & Herrero, 2020; Farag &
Mallin, 2017). For example, Lipton and Lorsch (1992) point out that when there are larger
board members in a company, it tends to affect the efficiency of corporate decision-making.
This is because, when the number of directors is larger, it is easy to have more effective ideas,
which are easy to unify with each other, leading to hesitant decision-making by the board. On
the other hand, large boards may underperform compared with smaller boards that allow for
faster move and decision-making and better monitoring functions (Goud, 2022; Orozco et al.,
2018). In addition, it is because the larger board size can become a hindrance to strategic
initiatives and actions (Cerbioni & Parbonetti, 2007). Therefore, there is a hypothesis used to
test in this study which is:

H2a. There is a negative impact of board size on corporate carbon emissions.

H2b. There is a positive impact of board size on corporate carbon emissions.

3. Methodology

Top 100 listed firms in Thailand from the Stock Exchange of Thailand (SET) are used as
sample in this study. The reasons is that (1) by their volume of capacity, the top100 firms have
directly affected on climate change and environmental impact issue in Thailand rather non-top
100 firms, (2) the firms have to work under the practices and regulations of carbon
management and reduction that will work faster than the other firms (SET, 2022) and (3) the
market capitalization of Top100 firms used in this study is more than 70% of the total market
capitalization in Thailand. Annual reports during 2020 to 2022 are used to collect the data.
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Though the mandatory carbon emissions’ reporting has been disclosed as a part in one annual
report from 2021, the top100 listed firms are asked by the SET to have early adoption of one
report since 2020. However, the study cannot have 300 firms-years of observations because
some firms have had a joint venture during period being study and some do not have a list as
top100 firms within whole period. In Thailand, Top100 listed firms are considered twice a
year; therefore, if a firm cannot be in the list of top100 firms with 3 years as 6 times during the
first six month and the last six month each year. There are 20 firms that are deleted from the
study’s condition. Moreover, the firms from financial industry are not included into this study
because they have used a different regulation with the other industries of the Stock Exchange
of Thailand. Another eight firms are not considered because they are in financial industry.
Thus, our final samples consisted of 72 firms as top100 firms as 216 firms-years of
observations during period being study.

During data collection, board characteristics and carbon emissions’ reporting are collected
from the corporate annual reports of top100 firms during 2020 to 2022. The SET Security
Market Analysis and Reporting Tool (SETSMART), which is the database of SET, is also used
to collect data of all variables. There are three main groups of variables used in this study which
include board characteristics, carbon emissions’ reporting and corporate characteristics. Board
gender diversity is measured by the proportion of female board on total board (Rjiba &
Thavaharan, 2022), while board size is measured by natural logarithm of number of board
member (Le, Pham, Tran, Dang, & Duong, 2024). CEO duality is a dummy setting to one if
CEOQ is also a chairman of the board and zero otherwise. Proportion of independent directors
on board is used to be a proxy of independent board, and the natural logarithm of average board
tenure is a proxy of board tenure. Carbon emissions are proxied by the natural logarithm of the
level of carbon emissions scaled by total revenue. The proxy of carbon emissions is measure by
natural logarithm of the level of carbon emissions scaled by total revenue that has been used by
the previous related studies such as Cheung and Lai (2022), Konada et al. (2022), Kyaw et al.
(2022), Luu, Nguyen, Tran, and Ho (2026) and Thanthanongsakkun, Treepongkaruna, and
Jiraporn (2022). Moreover, the variable measurement of carbon emission can reduce skewness
especially, if distributions are non-normal. Finally, there are some control variables from
corporate characteristics used in this study. Table 1 indicates the variables’ measurements and
notations.

Table 1. Variable definitions

Variables Definition

Carbon Natural logarithm of the level of carbon emissions scaled by total revenue

Female Proportion of female board on total board member

InBsize Natural logarithm of number of board member

CEO Duality A dummy variable setting to one if CEO is also a chairman of the board and zero otherwise

Bind Proportion of independent directors on board

Btenure Natural logarithm of average board tenure

InQ Natural logarithm of ratio of (total assets + market capitalization —total equity) to book value
of total assets

Firm size Natural logarithm of total assets

Leverage Total debt divided by book value of total assets

Cash holdings Cash divided by total assets

Investments Capital expenditure divided by total assets

Firm age Natural logarithm of firm age

Dividends Dividends divided by total assets

Asset Ratio of net income and depreciation to total assets

Utilization

Industry Fixed Effect

Year Fixed Effect
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To explore the impact of board characteristics on carbon emissions, the study first estimates
the fixed effect pooled regression below where standard errors are clustered by firms:

Carbon Intensity;, = p, + p,Female;, + p,LnBsize;, + ZﬂjComrolu + €

In data analysis subsection, the panel regression analysis is used to test the impact of board
characteristics on carbon emissions, while robustness test by two-stage least squares
instrumental variable approach (2SLS-IV) is used to mitigate the endogeneity issue (Duong,
Truong, Huynh, Tran, & Nguyen, 2026). This is because endogeneity leads to biased and
inconsistent parameter estimates, making reliable inference virtually impossible. Therefore,
2SLS is used to test omitted variables, reverse causality and measurement errors are three
sources of the issue to solve the endogeneity problem. In estimating our 2SLS-IV, each
endogenous board characteristic, being female and board size in our case, is first regressed on
the excluded instrument(s) and all exogenous controls, including industry and year fixed
effects. The resulting fitted values are then used in the second-stage carbon emission
regression. Following standard IV practice, no instrumented endogenous variable was
included as a regressor in the first-stage equations.

4. Results and discussion

To examine the possible impact of board characteristics on carbon emissions, 216 firms-years
of top100 firms in Thailand during 2020 to 2022 are used as samples in this study. Although the
number of samples seems small, several previous related studies can use small numbers of
sample in Thailand such as 147 firms-years (Treepongkaruna & Suttipun, 2022), 250 firms-
years (Suttipun & Yordudom, 2022) and 114 firms-years (Suttipun, 2022). Therefore, numbers
of sample in this study are enough to consider and tested. Table 2 reports summary statistics of
all variables in our study. While carbon intensity (Carbon Emission) is used as our dependent
variables, two main independent variables in our study are female board and board size.
We also control for other governance variables such as CEO duality, independent board, board
tenure and other firm attributes. The natural logarithm of the level of carbon emissions scaled
by total revenue is —6.5159. In terms of carbon emissions, the average of carbon emissions of
top100 firms in Thailand has been increased from 267,039.539 kilo-ton carbon in 2020 to 411,
459.288 kilo-ton carbon in 2021, and 411,573.322 kilo-ton carbon in 2022. COVID-19 can
affect the increase of carbon emissions in Thailand because any countries around the world are

Table 2. Descriptive statistics

N Mean SD Min Max
Carbon emissions 216 —6.5159 3.6588 —18.92 —0.5989
Female 216 0.0835 0.0900 0 0.4
InBsize 216 2.4299 0.2500 1.7918 3.3673
Duality 216 0.2258 0.4191 0 1
Bind 216 0.4558 0.1118 0.2857 0.7692
Btenure 216 1.6996 0.7180 —0.7538 2.7804
InQ 21 —0.6008 0.3576 —1.8192 —0.0944
Firm size 216 18.29 1.2496 15.30 21.94
Firm size (squared) 216 336.20 46.05 234.07 481.22
Leverage 216 0.4018 0.1968 0.0004 0.7784
Cash holdings 216 0.0782 0.0742 1.77E—05 0.5601
Investments 216 4.2987 4.0665 0 24.13
Firm age 216 3.2116 0.7261 0 4.6913
Dividends 216 0.0358 0.0479 0 0.3372
Asset utilization 216 0.0874 0.0777 —0.0731 0.4903
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shut down during 2019 to 2020, therefore, carbon emissions drop down from production
process. However, since 2021, Thailand as product producer’s country increase carbon
emissions due to higher production and export (Suttipun et al., 2026). In terms of board size,
we find 11.7349 average board committees in top100 Thai firms that is under the regulation
what the Stock Exchange of Thailand has set boars committee’s range between 5 to 12 board
committees. The result is similar with Gonzalez, Guzman, Pablo, and Trujillo (2019) who find
that the average number of boards is about 11 for Thai listed companies. In terms of
independent board, we find 0.4558 time of proportion of independent directors on total board
(SD = 0.1118). The result of proportion of independent committee on board in this study is still
under the regulation where the Stock Exchange of Thailand (SET, 2022) announces for listed
firms in Thailand to have one third proportion of independent board including at least three
independent boards. In terms of female board, we find 0.2161 as proportion of female board on
total board. However, although the maximum proportion of female board is 91% of total board,
and number of female boards tends to increase in Thailand, the result is not consistent with
Konrad, Kramer, and Erkut (2008) finding that at least three female boards can make different
in the boardroom known as the magic of three because the average of female board in Thailand
is 2.5359. Finally, an average of board tenure is 1.6996 (SD = 0.7180).

Table 3 indicates to check whether all variables used in this study will not provide
multicollinearity problem on the data analysis. Therefore, correlation matrix is used to test for
multicollinearity problem between all variables. The results indicate that the Pearson
correlation was 0.475 as correlation between firm size and InBsize, while the multicollinearity
problem has started from 0.700 (Yoon, Lee, & Byun, 2018).

Table 4 reports estimation results from our baseline fixed effect pooled regression where
carbon emissions are our dependent variable and board characteristics (e.g. board gender
diversity, board size, CEO duality, independent board and board tenure) are our
independent variables. Hausman test indicates that the most appropriated panel data
analysis used in this study is fixed effected model (FEM). It is because individual effects
have correlation with independent variables. During the model 1 to 4, the adjust R-squares
were during 0.132 to 0.233. Moreover, max variance inflation factor (VIF) of four models
is under 10 that the model 1 indicates 1.000 as the max VIF, while the model 2 indicates
1.784 as the max VIF, the model 3 shows 1.166 as the max VIF and the model 4 indicates
2.369 as the max VIF. Therefore, the max VIF should not exceed 10.00 (Yoon et al., 2018)
and the variables used in this study did not have a multicollinearity problem. We find
consistent finding that firms with board gender diversity can reduce carbon emissions. This
finding is consistent with Alfi et al. (2025), Rjiba and Thavaharan (2022), Kyaw et al.
(2022), Nuber and Velte (2021), Garcia Martin and Herrero (2020), Tingbani et al. (2020)
and Haque (2017). This is because board gender diversity is a good mechanism to meet
social expectations, and stakeholder demands facilitating easier access for strategic
resources. It can increase pressure to reduce corporate negative environmental impact
including carbon emissions to meet stakeholder demands and social expectations
demonstrating commitments to greater accountability which help to obtain access to
resources by gaining the support of influential stakeholders. In Thai context, female board
is chosen to consider more on corporate social and environmental impact and
responsibility, while male board is worked more on corporate economic development
and management (Suttipun et al., 2026; Suttipun, 2021). Moreover, as family ownership
structure in Thailand, female board can play as important roles for corporate environmental
management including sustainable development (Khanna & Palepu, 2000).

Furthermore, consistent with social identity theory and attention/busyness theory
hypothesis, the study finds that board size is positively related with corporate carbon
emissions. The finding is consistent with Cheung and Lai (2022) who find a positive impact of
board size on carbon emission of US firms. It is because the larger board size can become a
hindrance to strategic initiatives and actions (Cerbioni & Parbonetti, 2007). Moreover, large
boards may underperform compared with smaller boards that allow for faster move and
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Table 3. Correlation matrix

Variables Carbon Female InBsize Duality Bindepend Btenure InQ Firm size Leverage Cash holdings Investments Firmage Dividends

Carbon 1 - - - - - - - - - - - -

Female —-0.160 1 - - - - - - - - - - -

InBsize 0.248 —-0.002 1 - - - - - - - - - -

Duality —0.051 0.109 -0.207 1 - - - - - - - - -

Bindepend 0.008 0.057 —0.006 —-0.134 1 - - - - - - - -

Btenure —0.127 —-0.221 —0.246 0.245 —0.423 1 - - - - - - -

InQ —0.019 —0.202 0.126 0.017 0.028 0.114 1 - - - - - -

Firm size 0.173 —0.196 0.475 —0.216 0.338 —0.386  0.406 1 - - - - -

Leverage 0.010 —0.166  0.045 0.066 —0.091 0.028 0.816 0.285 1 - - - -

Cash —0.082 0.264 0.069 0.020 —0.003 —0.165 —0.274 —0.148 —0.359 1 - - -

holdings

Investments  0.124 0.118 0.067 0.019 0.028 —0.086 —0.210 —0.027 —0.191 0.403 1 - -

Firm age 0.058 —0.060 —0.002 0.079 —0.059 0.213 —0.045 0.078 —0.126 0.004 0.042 1 -

Dividends —0.143  0.385 —-0.005 -0.115 -0.171 —0.027 —-0.548 —0.376 —0.528 0.340 0.209 0.063 1

Asset —0.128 0.294 —0.030 —0.050 —0.188 0.047 —0.494 —0.370 —0.567 0.492 0.386 0.037 0.729

utilization
>
os]
>
@)
S

o E
& B
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Table 4. Board characteristics and carbon emissions — fixed effect pooled regression

©) @) ®) “
Female Bsize Allboards AllControls
Female —7.6703%* —8.5850%* —7.1287%*
(—2.358) (—2.425) (—2.006)
InBsize 2.0122%* 1.6460* 1.9817%**
(2.279) (1.817) (2.110)
Duality —0.0696 —0.3490
(—0.135) (—0.677)
Bind —0.6383 —1.0972
(—0.243) (—0.414)
Btenure —0.6405 —0.5798
(—1.363) (—1.151)
InQ —2.0473
(—1.557)
Firm size —15.3702%**
(—3.948)
Firm size (squared) 0.41071%**
(3.910)
Leverage 0.7085
(0.243)
Cash holdings —11.4495%*
(—2.059)
Investments 0.0724
(0.991)
Firm age 0.5575**
(1.998)
Dividends —11.0071%*
(—1.985)
Asset utilization —4.9088
(—1.080)
Constant —5.8752%%%* —11.4054%*%** —8.4030%** 132.2428***
(—20.933) (—5.170) (—2.980) (3.626)
Observations 216 216 216 216
Industry FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Adj R-squared 0.150 0.132 0.160 0.232

Note(s): *** is significant at 0.01 level, ** is significant at 0.05 level and * is significant at 0.10 level

decision-making and better monitoring functions (Goud, 2022; Orozco et al., 2018). The last
reason of positive relationship between board size and carbon emission is that the data is
collected from top100 listed firms in Thailand during COVID-19 era that all firms must focus
on survival and economic perspective rather than environmental and social impacts and
responsibilities. In terms of the others board characteristics, the study no correlation between
CEO duality, board tenure, independent board and corporate carbon emissions.

In terms of connection between corporate characteristics and carbon emissions, the
result of positive correlation between firm size and carbon emissions is consistent with
Subramaniam et al. (2023) and Garcia-Sanchez et al. (2019). It is because larger firms can
afford to spend more carbon emissions compared with the smaller firms (Subramaniam
et al., 2023). In addition, from agency theory, information asymmetries tend to be stronger
in larger firms, compelling them to provide more environmental performance including
carbon emissions than do smaller firms to reduce agency costs (Garcia-Sanchez et al.,
2019). The positive relationship between firm age and corporate carbon emissions of the
study’s result is consistent with Miah, Hasan, and Usman (2021) who find positive
correlation between firm age and carbon emissions of listed companies in emerging
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economic countries. This may be because older firms focus on economic development and
perspective rather than environmental impact and responsibility compared with
younger firms.

Hausman test X* = 0.132-0.232 (P < 0.001) confirms fixed effect is appropriate, and
maximize VIF = 1.000-2.369 which is well below 10, indicating no multicollinearity
concerns.

The connection of board and carbon emissions, attempting to explain the causes and effects
of financial decision, often suffers from endogeneity topics. Endogeneity leads to biased and
inconsistent parameter estimates, making reliable inference virtually impossible. Omitted
variables, reverse causality and measurement errors are three sources of the issue. Therefore,
the study uses the two-stage least squares instrumental variable (2SLS) regression to mitigate
the endogeneity issue. The study follows existing literatures and uses the earliest year on
female board and board size as the instrumental variables. As the results, the chosen
instrumental variable meets both relevance and exclusion restriction assumptions underlying
the two-stage least squares instrumental variable regression.

Table 5 presents the results of the robustness analysis using the two-stage least squares
instrumental variable (2SLS-IV) approach. Panel A reports the estimation in which female
board representation is treated as the endogenous variable, while Panel B reports the
estimation in which board size (InBsize) is treated as the endogenous variable. In each panel,
Column 1 presents the first-stage results and Column 2 presents the second-stage results. The
first-stage results show that the instrumental variables are positively associated with their
respective endogenous variables and are statistically significant at the 1% level. The first-stage
F-statistics are 316.8 for the female board model and 656.5 for the board size model, both of
which are well above the conventional threshold of 10. This finding indicates that the
instruments are sufficiently strong and that weak-instrument concerns are unlikely to affect the
validity of the 2SLS estimates.

The second-stage results indicate that the instrumented female board variable is negatively
and significantly associated with carbon emissions (§ = —11.6132, p < 0.01), whereas the
instrumented board size variable is positively and significantly associated with carbon
emissions (p = 3.5168, p < 0.01). These findings are consistent with the main results and
suggest that greater female board representation reduces carbon emissions, while larger board
size increases carbon emissions. Overall, the results remain robust after accounting for
potential endogeneity through the 2SLS-IV estimation.

5. Conclusions and suggestion for future study

To answer whether there are the influences of female board (board gender diversity) and
board size on corporate carbon emissions of Top100 Thai listed companies during 2020 to
2022, this study finds interesting results. Although there is a negative impact of female board
on carbon emissions, board size has positive correlation with corporate carbon emission. The
results indicate that the board gender diversity tends to reduce quantity of corporate carbon
emissions, while the larger board size tends to increase the carbon emission. On the other
variables, this study also finds that there is positive relationship between firm size, firm age
and carbon emissions, while the carbon emissions are negatively influenced by cash holding
and dividend.

This study finding provides several contributions and implications. In terms of theoretical
contributions, firstly, social role theories such as agency, stakeholder and legitimacy theories
can be demonstrated to explain the negative impact of board gender diversity on corporate
carbon emissions because having board gender diversity to decrease agency costs and conflicts
of interest between top-management and shareholders, as well as to satisfy corporate
stakeholder demands and social expectations. This is because board of director, which female
board and board size are used to test in this study, is expected to monitor corporate actions and
activities to reduce information asymmetries and conflicts of interest between top-
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ABACJ Table 5. Robustness test — 2SLS-IV

46’ 3 Panel A: Female board representation is treated as the endogenous variable. The instrument is the proportion of
female board in the firm’s first sample year
) @
Female
1st stage 2nd stage
138 Instruments 0.8171%**
(17.800)
Female (Instrumented) —11.6132%%*
(=3.273)
InBsize —0.0090 2.3729**
(—0.566) (2.349)
Duality —0.0066 0.9800*
(—0.713) (1.705)
Bind 0.0362 —3.1475
(0.971) (~1.332)
Btenure 0.0004 0.1014
(0.063) (0.252)
InQ —0.0017 —1.6472
(—0.082) (—1.255)
Firm size 0.0230 —9.2726%*
(0.347) (=2.212)
Firm size (squared) —0.0006 0.2611%**
(—0.349) (2.325)
Leverage 0.0173 —1.8461
(0.411) (—0.693)
Cash holdings —0.1079* —16.5876%**
(—1.726) (—4.224)
Investments 0.0002 0.0399
(0.187) (0.646)
Firm age 0.0035 0.5021
(0.718) (1.624)
Dividends —0.1492 —8.5298
(—1.396) (—1.271)
Asset utilization 0.0940 1.5203
(1.340) (0.341)
Constant —0.1625 73.0061*
(—0.261) (1.856)
Observations 216 216
Industry FE Yes Yes
Year FE Yes Yes
Adj R-squared 0.799 0.422
IV F-stat 316.8
Durbin pval 0.0310

Panel B: Board size is treated as the endogenous variable. The instrument is board size in the firm’s first sample

year
M @
Board size (In)
1st stage 2nd stage
Instruments 0.8950***
(25.622)
InBsize (Instrumented) 3.5168***
(3.094)

(continued)
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Table 5. Continued ABAC Journal

Panel B: Board size is treated as the endogenous variable. The instrument is board size in the firm’s first sample

year
6) @
Board size (In)
1st stage 2nd stage
Female —0.0829 —6.8831** 139
(—0.858) (—2.442)
Duality 0.0183 0.7669
(0.949) (1.368)
Bind —0.2230%** —2.8930
(—2.806) (—1.223)
Btenure —0.0184 0.3050
(—1.364) (0.769)
InQ 0.0518 —1.2947
(1.157) (—0.996)
Firm size 0.0577 —9.6266**
(0.402) (—2.305)
Firm size (squared) —0.0014 0.2684**
(—0.367) (2.399)
Leverage —0.1658* —2.3400
(—1.827) (—0.886)
Cash holdings 0.2596* —16.7282%**
(1.931) (—4.274)
Investments 0.0008 0.0280
(0.370) (0.455)
Firm age —0.0067 0.5051
(—0.630) (1.639)
Dividends 0.1930 —9.3229
(0.842) (—1.393)
Asset utilization —0.2666* 0.6971
(—1.744) (0.157)
Constant —0.1186 73.8675*
(—0.088) (1.884)
Observations 216 216
Industry FE Yes Yes
Year FE Yes Yes
Adj R-squared 0.879 0.426
IV F-stat 656.5
Durbin pval 0.0429

Note(s): *** is significant at 0.01 level, ** is significant at 0.05 level and * is significant at 0.10 level

management and shareholders and to satisfy social expectations and stakeholder demands.
Thus, quality of female board and board size is important to force top-management providing
corporate carbon emissions. Secondly, the study contributes to literature on environmental
performance represented by carbon emissions that there are a few studies. Finally, the finding
of this study can clarify to Thailand 2050 Carbon Neutrality Goal. In terms of practical
contributions and implications, the result can guide for the corporations which should increase
board gender diversity because female board will improve good relationship between
corporations and stakeholders and between corporations and societies. The corporations
should have board of director who tends to serve and satisfy social expectations and
stakeholder demands and to reduce agency costs and conflicts of interest. In addition, quality
of board is more important that quantity of board in terms of time management, change
management and environmental management. Academics and researchers can benefit from
this study’s findings because machine learning and textual analysis can be employed to extract
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useful data on corporate governance. These techniques can be applied in future study and
represent promising tools that should generate a great deal of interest in the future. Next, from
the governance setters’ perspective, regulation of corporate board composition should be set to
improve quality of board of director and increase board gender diversity. This is because
availability of qualified female board in Thai economic market would make the advice much
more realistic and useful for both policymakers and investors.

However, three limitations need to be mentioned in this study. First, the study focused only
on board gender diversity and board size, which are parts of board composition; however, there
are many proxies of board composition such as board meeting, board experience, board turner,
and non-managerial board. Second, the study tests only the impacts of board gender diversity
and board size on corporate carbon emissions, while the effect of carbon emissions on
corporate outcomes is not tested yet. Next, there are the other variable’s measurement
especially female board as a dummy variable of at least one female board on total board and the
otherwise, but this study picks up only the proportion of female board on total board. Finally,
using top100 firms within three years in Thailand can be mentioned as limitation because the
larger firms often have more resource and face more public pressure to be “green” than smaller
firms; therefore, the future study will examine the effect of another proxies of board
composition and female CEO on corporate carbon emission and reduction of all listed firms in
Thailand during longer-term period as five years or more as well as the influence of carbon
emission on corporate outcomes of Thai listed companies from both main and alternative
capital markets.
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