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A B S T R A C T   

The present study investigates the impact of board characteristics on environmentally friendly production. The 
current research uses secondary data extracted from the Refinitiv Eikon database. The data is extracted from the 
database for a sample of 8094 corporates from 2 continents, Asia and Europe, from 2016 to 2021. Panel data 
analysis with fixed effect models is used to estimate the results. The findings reveal that board size, indepen-
dence, and industry expertise significantly impact environmentally friendly production. The results also indicate 
that board diversity correlates positively with environmentally friendly production in European corporates but 
negatively in Asian corporates. Findings show that the moderating role of environmental teams has a greater 
interaction effect with board characteristics in Europe than in Asia. Finally, the results also show that higher 
environmental performance and environmental, social, and governance scores lead to higher levels of envi-
ronmentally friendly production. The study has valuable insights and implications for board members, practi-
tioners, academicians, and policymakers. Further, the study contributes to the strand literature by investigating 
the role of environmental teams on the relationship between board characteristics and environmentally friendly 
production. The findings are supported by agency, legitimacy, and stakeholder theories, which contribute to a 
better understanding of the relationship between board characteristics and environmentally friendly production. 
The evidence about this issue is still unknown and critical, particularly in the context of developing countries 
where there is a lack of regulatory enforcement related to environmental, social, and governance disclosures.   

1. Introduction 

Growing concerns about environmental sustainability have resulted 
in a plethora of environmental regulations (Homroy and Slechten, 
2016). Environmental degradation caused by unfriendly production 
puts pressure on the environment and impedes environmental sustain-
ability. One way to hinder this impact is by reducing production patterns 
from unfriendly to environmentally-friendly (Wijekoon and Sabri, 
2021). Environmentally friendly production (EFP) is a critical issue 
motivated by the concern of increasing environmental deterioration. 
EFP entails incorporating environmental considerations into several 
aspects of product design, material selection, production processes, 
consumer delivery and support, and product end-of-life management 
after its useful life has ended (Ghodrati et al., 2016). Though production 

systems generate material wealth for humans, a great number of re-
sources are consumed while producing a large amount of waste. Thus, 
minimizing resource consumption and decreasing the environmental 
influence of manufacturing systems has become increasingly important 
(Posinasetti, 2018). Therefore, it is critical that manufacturing firms 
seek EFP on their part. 

Many studies have paid great attention to environmental issues and 
have discussed environmental governance from different aspects. For 
example, Ezhilarasi (2019) and Corvino et al. (2020) discussed the 
impact of corporate governance (CG) on environmental disclosure. 
Similarly, Dixon-Fowler et al. (2017) explored the role of board com-
mittees in corporate environmental performance. In the same context, 
Oware and Awunyo-Vitor (2021) examined the effect of chief executive 
officer characteristics on environmental disclosure. Likewise, Biçer and 

* Corresponding author. 
E-mail addresses: faozi@umt.edu.my (F.A. Almaqtari), tamer.elsheikh@com.kfs.edu.eg (T. Elsheikh), hattamihamood@gmail.com (H.M. Al-Hattami), nandita. 

mishra@liu.se (N. Mishra).  

Contents lists available at ScienceDirect 

Journal of Cleaner Production 

journal homepage: www.elsevier.com/locate/jclepro 

https://doi.org/10.1016/j.jclepro.2023.136257 
Received 3 October 2022; Received in revised form 2 January 2023; Accepted 29 January 2023   

mailto:faozi@umt.edu.my
mailto:tamer.elsheikh@com.kfs.edu.eg
mailto:hattamihamood@gmail.com
mailto:nandita.mishra@liu.se
mailto:nandita.mishra@liu.se
www.sciencedirect.com/science/journal/09596526
https://www.elsevier.com/locate/jclepro
https://doi.org/10.1016/j.jclepro.2023.136257
https://doi.org/10.1016/j.jclepro.2023.136257
https://doi.org/10.1016/j.jclepro.2023.136257
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jclepro.2023.136257&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Journal of Cleaner Production 392 (2023) 136257

2

Feneir (2019) explored the influence of audit committee attributes on 
environmental and social disclosures. Meanwhile, Jacoby et al. (2019) 
investigated how internal CG impacts environmental information 
transparency. In the same vein, Gerged et al. (2021a,b) highlighted the 
effect of country-level governance quality on environmental disclosure, 
while Moalla et al. (2021) studied the association between CG and the 
quality of environmental reporting. Finally, Lai and Sohail (2022) 
debated the influence of CG on green investment and environmental 
innovation. They concluded that CG positively impacts green invest-
ment and innovation in China. On the other hand, other studies have 
examined the influence of corporate board characteristics on environ-
mental issues, such as environmental disclosure (Khaireddine et al., 
2020; Rabi, 2021; Kilincarslan et al., 2020; Campanella et al., 2021), 
environmental disclosure quantity (Ofoegbu et al., 2018), environ-
mental performance (De Villiers et al., 2011; García Martín and Herrero, 
2020; Khan et al., 2021; Nguyen and Thanh, 2021; Kumari et al., 2022), 
environmental sustainability performance (Peng and Zhang, 2022), 
environmental accounting information disclosure (Agyemang et al., 
2020), environmental reporting (Aliyu, 2019), environmental sustain-
ability reporting performance (Masud et al., 2018), and environmental 
innovation (Farza et al., 2022). All these studies have generally 
emphasized the importance and role of CG, including board character-
istics, in promoting environmental issues. This is due to the fact that 
sustainability issues, including environmental, corporate social re-
sponsibility (CSR), and governance issues, depend on several factors, 
such as social, institutional, and legal. Recently, customer awareness of 
environmental issues has been increasing, which has increased institu-
tional pressure on companies to be environmentally conscious (Fargnoli 
et al., 2013). The majority of nations have now released good gover-
nance guidelines for environmental sustainability (Homroy and 
Slechten, 2016). Furthermore, environmental laws have been estab-
lished as a component of the legal landscape in the world’s developed 
and industrialized countries and many developing countries (Speight, 
2016). Accordingly, most of the industrial products on the market today 
have received a certain improvement from the environmental point of 
view because of guidelines, legal obligations, and customer expecta-
tions, as stressed by Fargnoli et al. (2013). 

Yet, there is still a research gap regarding how board characteristics 
affect EFP, which has been largely ignored. Hence, studying such an 
impact would fill this research gap and enhance our knowledge of the 
governance mechanism that businesses are increasingly employing to 
respond to environmental concerns. This study aims at providing insight 
into the impact of board characteristics on EFP. The current paper ar-
gues that in order to comprehend environmental production gover-
nance, we should comprehend the role of board characteristics and 
improve the levels of non-financial information disclosures represented 
by ESG issues. Another aim and scope of this research are to investigate 
whether environmental teams’ presence and higher scores can 
strengthen board effectiveness to increase EFP levels. This study 
significantly contributes to the environmental governance literature. For 
the first time, this research examines the impact of board characteristics 
on EFP. Thus, it broadens the research in environmental governance by 
providing empirical evidence for the role of board characteristics in 
promoting EFP. There is no empirical research comparing Asia and 
Europe within the framework of the impact of board characteristics on 
EFP. In addition, the considered period from 2016 to 2021 is critical as it 
can be affected by many international initiatives related to climate 
change. Therefore, this research documents its unique contribution, 
which will augment contemporary literature. Indeed, it adds to empir-
ical literature related to EFP and board characteristics in developed and 
developing countries. Despite the fact that research studies document 
EFP (Cheah and Phau, 2011; Ding et al., 2014; Felix et al., 2022; Hart-
mann et al., 2018; Haws et al., 2014; Kim and Seock, 2019; Kurane, 
1997; Laroche et al., 2001; Li et al., 2018; Marakanon and Pan-
jakajornsak, 2017; Moser, 2016; Qiao and Dowell, 2022; Roozen, 1997; 
Shim et al., 2018; Trivedi et al., 2015; Yan and Hu, 2022) however, these 

studies explored this issue either from a consumer perspective or some 
other pure environmental issues. Thus, this research work assesses how 
certain board characteristics may contribute to EFP in developed and 
developing countries. Evidence from prior research related to environ-
mental and sustainability issues carried out in developed countries may 
be less relevant for emerging countries (Behl et al., 2021; Deswanto and 
Siregar, 2018; Khlif et al., 2015; Yu and Luu, 2021). It is argued that in 
emerging markets with different cultural, regulatory, governance, and 
institutional contexts, voluntary compliance with CG codes will differ 
from what has been observed in developed countries (Al-Bassam et al., 
2015). This is due to that sustainability issues, including environmental, 
CSR, and governance issues, depend on several factors, such as legal, 
institutional, and social, which are shaped by country-level governance 
elements (Kostka and Nahm, 2017; Matuszak and Różańska, 2021). 

The current research relies on Refinitiv Eikon database based on a 
sample from two continents, Asia and Europe, for the period from 2016 
up to 2021. This study employs a sample of 8094 companies distributed 
as 5141 from Asia and 2953 from Europe. The present study utilizes 
panel data analysis with fixed-effect models to estimate the results. 
Moreover, several additional, sensitivity, and robustness tests are esti-
mated using sub-samples and different statistical tools to ensure rigorous 
estimation. The results reveal that board characteristics associate 
significantly and positively with the level of EFP. Furthermore, the re-
sults indicate that the presence of environmental teams strengthens the 
relationship between board effectiveness and EFP. Overall, the results 
remain robust and consistent across the different analysis settings. 

This research is divided as follows: It begins with the introduction, 
then a literature review and hypotheses development. Thereafter, it 
provides the methodology, then analysis and discussion. Section 5 re-
ports the conclusion and implications. Finally, the conclusion is pre-
sented in Section 6. 

2. Literature review and hypotheses development 

As identified in the prior section, companies are under growing 
pressure to be environmentally responsible, and many countries have 
now released good governance guidelines and laws for environmental 
sustainability (Homroy and Slechten, 2016; Fargnoli et al., 2018). 
However, there needs to be more research on internalizing these pres-
sures or how board characteristics affect EFP. In this study, we look at 
how board characteristics affect EFP. The determinant variables include 
six board characteristics which are: board size, board independence, 
board diligence, board expertise, board diversity, and board tenure. The 
study also used the environmental teams and ESG performance. 
Accordingly, the study developed a research framework that illustrates 
the pathways of the relationship between board characteristics and EFP. 

2.1. Board size 

The board size refers to the number of inside and outside directors 
who serve on a corporate board (Khaireddine et al., 2020). Board size is 
a significant determinant of board effectiveness (Okere et al., 2021), 
likely affecting different aspects of businesses. Several studies reveal 
that board size impacts environmental issues (De Villiers et al., 2011; 
Liao et al., 2015; Khaireddine et al., 2020; Pucheta-Martínez and Gal-
lego-Álvarez, 2019; Ofoegbu et al., 2018; Agyemang et al., 2020; Aliyu, 
2019; Nguyen et al., 2021; Elsheikh et al., 2022a,b). Similarly, Agye-
mang et al. (2020) investigated the impact of board characteristics on 
environmental accounting information disclosure. They found that 
board size positively affects environmental information disclosure de-
gree. Rabi (2021) and Kumari et al. (2022) also confirmed the positive 
role of board size in environmental disclosure and environmental per-
formance, respectively. Further, prior studies provide evidence of a 
positive and significant linkage between board size and ESG perfor-
mance (Aksoy et al., 2020; Birindelli et al., 2018; Chams and 
García-Blandón, 2019; Husted and Sousa-Filho, 2019). In this regard, it 
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is reported that better ESG practices and enhanced ESG performance are 
linked with greater board size. This is because a larger board size is 
considered more effective in terms of diversity, responsibility allocation, 
and workload, thus, better stakeholder representation (Cheng and 
Courtenay, 2006; Jizi et al., 2013). Moreover, the larger board size and 
the existence of a sustainability committee are significantly and posi-
tively linked with environmental disclosures (Kumari et al., 2022). 
Accordingly, a larger board size is more representative of stakeholders 
(Jizi et al., 2013) and more conscious and effective in compliance with 
environmental responsibilities (Kumari et al., 2022). Therefore, larger 
boards are expected to be more linked to environmental disclosures and 
protection, including environmentally friendly production. Based on 
this background, we formulate the following hypothesis. 

H1. Board size associates positively and significantly with EFP 

2.2. Board independence 

It is widely acknowledged that a board with a higher percentage of 
independent directors can more efficiently monitor management (Liao 
et al., 2015). Boards with a higher proportion of independent directors 
put pressure on managers to disclose more information (Shamil et al., 
2014). In general, independent directors are viewed as authorities who 
can monitor and supervise the management and offer valuable recom-
mendations and counsel on environmental disclosure (Masud et al., 
2018; Ofoegbu et al., 2018; Khaireddine et al., 2020). Previous research 
has found an essential positive correlation between board independence 
and environmental issues, like performance, disclosure, and innovation 
(De Villiers et al., 2011; Khan et al., 2021; Ofoegbu et al., 2018; Farza 
et al., 2022; Almaqtari et al., 2022). Further, Aliyu (2019) found a sig-
nificant positive relationship between board independence and envi-
ronmental reporting. Meanwhile, there is a positive and significant 
association between board independence and environmental perfor-
mance; greater board independence contributes to the growth of a firm’s 
environmental sustainability (Ortiz-de-Mandojana et al., 2016). Several 
studies also report that environmental and corporate sustainability 
performance are positively and significantly linked with a higher pro-
portion of independent directors on the board (Aksoy et al., 2020; 
Husted and Sousa-Filho, 2019; Kumari et al., 2022). However, Nguyen 
et al. (2021) and Kumari et al. (2022) concluded an insignificant asso-
ciation between board independence and environmental performance. 
Among several board categories, independent directors are more likely 
to play a critical role in board effectiveness (Ammer et al., 2020). 
Accordingly, environmentally friendly products and environmental 
protection are more likely to be attained on board with a greater pro-
portion of independent directors. We propose that. 

H2. Board independence associates positively and significantly with 
EFP 

2.3. Board diligence 

Board diligence is one of the initiatives undertaken by the board to 
carry out its control function. It acts as a platform for experts to share 
their knowledge and information (Aliyu, 2019). In the context of envi-
ronmental issues, Khaireddine et al. (2020) conclude a positive rela-
tionship between board diligence and environmental disclosure. Aliyu 
(2019), Campanella et al. (2021), and Nguyen et al. (2021) also 
confirmed such a positive association. However, García Martín and 
Herrero (2020) hypothesized that a high and frequent meeting number 
is linked with improved environmental performance, but they did not 
support this hypothesis. Birindelli et al. (2018) consistently indicate that 
board meetings have an insignificant influence on ESG performance. 
Ofoegbu et al. (2018) also found that board meetings have no significant 
impact on the extent of environmental disclosure. However, Disli et al. 
(2022) reveal that frequently held board meetings contribute positively 
and significantly to reducing ESG controversies. In the same context, it is 

indicated that more frequent board meetings, larger boards, and a sus-
tainability committee are strongly and positively related to environ-
mental disclosure (Kumari et al., 2022). Accordingly, environmentally 
friendly production, environmental protection initiatives, and environ-
mental disclosures are expected to be served on boards with greater 
diligence. This is because frequent board meetings are considered better 
oversight and reflect board effectiveness (Birindelli et al., 2018). Thus, 
they are more likely to be linked with environmental issues in the board 
agenda. Therefore, the current study defends the positive association 
and develops the following proposition. 

H3. Board diligence associates positively and significantly with EFP 

2.4. Board expertise 

Board expertise is critical to achieving sound CG (Masud et al., 
2019). Masud et al. (2019) stated that the presence of experts on the 
board enhances the credibility of the disclosure process and significantly 
affects the disclosure of corporate corruption. Several studies have 
investigated the relationship between audit committee expertise and 
environmental issues (Bepari and Mollik, 2015; Pozzoli et al., 2022; 
Rupley et al., 2012; Shaukat et al., 2016). However, there is a dearth of 
studies that assess the relationship between board members’ expertise 
and environmental issues. Umukoro et al. (2019) found that the low 
experience of board executives on environmental issues leads to an 
insignificant impact on environmental sustainability reporting. Board 
and audit committee expertise is significantly and positively linked with 
ESG performance (Pozzoli et al., 2022). Shaukat et al. (2016) indicate 
that better environmental and social performance are associated with 
board members’ financial expertise. The level of corporates’ environ-
mental and social performance is strongly influenced by the board’s 
commitment to CSR strategy and orientation. Hillman and Dalziel 
(2003) consistently indicate that several critical significant functions of 
the board include providing expertise and consultancy, stakeholders 
representation, and enhancing legitimacy. As a result, board expertise is 
considered a critical factor in formulating strategic decisions, green 
initiatives, and environmental products. Homroy and Slechten (2019) 
showed that the market recognizes directors’ environmental compe-
tence. Through their advising roles, these directors significantly impact 
adopting effective corporate ethical practices, such as investing in green 
technologies. Based on this background, the following hypothesis has 
been developed. 

H4. Board expertise associates positively and significantly with EFP 

2.5. Board diversity 

Due to the traditional, cultural, and societal differences between men 
and women, gender is a very contentious aspect of board diversity (Liao 
et al., 2015; Elsheikh et al., 2022). Promoting gender diversity on boards 
continues to be a key topic in literature since having female directors on 
boards is crucial (Shamil et al., 2014). Numerous previous studies imply 
that women are generally more concerned than men about environ-
mental issues (Liao et al., 2015; Khaireddine et al., 2020; García Martín 
and Herrero, 2020; Farza et al., 2022). García Martín and Herrero 
(2020) reported that women on corporate boards positively impact 
environmental performance. A greater proportion of gender board di-
versity can influence a company’s sensitivity to social and environ-
mental issues (Birindelli et al., 2018). Several studies provide evidence 
that a greater proportion of women on the board are positively con-
nected with better sustainability and environmental performance 
(Al-Shaer and Zaman, 2016; Chams and García-Blandón, 2019; Disli 
et al., 2022). Female representation in the boardroom is significantly 
and positively linked with sustainability performance (Chams and 
García-Blandón, 2019). Contrarily, Kumari et al. (2022) and Onyali et al. 
(2022) found an insignificant impact, while Bøhren and Staubo (2014) 
revealed a negative impact. However, Ben-Amar et al. (2017) report that 
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female representation in the boardroom positively affects GHG emission 
voluntary disclosure levels and climate change-related strategies. 
Hence, the likelihood of better environmental performance and envi-
ronmentally friendly products increases with a greater proportion of 
female representation in the boardroom. As such, the following hy-
pothesis has been formulated. 

H5. Board diversity associates positively and significantly with EFP 

2.6. Board tenure 

Longer tenure as a director can be viewed as a source of reputation 
and organizational knowledge (De Villiers et al., 2011). Longer board 
tenure will result in promoted experience and knowledge of the corpo-
rate business environment, resulting in improving long-term strategy 
and policy for corporate sustainability (Handajani et al., 2014). 
Research on board tenure is still finite and provides contradictory evi-
dence (De Villiers et al., 2011; Deschênes et al., 2015; Handajani et al., 
2014). In particular, prior studies report mixed evidence on the rela-
tionship between board tenure and ESG issues (Bravo and 
Reguera-Alvarado, 2019; Cucari et al., 2018; Pozzoli et al., 2022; 
Setiany, 2018). For example, Pozzoli et al. (2022) indicated a negative 
and significant relationship between tenure and ESG performance. 
However, Cucari et al. (2018) discovered that board tenure does not 
affect ESG. In contrast, Bravo and Reguera-Alvarado (2019) reported 
that tenure is positively associated with the comprehension and rele-
vance of ESG disclosures. Setiany (2018) consistently advocates that the 
significant and inverse association between board tenure and ESG per-
formance confirms that long board tenure fosters familiarity, reducing 
control activities’ effectiveness. As a result, longer board tenure may 
undermine board members’ ability to be more familiar with better 
environmental performance and environmentally friendly products. 
Therefore, the following hypothesis has been formulated. 

H6. Board tenure associates positively and significantly with EFP 

2.7. Environmental teams 

Nowadays, firms appoint a specified team of the board to address 
environmental issues. This team’s purpose is to plan, carry out, and 
evaluate sustainability-related policies and initiatives (Liao et al., 2015). 
Many studies found a positive effect of environmental teams on envi-
ronmental performance (e.g., Dixon-Fowler et al., 2017; Peters and 
Romi, 2014). Meanwhile, a few researchers concluded that environ-
mental teams have an insignificant relationship with environmental 
performance (Masud et al., 2018). In our context, the environmental 
teams are expected to pay more proactive attention to EFP and thus will 
be more likely to comply with stakeholder requests for EFP-related 
disclosures. Accordingly, the absence of board expertise on environ-
mental and sustainability issues could be assisted by the existence of an 
environmental team. 

Prior sustainability and environmental issues have investigated the 
existence of sustainability committees rather than environmental teams. 
It is reported that the presence of a sustainability committee has a sig-
nificant and positive relationship with environmental disclosures 
(Kumari et al., 2022). The sustainability committee significantly impacts 
the firm’s environmental and social performance (Hussain et al., 2018). 
As a result, firms are encouraged to establish and empower sustain-
ability committees (Arayssi et al., 2020), which positively impacts ESG 
disclosures. In fact, the existence and function of a sustainability com-
mittee were debatable. Whether the role of the sustainability committee 
is to implement and adopt sustainable practices or is it simply a matter of 
the firm’s public image and reputation (Chams and García-Blandón, 
2019)? Environmental disclosures require effective monitoring, which 
can be accomplished through the board’s focused approach in the form 
of specialized committees, such as the sustainability committee or 
environmental committee (Kumari et al., 2022). The presence of a 

sustainability committee is associated with a higher environmental 
disclosure score. As a result, the firm’s environmental strategy will be 
improved by a dedicated sustainability committee that will enhance 
awareness and improves disclosure levels. In the pursuit of achieving a 
balance between profit maximization and environmental concerns, a 
sustainability committee avoids board oversight tendencies and con-
flicting expectations of various stakeholders. As a result, the existence of 
a sustainability committee indicates a greater willingness towards more 
and better environmental performance (Kumari et al., 2022). The for-
mation of a board-level sustainability committee can be viewed as an 
effective monitoring tool for ensuring the quality of the stakeholder 
engagement process and improving the range of sustainability disclo-
sures, such as product safety and environmental health (Michelon and 
Parbonetti, 2012). As such, this study hypothesizes that. 

H7. Environmental teams associate positively and significantly with 
EFP 

H8. There is a significant moderation effect of environmental teams on 
the relationship between board characteristics EFP 

2.8. Environmental, social, and governance (ESG) performance 

Performance in terms of ESG has gained popularity in recent years. 
Globally, firms adopt ESG measures to remain competitive in the dy-
namic environment (Yadav and Prashar, 2022). Firms that consider ESG 
measures when making decisions will be cautious of a set of things at the 
forefront of its environmental aspects. For example, when launching 
fresh products and services on the market, they must minimize any 
detrimental effect on the environment while aligning their strategic 
objectives with the community’s needs. This can ultimately assist them 
in gaining a competitive advantage (Zaman and Ellili, 2022). Prior 
studies revealed that ESG performance boosts positive corporation 
values toward environmental issues (García Martín and Herrero, 2020; 
Chang et al., 2021). Accordingly, we propose that corporates with better 
and higher ESG performance will likely have EFP. Based on the pre-
ceding discussion, the following hypothesis has been proposed. 

H9. Companies with better ESG performance have EFP 

3. Methodology 

This section describes the empirical research design and methodol-
ogy followed in assessing the association between board characteristics, 
environmental teams, and EFP. Due to the complex and comprehensive 
nature of governance and ESG issues, prior studies followed multi-
criteria approaches in this regard (Escrig-Olmedo et al., 2017; Garcia 
et al., 2017; Husted and Sousa-Filho, 2017; Liu et al., 2022; Ortas et al., 
2015; Pozzoli et al., 2022, 2022, 2022; Tseng et al., 2020; Yuan et al., 
2022). However, the majority of prior studies that investigate EFP, ESG 
issues, and governance practices follow a panel data analysis approach 
(Alrashidi et al., 2021; Hussain et al., 2018; Khaoula and Moez, 2019; 
Roozen, 1997; Van Hoang et al., 2021; Wong et al., 2021). More spe-
cifically, when multi countries are investigated, panel data analysis is 
the appropriate approach to estimate the results (Cremona and Passa-
dor, 2019; Husted and Sousa-Filho, 2017; Khaoula and Moez, 2019; 
Almaqtari et al., 2022). Accordingly, the description of the sample used, 
the variables investigated, and the econometric tools used by the current 
study are provided in the following sub-section. 

3.1. Data collection and sampling 

The current research relies on secondary data extracted from the 
Refinitiv Eikon database. The “Refinitiv Database (also known as Refi-
nitiv Eikon and hosted by Thomson Reuters)" is a globally trusted data 
source that provides wide and comprehensive details for financial and 
non-financial variables, including ESG issues. The Database also 
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provides a detailed and comprehensive approach for scoring ESG di-
mensions (Agnese et al., 2022; Refinitiv, 2022). The use of data provided 
by the Database is well documented by prior studies (Abdi et al., 2020; 
Agnese et al., 2022; Alsayegh et al., 2020; Chen et al., 2022; Shakil, 
2021). This study’s data is drawn from the Database and covers a sample 
from two continents, Asia and Europe, from 2016 to 2021. In the initial 
stage, the data is extracted for 29,206 corporates from 2011 to 2021. 
This initial sample was subjected to rigorous processing and a variety of 
criteria to select the final sample. 

First, systematic processing was conducted for the sample selection, 
which started with the extraction of all listed companies in the stock 
market of the respective country. Second, we eliminated all companies 
that did not have data for the whole period of the study. We also 
observed that many corporates had poor data disclosure before 2016, 
especially for ESG, environmental performance, and EFP. Accordingly, 
we decided to limit our investigation period from 2016 to 2016. This 
period is also critical and justified by adopting the Paris Agreement on 
climate change. Third, the data across each variable has been checked 
for each company, ensuring the availability of the data across all vari-
ables. We have deleted some companies that have missing values in 
some variables. This yielded a final sample of 8094 companies distrib-
uted as 5141 from Asia and 2953 from Europe. The rationale behind 
choosing Asia and Europe is to provide empirical evidence based on 
different countries’ institutional and regulatory settings. We intend to 

provide evidence comparing countries with strong regulatory settings 
with others with weak regulatory environments, especially in terms of 
non-financial information disclosure. In the case of the European 
countries, the “European Commission” has proposed a “Directive of the 
European Parliament and of the Council” requiring a class of European 
corporates to disclose non-financial information. This case is not the 
same for the majority of Asian countries where the disclosure of ESG 
issues is still immature. Table 1 describes the data and sample. 

3.2. Operational definition of variables 

Table 2 provides the measurement and definition of the variables 
used by the present study. The research framework of the current study 
includes EFP as the dependent variable, which is regressed by three 
categories of independent, moderating, and control variables. The first 
category of independent variables includes board categories in which 
board size, independence, diligence, expertise, diversity, and tenure. 
The second category comprises the moderating variable; environmental 
teams. Finally, the third category consists of firm specifics as control 
variables: size, revenue growth, and profitability. Table 2 and Fig. 1 
demonstrate the operational definition of the variables, and the research 
framework, respectively. 

Table 1 
The sample of the study.  

Country Initial Sample Final Sample 

Service Trading Industrials Total % of Region Service Trading Industrials Total % of Region % of Total Sample 

China 1683 968 2074 4725 19.05% 538 285 534 1357 26.40% 16.77% 
Japan 1505 1110 1359 3974 16.02% 301 229 300 830 16.14% 10.25% 
Hong Kong 1012 704 660 2376 9.58% 273 173 127 573 11.15% 7.08% 
S. Korea; Republic 1145 500 719 2364 9.53% 186 94 132 412 8.01% 5.09% 
Taiwan 1125 380 474 1979 7.98% 247 72 92 411 7.99% 5.08% 
India 1441 1179 1540 4160 16.77% 119 92 117 328 6.38% 4.05% 
Thailand 322 214 280 816 3.29% 90 74 73 237 4.61% 2.93% 
Singapore 229 135 263 627 2.53% 84 32 61 177 3.44% 2.19% 
Malaysia 302 245 397 944 3.81% 58 48 70 176 3.42% 2.17% 
Turkey 154 136 143 433 1.75% 47 46 37 130 2.53% 1.61% 
Indonesia 283 206 268 757 3.05% 37 26 30 93 1.81% 1.15% 
Philippines 114 69 73 256 1.03% 40 17 32 89 1.73% 1.10% 
Saudi Arabia 102 57 80 239 0.96% 30 16 25 71 1.38% 0.88% 
Pakistan 118 208 124 450 1.81% 23 21 14 58 1.13% 0.72% 
Qatar 28 6 15 49 0.20% 27 5 14 46 0.89% 0.57% 
United Arab Emirates 83 17 34 134 0.54% 32 2 9 43 0.84% 0.53% 
Kuwait 98 17 36 151 0.61% 27 2 8 37 0.72% 0.46% 
Egypt 96 59 63 218 0.88% 13 7 10 30 0.58% 0.37% 
Oman 38 39 33 110 0.44% 17 8 4 29 0.56% 0.36% 
Bahrain 27 8 5 40 0.16% 12 2 0 14 0.27% 0.17% 

Asia 9905 6257 8640 24,802 100% 2201 1251 1689 5141 100% 64% 

United Kingdom 679 267 495 1441 32.72% 408 196 302 906 30.68% 11.19% 
Germany 401 139 178 718 16.30% 201 84 116 401 13.58% 4.95% 
France 386 165 193 744 16.89% 171 74 103 348 11.78% 4.30% 
Italy 174 103 97 374 8.49% 104 59 57 220 7.45% 2.72% 
Switzerland 140 29 66 235 5.34% 122 28 60 210 7.11% 2.59% 
Poland 353 153 226 732 16.62% 73 42 60 175 5.93% 2.16% 
Norway 143 51 168 362 8.22% 44 16 59 119 4.03% 1.47% 
Spain 104 37 49 190 4.31% 48 26 36 110 3.73% 1.36% 
Denmark 97 23 51 171 3.88% 53 19 35 107 3.62% 1.32% 
Finland 83 31 61 175 3.97% 42 20 35 97 3.28% 1.20% 
Netherlands 51 21 37 109 2.48% 36 17 29 82 2.78% 1.01% 
Greece 38 44 69 151 3.43% 20 23 26 69 2.34% 0.85% 
Romania 24 33 56 113 2.57% 5 11 15 31 1.05% 0.38% 
Portugal 20 11 14 45 1.02% 8 8 9 25 0.85% 0.31% 
Cyprus 27 23 11 61 1.39% 6 14 3 23 0.78% 0.28% 
Croatia 14 41 23 78 1.77% 4 12 6 22 0.75% 0.27% 
Bulgaria 69 39 38 146 3.32% 3 2 3 8 0.27% 0.10% 

Europe 2124 943 1337 4404 100% 1348 651 954 2953 100% 36% 

Total 12,029 7200 9977 29,206  3549 1902 2643 8094  100% 
41% 25% 34% 100%  44% 23% 33% 100%   
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3.3. Econometric tools and model specification 

Following prior studies with panel structure or cross-country and 
time series data (e.g., Narwal and Pathneja, 2016; Salike and Ao, 2017; 
Rjoub et al., 2017), the present study adopts panel data analysis with 
fixed and random models. In the first analysis stage, we estimated our 
analysis with pooled and panel data. Data analysis using a redundant 
fixed effects model has been conducted to determine the proper analysis 
structure for the data. The results of this test indicate that panel data 
with fixed and random effect models are more proper for estimating the 
results of the present study. Accordingly, we conducted a panel data 
analysis using Hausman Test with fixed and random effect model 
choices, which yielded that the fixed effect model is the proper choice 
for the data set (P-value <0.05). The following models are designed to 
investigate the effect of board characteristics, environmental teams, and 
firms’ specifics on EFP: 

EFPit =α + β1

∑7

j=1
CGit + β2ESGit + β3ENVit + β4

∑3

j=1
Controlesit + εit

(1)  

Where Cit represents the environmental dimensions, i, t and εit measure 
the individual effect, the temporal effect, and the stochastic error, 
respectively. Where; 

∑7

j=1
CGit = α + β1BSit + β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ εit

(2)  

∑3

j=1
Controlesit = α + β1SIZEit + β2REVit + β3PROFit + εit (3) 

Accordingly, EFP is functioned by 
∑7

j=1CGit as an indicator of board 
characteristics and 

∑3
j=1Controlesit as control firm specifics. Based on 

these equations, the following main models are formulated: 

EFPit =α + β1BSit + β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7ENVTEAMit + β8SIZEit + β9REVit + β10PROFit + εit

(Model 1)  

EFPit =α + β1BSit + β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7ENVTEAMit + β8SIZEit + β9REVit + β10PROFit + β11CDit + εit

(Model 2)  

EFPit =α + β1BSit + β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7ENVTEAMit + β8SIZEit + β9REVit

+ β10PROFit + β11CDit + β12ESGit + εit ‘

(Model 3)  

EFPit =α + β1BSit + β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7ENVTEAMit + β8SIZEit + β9REVit

+ β10PROFit + β11CDit + β12ENVPit + εit ‘

(Model 4)  

4. Analysis and discussion 

4.1. Descriptive statistics 

The results in Table 3 provide descriptive statistics for the study’s 
variables. The results provide that environmental production has an 
average of 14.24 with a maximum score of 99.32 and a minimum of nil. 
This means that, on average, about 14% of the sampled companies from 
Asia and Europe produce environmental products and some companies 
have the majority of their products which are EFP; however, some other 
companies have no environmental production. European corporates 
exhibit a higher average score of environmental production (15.36) than 
Asian corporates (13.59). The results also show that the overall average 
score of environmental teams is 13.74 with a minimum of (0.00) and a 
maximum of 94.83. European corporates have a greater average (17.92) 
and maximum scores (94.83) than Asian corporates (mean = 13.07, 
Max. = 92.86). In the same respect, both ESG and environmental pillar 
scores indicate that European corporates have better sustainability 
(ESG) and environmental performance. This is indicated by an average 
score of 20.98 and 19.70 for ESG and environmental pillar for European 
corporates against 15.99 and 14.74 for Asian corporates, respectively. 

Concerning board characteristics, the results demonstrate that the 
average board size of European corporates is 5.81, with a maximum 
board size of 30 and a minimum of 4 board members against an average 
of 7.61, a maximum of 41, and a minimum of 4 board members for Asian 
corporates. European corporates have a greater proportion of indepen-
dent board members (average = 19.44) than Asian corporates (average 
= 17.23); however, Asian corporate exhibit a higher maximum pro-
portion of independent board members (Max. = 99.92) than European 
corporates (Max. = 99.74). Further, the results show that the average 
board meetings of European corporates are 28.46 against 16.19 for 
Asian corporates. European corporates exhibit better board diversity 

Table 2 
Operational definition of the variables of the study.  

Variable Symbol Formula 

Dependent Variables 
Environmentally 

friendly production 
EFP “Does the company report on at least one 

product line or service that is designed to 
have positive effects on the environment 
or which is environmentally labeled and 
marketed? In focus are the products and 
services that have positive environmental 
effects, or marketed as which solve 
environment problems” 

Independent and Moderate Variables 
Board Size BS The total number of board members at the 

end of the fiscal year. 
Board Independent BI Percentage of independent board 

members as reported by the company. 
Board Diligence BD The average overall attendance 

percentage of board meetings as reported 
by the company. 

Board Expertise BE Percentage of board expertise members in 
accounting and finance areas. 

Board Diversity BDIV Percentage of female directors on the 
board. 

Board tenure BT The average number of years each board 
member has been on the board. 

Environmental teams ENVTEAM “Score of environmental directors on the 
board. Does the company have an 
environmental management team? - in 
scope are any team that performs the 
functions dedicated to environmental 
issues - an individual or team at any level 
composed of employees, even if the name 
of the team is different, performing 
implementation of the environmental 
strategy - it is important to understand 
that the members of the team include 
employees of the company, who are 
operational on a day to day basis and are 
not the board committees (directors)” 

Control Variables 
Firm Size FSIZE Total assets of a firm 
Revenue Growth REV The year-over-year change in revenue 
Profitability PROF The net profit after tax of a firm  
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(mean = 20.34) than Asian corporates (17.52). Similarly, European 
corporates have a greater average of board industry-specific expertise 
(mean = 16.71) than Asian corporates (mean 17.79). Furthermore, the 
results indicate that the average board tenure in Asian corporates is 
16.49 against 19.22 for European corporates, which indicates that board 
members of European corporates have greater tenure than Asian cor-
porates. Finally, firms specifically show that Asian corporates have 
greater average revenues and profitability than (20.06 and 18.19, 
respectively) European corporates (19.55 and 18.08, respectively). 
However, European corporates have greater assets (21.51) than Asian 
corporates (21.15). Overall, the results of both the mean and median 
values of the variables indicate some variations in these values. This 

indicates that the standard deviation values could not be the proper 
value that conveys the dispersion between the actual and mean values. 
Accordingly, each variable’s median values could better express these 
variables’ values. 

4.2. Correlation analysis 

Table 4 shows a correlation analysis for the study’s variables. The 
results show statistically significant positive and negative correlations 
between the independent and dependent variables. The results show 
that all independent and control variables have statistically significant 
P-values (P-values <0.01) and positive correlations (R+) with 

Figure (1). The research Framework.  

Table 3 
Descriptive statistics.  

Variables Min. Max Mean Median SD Min. Max Mean Median SD Min. Max Mean Median SD 

Overall Sample (No. of Observation = 48,563) Asia (No. of Observation = 30,845) Europe (No. of Observation = 17,718) 

EFP 0.00 99.32 14.24 19.12 29.64 0.00 99.26 13.59 18.89 28.96 0.00 99.32 15.36 22.56 30.76 
ENVTEAM 0.00 94.83 13.74 21.59 29.93 0.00 92.86 13.07 21.02 29.17 0.00 94.83 14.92 24.78 31.18 
ESG 0.00 94.48 20.98 27.81 25.80 0.00 94.48 15.99 23.47 24.29 0.00 94.26 20.98 26.16 27.95 
ENVP 0.00 99.20 19.70 26.56 27.18 0.00 98.39 14.76 24.23 25.57 0.00 99.20 19.70 32.22 29.52 
BS 4 41.00 6.68 12.18 5.26 4 41.00 7.61 15.44 5.27 4 30.00 5.81 11.75 5.24 
BI 14 99.92 18.03 48.48 29.11 14 99.92 17.23 34.73 28.80 21 99.74 19.44 47.13 29.60 
BD 0.00 100.00 26.19 43.27 42.83 0.00 100.00 24.88 36.26 42.09 15 100.00 28.46 49.23 44.01 
BE 0.00 99.93 18.55 34.73 29.55 0.00 99.93 17.52 40.25 28.75 0.05 99.92 20.34 47.11 30.82 
BD IV 0.00 99.89 15.49 21.67 28.12 0.04 99.89 14.79 18.61 27.73 0.11 99.79 16.71 32.16 28.75 
BT 1 99.92 17.48 19.22 29.33 1 99.92 16.49 23.89 28.88 1.3 99.92 19.22 20.29 30.01 
FSIZE 7.05 29.36 21.15 23.52 2.42 7.05 29.36 21.15 23.02 2.29 9.92 28.74 21.51 26.89 2.63 
REV 7.2 26.79 20.06 22.08 2.49 7.2 26.79 20.06 21.85 2.28 7.5 26.69 19.55 25.57 2.78 
PROF 4.63 25.43 18.19 19.10 1.85 4.63 25.43 18.19 19.76 1.84 7.25 24.33 18.08 21.19 1.85  
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environmental production. This signifies a positive relationship between 
the independent variables and environmental production. 

It also means that better environmental and sustainability perfor-
mance and greater board effectiveness lead to higher environmental 
production. Further, the results indicate that greater firms’ size, profit-
ability, and revenuers associate with higher environmental production. 
In the other situations, the results show that the highest correlation 
value among the independent and control variables is 0.67, which is less 
than 0.70. This indicates that there are no multicollinearity issues in the 
current study. Further, Panel (b) shows that variance inflation factor 
(VIF) values have a maximum value of 3.4, that is, in the case of board 
size. However, VIF values of ESG and environmental pillar are 7.8 and 
8.3, respectively, which are estimated in separate regressions. This sig-
nifies the absence of multicollinearity problems in the reported results. 

4.3. Results estimation 

4.3.1. Direct effect 
Based on the description of the econometric tools and model speci-

fication, the direct effect of board characteristics, environmental teams, 
ESG, and environmental performance on EFP are estimated using panel 
fixed effect models. Models 1 to 4 are tested to estimate this effect. While 
Model 1 examines the direct effect of board characteristics, environ-
mental teams, ESG, and environmental performance on EFP for the 
whole sample, Model 2 assesses the same relationship based on a 
country dummy effect. Meanwhile, Model 3 investigates this relation-
ship considering the effect of ESG performance; Model 4 estimates the 
same controlling for the influence of environmental performance. 

Table 5 estimates the results for the overall sample with a continent 
dummy. The results show that board size and independence have a 
statistically significant (þ-Value <0.01) positive (+β) influence on EFP. 
This leads to accepting hypotheses H1 and H2. These results are 
consistent with those of (Khaireddine et al., 2020; Ofoegbu et al., 2018; 
Agyemang et al., 2020; Aliyu, 2019; Umukoro et al., 2019). This in-
dicates that greater board size is associated with higher levels of EFP. 
This could be because the larger board size includes more independent, 

diversified, and expertized members contributing positively to EFP. The 
results are in line with (Agyemang et al., 2020; Rabi, 2021; Kumari et al., 
2022), who indicate that board size positively affects environmental 
information disclosure degree. Larger boards are considered more 
effective in terms of diversity, responsibility allocation, and workload, 
thus, better stakeholder representation (Jizi et al., 2013). Larger boards 
are expected to be more linked to environmental disclosures and pro-
tection (Kumari et al., 2022), including environmentally friendly 
production. 

Further, the results signify that a greater proportion of board inde-
pendence and industry-expertized members positively influence the 
level of EFP. The results are consistent with those of (De Villiers et al., 
2011; Khan et al., 2021; Ofoegbu et al., 2018; Farza et al., 2022; Aksoy 
et al., 2020; Husted and Sousa-Filho, 2019; Kumari et al., 2022) that 
reveal that there is a significant positive correlation between board in-
dependence and environmental issues such as performance, disclosure, 
and innovation. Independent directors are more likely to play an 
important role in board effectiveness (Ammer et al., 2020). As a result, 
in boards with a higher proportion of independent directors, environ-
mentally friendly products and environmental protection are more 
likely to be achieved. However, the findings contradict the findings of 
Nguyen et al. (2021) and Kumari et al. (2022), who concluded that there 
is no significant relationship between board independence and envi-
ronmental performance. 

The findings reveal that board industry expertise exhibits a statisti-
cally significant (þ-Value <0.01) positive (+β) influence on EFP. Hence, 
H4 is accepted. This indicates a positive and significant association be-
tween a greater number of board industry expertise members and the 
level of EFP. These findings are consistent with (Hillman and Dalziel, 
2003; Pozzoli et al., 2022; Shaukat et al., 2016; Homroy and Slechten, 
2019). Hillman and Dalziel (2003) find that board expertise is important 
in developing strategic decisions, green initiatives, and environmental 
products. Consistently, Pozzoli et al. (2022) and Shaukat et al. (2016) 
indicate that the expertise of the board and audit committee is signifi-
cantly and positively related to ESG performance. According to Homroy 
and Slechten (2019), directors’ environmental competence positively 

Table 4 
Correlation analysis and multicollinearity diagnostics.  

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 

Panel A: Correlation Analysis 
(1) EFP 1             
(2) BS 0.55 1.00            

***             
(3) BI 0.45 0.51 1.00           

*** ***            
(4) BD 0.40 0.43 0.67 1.00          

*** *** ***           
(5) BDIV 0.43 0.37 0.70 0.67 1.00         

*** *** *** ***          
(6) BE 0.42 0.67 0.52 0.56 0.57 1.00        

*** *** *** *** ***         
(7) BT 0.41 0.41 0.62 0.61 0.62 0.62 1.00       

*** *** *** *** *** ***        
(8) ENVTEAM 0.44 0.46 0.39 0.33 0.38 0.36 0.36 1.00      

*** *** *** *** *** *** ***       
(9) SIZE 0.41 0.55 0.44 0.44 0.45 0.40 0.40 0.33 1.00     

*** *** *** *** *** *** *** ***      
(10) REV 0.42 0.56 0.46 0.45 0.46 0.42 0.43 0.39 0.54 1.00    

*** *** *** *** *** *** *** *** ***     
(11) PROF 0.31 0.45 0.37 0.37 0.38 0.34 0.34 0.29 0.63 0.51 1.00   

*** *** *** *** *** *** *** *** *** ***    
(12) ESGSCORE 0.55 0.61 0.54 0.46 0.52 0.47 0.48 0.42 0.49 0.53 0.42 1.00  

*** *** *** *** *** *** *** *** *** *** ***   
(13) ENVP 0.58 0.59 0.49 0.42 0.47 0.45 0.44 0.46 0.47 0.51 0.39 0.93 1.00 

*** *** *** *** *** *** *** *** *** *** *** ***  
Panel B: Multicollinearity Diagnostics 
VIF 3.4 2.7 2.5 2.9 2.0 2.3 2.2 2.4 2.0 1.9 7.8 8.3   
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impacts the adoption of corporate ethical practices. 
The results also indicate that board meetings have a negative (-β) 

significant (þ-Value <0.01) association with the level of EFP. This leads 
to accepting H3, which signifies that greater board meetings are 
adversely linked with the level of EFP. The results contradict Nguyen 
et al. (2021) and Aliyu (2019), who support a positive association. The 
findings are also inconsistent with Disli et al. (2022), who discovered 
that frequent board meetings contribute positively and significantly to 
reducing ESG controversies. This could be because, in some companies, 
a larger number of meetings denotes inefficiency of the board and higher 
compensations rather than effectiveness. However, Ofoegbu et al. 
(2018) concluded that board meetings have no significant impact on the 
extent of environmental disclosure. According to Birindelli et al. (2018), 
board meetings have an insignificant impact on ESG performance. 

In the same respect, the results exhibit that board diversity has a 
statistically insignificant (þ-Value >0.10) negative (-β) effect on envi-
ronmental production except in the case of the ESG model, which shows 
a significant negative effect on environmental production. Therefore, H5 
is rejected in the context of the overall model. This is consistent with 
Kumari et al. (2022), and Onyali et al. (2022) who discovered an 
insignificant impact, whereas Bøhren and Staubo (2014) discovered a 
negative impact. This could be because a larger number of companies 

have a low proportion of female directors, which in turn does not 
associate positively with the level of EFP. 

Board tenure demonstrates a positive but significant effect on envi-
ronmental products in the case of models (1 and 3) but an insignificant 
effect in the case of models (2 and 4). Furthermore, the results reveal 
that environmental teams have a statistically significant (þ-Value <0.01) 
positive (+β) influence on EFP. Thus, H6 and H7 are partially accepted. 
Compared to prior research, Dixon-Fowler et al. (2017) found a positive 
effect of the environmental teams on environmental performance. This 
means that the existence of environmental teams and a greater score of 
these environmental teams associate significantly and positively with 
higher levels of EFP. 

Regarding firms’ specifics, the results show that greater firm size and 
revenues associate significantly and positively with higher levels of EFP. 
However, firms’ profitability shows that there is an insignificant rela-
tionship with environmental products in the case of the models (1 and 2) 
but insignificant in the case of the models (3 and 4). Importantly, the 
continent dummy exhibits a statistically significant (þ-Value <0.01) and 
positive (+β) influence on EFP. This indicates that European corporates 
are better than Asian corporates in terms of the overall effect of the 
independent variables on EFP. Moreover, both ESG and environmental 
pillars indicate a statistically significant positive impact on EFP. This 
means that corporate with better ESG and environmental pillar scores 
have greater levels of EFP. 

Table 6 estimates the findings based on continent-wise results. The 
findings reveal that board size, independence, and industry expertise are 
consistent with the earlier findings. They all show a statistically signif-
icant positive effect on EFP in Asia and Europe. This confirms that 
greater board size, independence, and industry expertise influence 
significantly and positively the level of EFP. Similarly, board meetings 
show a negative and significant effect on the level of EFP. This leads to 
accepting H1, H2, and H4 and rejecting H3 in the contexts of Europe and 
Asia. 

This indicates that greater board meetings do not associate with 
environmental production. This necessitates that board meetings’ 
agenda towards sustainability issues be disclosed. Further, the results 
show that board diversity has a statistically significant negative effect on 
environmental products in the case of Asian corporates. However, it 
indicates an insignificant positive effect on environmental production 
except in the case of the model (1), which has a significant effect at the 
level of 10% (P value < 0.010). This indicates that board diversity in 
European corporates associates positively with environmental produc-
tion; however, it has a negative effect in the case of Asian corporates. 

Therefore, H5 is accepted in the context of European countries. 
However, it is rejected in the context of Asian countries. The results are 
consistent with prior studies (Al-Shaer and Zaman, 2016; Chams and 
Garca-Blandón, 2019; Disli et al., 2022). They indicate that female 
boardroom representation is significantly and positively related to sus-
tainability performance. Consistently, Ben-Amar et al. (2017) report 
that female representation positively affects GHG emission voluntary 
disclosure levels and climate change-related strategies. Accordingly, a 
higher proportion of female representation increases the likelihood of 
better environmental performance and environmentally friendly 
products. 

The results also show that board tenure has a negative influence on 
environmental products in the case of Asian corporates. Still, it reveals a 
significant positive effect on environmental products in the case of Eu-
ropean corporates. This leads to accepting H6 in the case of European 
countries. However, it is rejected in the context of Asian countries. This 
means that greater board tenure in European corporates leads to greater 
levels of environmental production. 

The findings in the context of Asian countries are consistent with 
Pozzoli et al. (2022), who found a negative and significant relationship 
between tenure and ESG performance. In contrast, Bravo and 
Reguera-Alvarado (2019) found that tenure is positively related to ESG 
disclosure. This supports our proposition in the context of European 

Table 5 
Results estimation – overall sample.  

Variable Model (1) Model (2) Model (3) Model (4) 

C − 28.373*** − 30.211*** − 11.732*** − 18.890*** 
1.373 1.437 1.425 1.456 
− 20.665 − 21.025 − 8.230 − 12.978 

BS 1.613*** 1.619*** 1.251*** 1.502*** 
0.042 0.042 0.041 0.042 
38.228 38.360 30.279 35.914 

BI 0.122*** 0.122*** 0.095*** 0.096*** 
0.006 0.006 0.006 0.006 
20.264 20.223 16.229 16.086 

BD − 0.035*** − 0.036*** − 0.026*** − 0.033*** 
0.004 0.004 0.004 0.004 
− 8.903 − 9.008 − 6.737 − 8.515 

BDIV − 0.003 − 0.004 − 0.007 − 0.013** 
0.006 0.006 0.006 0.006 
− 0.449 − 0.597 − 1.171 − 2.140 

BE 0.072*** 0.071*** 0.059*** 0.058*** 
0.005 0.005 0.005 0.005 
13.353 13.299 11.409 10.814 

BT 0.010* 0.009 0.012*** 0.007 
0.006 0.006 0.005 0.006 
1.729 1.572 2.314 1.252 

ENVTEAM 0.189*** 0.188*** 0.000 0.087*** 
0.004 0.004 0.005 0.005 
44.799 44.546 − 0.080 17.205 

SIZE 0.784*** 0.731*** 0.606*** 0.649*** 
0.068 0.069 0.067 0.068 
11.528 10.578 9.074 9.516 

REV 0.867*** 0.916*** 0.385*** 0.579*** 
0.059 0.060 0.059 0.060 
14.693 15.249 6.550 9.639 

PROF − 0.128 − 0.091 − 0.364*** − 0.263*** 
0.081 0.081 0.079 0.081 
− 1.582 − 1.122 − 4.620 − 3.261 

CD  1.001*** − 0.664*** − 0.038  
0.231 0.225 0.230  
4.329 − 2.947 − 0.166 

ENVP   0.381***    
0.007    
58.069  

ESGSCORE    0.239***    
0.007    
35.015 

R-squared 0.35 0.35 0.40 0.37 
Adjusted R-squared 0.35 0.35 0.39 0.37 
F-statistic 2660.713 2421.418 2654.745 2377.807 
Prob (F-statistic) 0.000 0.000 0.000 0.000  
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countries that long board tenure may limit board members’ ability to 
become more acquainted with better environmental performance and 
environmentally friendly products. Consistently, Setiany (2018) argues 
that the significant and negative relationship between board tenure and 
ESG performance confirms a long board tenure. 

Furthermore, the results show that environmental teams have a 
statistically significant positive impact on EFP across the models in Asia 
and Europe. This confirms the earlier estimation, which leads to denote 
that the existence of environmental teams and a greater score of these 
environmental teams associate significantly and positively with higher 
levels of EFP. Firm size and revenues exhibit similar results compared to 
Table 5 findings. They exhibit significant and positive effects in Asia and 
Europe; however, profitability demonstrates a negative effect on EFP in 
the case of Asian corporates, but it is positive in respect of European 
corporates. Finally, the results reveal that both ESG and environmental 
pillars indicate a statistically significant positive impact on EFP in Asia 
and Europe, indicating that greater ESG and environmental performance 
lead to greater levels of EFP. 

4.3.2. The moderating effect of environmental teams 
The moderating effect of environmental teams on the relationship 

between board characteristics and EFP is investigated using four-panel 
fixed effect moderating models. While Model 5 investigates the 

moderating effect of environmental teams on the relationship between 
board characteristics and EFP for the whole sample, Model 6 assesses the 
same moderating effect based on a country dummy effect. However, 
Model 7 and Model 8 examine this relationship with the consideration of 
ESG and environmental performance, respectively. The results are esti-
mated based on the following models: 

EFPit =α + β1BSit + β2BSit ∗ ENVTEAMit + β3BIit + β4BIit

∗ ENVTEAMit + β5BDit + β6BDit ∗ ENVTEAMit + β7BEit + β8BEit

∗ ENVTEAMit + β9BDIVit + β10BDIVit ∗ ENVTEAMit + β11BTit

+ β12BTit ∗ ENVTEAMit + β13ENVTEAMit + β14SIZEit + β15REVit

+ β16PROFit + εit

(Model 5)  

EFPit =α + β1BSit + β2BSit ∗ ENVTEAMit + β3BIit + β4BIit

∗ ENVTEAMit + β5BDit + β6BDit ∗ ENVTEAMit + β7BEit + β8BEit

∗ ENVTEAMit + β9BDIVit + β10BDIVit ∗ ENVTEAMit + β11BTit

+ β12BTit ∗ ENVTEAMit + β13ENVTEAMit + β14SIZEit + β15REVit

+ β16PROFit + β17CDit + εit

(Model 6) 

Table 6 
Results estimation – Asia and Europe.  

Variable Asia Europe Asia Europe Asia Europe 

Model (1) Model (3) Model (4) 

C − 34.386*** − 22.253*** − 17.526*** − 6.383** − 21.695*** − 15.143*** 
1.748 2.264 1.721 2.251 1.764 2.287 
− 19.669 − 9.829 − 10.181 − 2.836 − 12.300 − 6.623 

BS 1.690*** 1.487*** 1.305*** 1.114*** 1.542*** 1.398*** 
0.052 0.072 0.051 0.070 0.052 0.071 
32.273 20.774 25.539 15.812 29.836 19.622 

BI 0.103*** 0.158*** 0.075*** 0.133*** 0.070*** 0.142*** 
0.007 0.011 0.007 0.010 0.007 0.011 
14.142 14.897 10.715 12.865 9.768 13.375 

BD − 0.035*** − 0.039*** − 0.022*** − 0.035*** − 0.029*** − 0.040*** 
0.005 0.007 0.005 0.006 0.005 0.007 
− 7.127 − 5.785 − 4.533 − 5.362 − 5.888 − 6.076 

BDIV − 0.020** 0.017* − 0.018** 0.009 − 0.030*** 0.010 
0.008 0.010 0.007 0.010 0.008 0.010 
− 2.630 1.653 − 2.362 0.894 − 3.980 0.955 

BE 0.079*** 0.056*** 0.066*** 0.046*** 0.067*** 0.041*** 
0.007 0.009 0.006 0.009 0.007 0.009 
11.826 6.144 10.168 5.217 10.140 4.573 

BT − 0.011 0.041*** − 0.007 0.044*** − 0.016*** 0.042*** 
0.007 0.009 0.007 0.009 0.007 0.009 
− 1.516 4.373 − 1.031 4.941 − 2.294 4.519 

ENVTEAM 0.207** 0.160*** 0.005** 0.002** 0.080** 0.089*** 
0.005 0.007 0.007 0.008 0.006 0.008 
39.615 22.281 0.722 0.292 12.450 10.772 

SIZE 1.227*** 0.296*** 0.961*** 0.240** 0.993*** 0.284** 
0.096 0.116 0.093 0.112 0.095 0.115 
12.781 2.560 10.357 2.135 10.481 2.470 

REV 0.652*** 0.950*** 0.241** 0.406*** 0.374*** 0.659*** 
0.090 0.086 0.087 0.086 0.089 0.087 
7.256 11.001 2.765 4.744 4.215 7.527 

PROF − 0.075 0.032 − 0.334*** − 0.315** − 0.286*** 0.117 
0.093 0.162 0.090 0.157 0.092 0.161 
− 0.807 0.195 − 3.708 − 2.002 − 3.107 0.726 

ENVP   0.414*** 0.338***     
0.009 0.010     
48.311 32.803   

ESGSCORE     0.293*** 0.176***     
0.009 0.011     
32.278 16.681 

R-squared 0.36 0.34 0.41 0.38 0.38 0.35 
Adjusted R-squared 0.36 0.34 0.40 0.38 0.38 0.35 
F-statistic 1760.038 929.129 1933.280 993.768 1748.765 883.185 
Prob (F-statistic) 0.000 0.000 0.000 0.000 0.000 0.000  
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EFPit =α + β1BSit + β2BSit ∗ ENVTEAMit + β3BIit + β4BIit

∗ ENVTEAMit + β5BDit + β6BDit ∗ ENVTEAMit + β7BEit + β8BEit

∗ ENVTEAMit + β9BDIVit + β10BDIVit ∗ ENVTEAMit + β11BTit

+ β12BTit ∗ ENVTEAMit + β13ENVTEAMit + β14SIZEit + β15REVit

+ β16PROFit + β17CDit + β18ESGit + εit

(Model 7)  

EFPit =α + β1BSit + β2BSit ∗ ENVTEAMit + β3BIit + β4BIit

∗ ENVTEAMit + β5BDit + β6BDit ∗ ENVTEAMit + β7BEit + β8BEit

∗ ENVTEAMit + β9BDIVit + β10BDIVit ∗ ENVTEAMit + β11BTit

+ β12BTit ∗ ENVTEAMit + β13ENVTEAMit + β14SIZEit + β15REVit

+ β16PROFit + β17CDit + β18ENVPit + εit

(Model 8) 

Table 7 demonstrates the moderating effect of environmental teams 
on the relationship between board characteristics and environmental 
production. The results exhibit that environmental teams strengthen the 
relationship between board characteristics and EFP. This leads to 
accepting H8, which indicates that environmental teams’ presence and 
higher score improve board effectiveness to attain higher EFP levels. The 
results are consistent with those of (Arayssi et al., 2020; Birindelli et al., 
2018; Bravo and Reguera-Alvarado, 2019; Chams and García-Blandón, 
2019; Imperiale et al., 2023; Kumari et al., 2022; Mahmood et al., 2018). 
They advocate that forming a sustainability committee or a specialized 
team or committee can enhance environmental disclosure and perfor-
mance. According to Kumari et al. (2022), specialized sustainability 
committees foster environmental sensitivity culture throughout busi-
nesses, accelerating the process of critical decision-making and 
disseminating information to various stakeholders. Arayssi et al. (2020) 
consistently indicate that establishing an effective and efficient sus-
tainability committee that supports the development of an effective 
board structure can help improve the urgency of corporate social 
involvement and disclosure. 

Similarly, Kumari et al. (2022) advocate that the existence of a sus-
tainability committee is strongly associated with the environmental 
disclosure score. As a result, the firm’s environmental strategy will be 
developed and overseen by a dedicated sustainability committee, 
enhancing awareness and disclosure scores. Our findings also are in line 
with Hussain et al. (2018), who find that the sustainability committee 
has a significant positive impact on firms’ environmental and social 
performance. Accordingly, in the presence of both ESG strengths and 
ESG concerns, sustainability committees increase disclosure Fatemi 
et al. (2018). 

Thus, the firm must hire qualified executives to create a sustain-
ability committee and ensure that this committee meets regularly so that 
agency problems do not take over and the board achieves its environ-
mental strategies Kumari et al. (2022). The results show that all board 
characteristics and firms’ specifics exhibit consistent findings compared 
to the earlier findings in the direct model of Table 5, except for profit-
ability. Corporate profitability shows a statistically significant positive 
effect on environmental production. This signifies that with the 
moderating role of environmental teams, profitability changed to have a 
positive and significant impact on environmental production. This also 
denotes that environmental teams play a moderating role, indirectly 
affecting corporate profitability. Concerning the moderating role of 
environmental teams, the results show that environmental teams mod-
erate positively and significantly the relationship between board size, 
independence, diversity, industry expertise, and board tenure on the one 
hand and EFP on the other. The interaction effect of environmental 
teams exhibits a statistically significant positive effect at the level of 1% 
(P value < 0.01) in the case of board size, independence, industry 
expertise, and board tenure; however, it shows a weak but positive 
interaction in the case of board diversity. 

This indicates that environmental teams moderate the relationship 
between board characteristics and environmental production positively 
and significantly. This also signifies that the existence and the greater 
score of corporates’ environmental teams enhance board effectiveness 
and board role towards EFP. The findings in Table 8 present the 
moderating effect of environmental teams on the relationship between 
board characteristics and environmental production in Asia and Europe. 
The results reveal that the moderating role of environmental teams in 
the case of European corporates exhibits a greater interaction effect with 
board characteristics than in the case of Asian corporates. While it is 

Table 7 
The overall moderating role of environmental teams.  

Variable Model (5) Model (6) Model (7) Model (8) 

C − 55.615*** − 58.758*** − 42.957*** − 50.580*** 
1.431 1.493 1.449 1.481 
− 38.854 − 39.367 − 29.653 − 34.158 

BS 0.630*** 0.671*** 0.174* 0.102 
0.102 0.102 0.098 0.102 
6.191 6.582 1.773 1.001 

BS*ENVTEAM 0.057*** 0.055*** 0.067*** 0.088*** 
0.006 0.006 0.006 0.006 
8.709 8.415 10.749 13.642 

BI 0.024** 0.029* 0.075*** 0.104*** 
0.017 0.017 0.016 0.017 
1.426 1.673 4.556 6.126 

BI*ENVTEAM 0.002*** 0.002*** 0.002*** 0.002*** 
0.000 0.000 0.000 0.000 
8.422 8.669 9.200 9.873 

BD − 0.073*** − 0.076*** − 0.062*** − 0.042** 
0.021 0.021 0.020 0.020 
− 3.518 − 3.649 − 3.103 − 2.058 

BD*ENVTEAM − 0.003*** − 0.003*** − 0.003*** − 0.003*** 
0.000 0.000 0.000 0.000 
− 6.747 − 6.915 − 7.356 − 6.689 

BDIV − 0.043** − 0.044** − 0.064*** − 0.087*** 
0.018 0.018 0.018 0.018 
− 2.323 − 2.376 − 3.624 − 4.790 

BDIV*ENVTEAM 0.002 0.003 0.002* 0.001** 
0.000 0.000 0.000 0.000 
1.633 1.603 1.837 2.429 

BE 0.139*** 0.136*** 0.141*** 0.137*** 
0.014 0.014 0.013 0.014 
10.014 9.799 10.665 10.089 

BE*ENVTEAM 0.001*** 0.001*** 0.001*** 0.001*** 
0.000 0.000 0.000 0.000 
6.474 6.289 6.528 6.732 

BT 0.184*** 0.178*** 0.096*** 0.113*** 
0.015 0.015 0.014 0.015 
12.358 11.913 6.674 7.672 

BT*ENVTEAM 0.003*** 0.003*** 0.002*** 0.002*** 
0.000 0.000 0.000 0.000 
13.490 13.129 7.936 9.281 

ENVTEAM 0.213*** 0.212*** 0.036*** 0.124*** 
0.005 0.005 0.005 0.005 
44.573 44.358 6.730 23.937 

SIZE 0.937*** 0.844*** 0.752*** 0.799*** 
0.070 0.071 0.068 0.070 
13.458 11.935 11.113 11.494 

REV 1.694*** 1.778*** 1.330*** 1.527*** 
0.060 0.061 0.059 0.060 
28.226 29.124 22.593 25.298 

PROF 0.582*** 0.645*** 0.437*** 0.540*** 
0.083 0.083 0.080 0.082 
7.019 7.745 5.477 6.594 

ENVP  1.750*** − 0.176 0.300  
0.237 0.229 0.236  
7.384 − 0.769 1.274 

ESGSCORE   0.515*** 0.423***   
0.008 0.010   
66.445 41.068 

R-squared 0.33 0.32 0.381 0.35 
Adjusted R-squared 0.32 0.32 0.380 0.34 
F-statistic 1450.495 1369.885 1656.689 1432.398 
Prob (F-statistic) 0.000 0.000 0.000 0.000  
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statistically significant at the level of 1% (P-Value <0.01) in the case of 
European corporates, it has a variation in its significance level in the 
case of Asian corporates. It shows a moderation effect at the level of 1% 
with board size, independence, industry expertise, and tenure in the case 
of European corporates. However, for Asian corporates, it demonstrates 
a moderating effect with board size, independence, industry expertise, 
and tenure at the level of 5% in the majority of the cases. 

The results also show that environmental teams have improved the 
effect of board meetings to be positive and significant in the majority of 

the cases of European corporates; however, no significant moderating 
effect is observed in the case of Asian corporates. 

Similarly, the results indicate that the interaction effect of environ-
mental teams in European corporates moderates significantly and 
positively the relationship between board diversity and EFP, but this 
moderating effect is reported to be weak in the case of Asian corporates. 
Notably, in the context of the moderating effect of environmental teams, 
all firm specifics exhibit a significant positive effect on EFP in the case of 
European corporates; however, this was not the case for Asian 

Table 8 
The moderating role of environmental teams – Asia and Europe.  

Variables Asia Europe 

Model (5) Model (7) Model (8) Model (5) Model (7) Model (8) 

C − 58.214*** − 44.274*** − 49.431*** − 55.080*** − 41.356*** − 50.231*** 
1.813 1.750 1.785 2.381 2.305 2.367 
− 32.108 − 25.304 − 27.689 − 23.135 − 17.939 − 21.220 

BS 1.091*** 0.182** 0.327** 0.043*** 1.167*** 1.018*** 
0.129 0.124 0.127 0.171 0.166 0.176 
8.472 1.465 2.566 0.250 7.033 5.789 

BS*ENVTEAM 0.020** 0.044** 0.053** 0.111*** 0.119*** 0.151*** 
0.008 0.008 0.008 0.011 0.010 0.011 
2.419 5.554 6.549 10.282 11.536 13.921 

BI 0.016** 0.055** 0.086*** 0.039*** 0.082*** 0.116*** 
0.021 0.020 0.021 0.029 0.028 0.029 
0.755 2.761 4.168 1.335 2.901 3.955 

BI*ENVTEAM 0.002** 0.002*** 0.002** 0.003*** 0.003*** 0.004*** 
0.000 0.000 0.000 0.000 0.000 0.000 
5.389 5.832 5.628 7.105 6.748 8.087 

BD − 0.066** − 0.058** − 0.006 0.030* − 0.008 0.029** 
0.024 0.023 0.023 0.040 0.039 0.040 
− 2.738 − 2.555 − 0.238 0.740 − 0.210 0.724 

BD*ENVTEAM − 0.004* − 0.004*** − 0.003* 0.001** 0.001 0.001** 
0.001 0.000 0.001 0.001 0.001 0.001 
− 7.181 − 7.917 − 6.134 0.908 0.478 1.458 

BDIV − 0.004 0.012 − 0.043* 0.127*** 0.198*** 0.174*** 
0.024 0.022 0.023 0.029 0.028 0.029 
− 0.185 0.550 − 1.881 4.316 7.003 5.947 

BDIV*ENVTEAM − 0.001 − 0.001* − 0.002 0.002*** 0.003*** 0.003*** 
0.000 0.000 0.000 0.000 0.000 0.000 
− 1.629 − 2.406 − 1.218 5.565 6.792 6.317 

BE 0.089*** 0.119*** 0.112*** 0.208*** 0.177*** 0.185*** 
0.017 0.016 0.017 0.024 0.023 0.023 
5.198 7.334 6.703 8.807 7.813 7.907 

BE*ENVTEAM 0.001** 0.001** 0.001** 0.003*** 0.002*** 0.002*** 
0.000 0.000 0.000 0.000 0.000 0.000 
2.379 3.880 3.755 6.891 5.624 6.333 

BT 0.199*** 0.113*** 0.120*** 0.137*** 0.086*** 0.106*** 
0.018 0.017 0.018 0.027 0.025 0.026 
11.136 6.610 6.825 5.160 3.367 4.019 

BT*ENVTEAM 0.004** 0.002*** 0.003*** 0.002*** 0.001** 0.001*** 
0.000 0.000 0.000 0.000 0.000 0.000 
13.339 8.541 9.389 4.027 2.589 3.046 

ENVTEAM 0.226*** 0.020*** 0.103*** 0.182*** 0.046*** 0.132*** 
0.006 0.007 0.007 0.008 0.009 0.008 
38.462 2.907 15.637 22.227 5.395 15.624 

SIZE 1.491*** 1.287*** 1.322** 0.285*** 0.186*** 0.244*** 
0.098 0.094 0.096 0.118 0.113 0.117 
15.199 13.726 13.781 2.413 1.639 2.083 

REV 1.283*** 0.910*** 1.069*** 1.982*** 1.575*** 1.793*** 
0.091 0.088 0.089492 0.087 0.084 0.087 
14.029 10.390 11.94356 22.677 18.692 20.624 

PROF − 0.575*** 0.380*** − 0.415*** 0.914*** 0.622*** 0.833*** 
0.095 0.091 0.093 0.165 0.158 0.163 
− 6.038 4.176 − 4.457 5.528 3.924 5.097 

ENVP  0.530***   0.541***   
0.010   0.014   
54.707   40.059  

ESGSCORE   0.492***   0.368***   
0.013   0.018   
38.659   19.920 

R-squared 0.38 0.40 0.368 0.32 0.37 0.33 
Adjusted R-squared 0.37 0.39 0.367 0.31 0.37 0.33 
F-statistic 979.446 1187.339 1054.404 513.341 621.316 517.289 
Prob (F-statistic) 0.000 0.000 0.000 0.000 0.000 0.000  
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corporates. Finally, ESG and environmental performance show a sta-
tistically significant effect on EFP in the context of the moderating effect 
of environmental teams. This denotes that environmental teams 
enhance the relationship between ESG and environmental performance 
on the one hand and environmental production on the other. 

4.3.3. Endogeneity concerns and additional analyses 

4.3.3.1. Lead-lag approach. Guest (2008) indicated that endogeneity 
problems might arise when firm-specific indicators are influenced by 
board structure. Further, endogeneity problems occur when both board 
structure and firm-specific indicators are jointly investigated by unob-
servable heterogeneity. Nadarajah et al. (2018) indicated that CG vari-
ables might have possible endogeneity issues with leverage. In order to 
address this issue, the current study follows (Dhaliwal et al., 2011; 
Christensen, 2016) and re-estimates the direct effect models in an 
instrumental variables framework by using lagged values of the inde-
pendent variables. The results in Table 9 show that some variables have 
a slightly lower or higher significance level, but the direction (sign) and 
relative significance have not changed. As a result, we concluded that 
endogeneity does not affect the findings of our study (Ioannou and 
Serafeim, 2017; Chiu and Wang, 2015; Reverte, 2009). This indicates 
that the findings of the main analysis of the direct models in Table 5 are 
consistent with those of the lead-lagged approach models. Interestingly, 
these results are also in line with the findings of the moderating effect 
presented in Table 7. 

4.3.3.2. Two-stage least squares (2SLS) approach. In addition to the 
lead-lagged approach for addressing endogeneity problems, we also re- 
analyze the same using various tools, including 2SLS (Christensen, 
2016). Several other studies have also used 2SLS regressions to tackle 
endogeneity problems (e.g., AL-Qadasi et al., 2018; Cairney and Stew-
art, 2019). Guest (2008) highlighted that another endogeneity problem 
that might arise is reverse causality, whereby firm-specific explanatory 
variables are determined by board structure rather than vice versa. This 
study uses the following equation to address this endogeneity issue: 

EnvProdit=β0 + β1yit + β2Zit + εit (4) 

A 2SLS regression model consisting of five steps is conducted in 
which firms’ specifics (yit = FSIZEit,REVit, and PROFit) are treated as 
endogenous variables and treat board characteristics variables 
(Zit = BSIZEit,BINDit,BMEETit,BDIVit,BSKILit,BTENURit, and 
ENVTeamit) as exogenous variables. The lagged variables of the depen-
dent variables and the fitted values of the main models are used as 
instrumental variables, where yit = π0 + π1Zit + υ. The findings yielded 
from the 2SLS model are robust and consistent with the findings of the 
main models. This implies that our analysis of the direct and moderating 
effects is robust, and no endogeneity problems are associated with our 
estimation. The outcomes presented in Table 9 demonstrated robust and 
consistent findings, concluding identical results across the estimated 
models. 

4.3.3.3. Firm fixed effects approach. Hamed et al. (2022) indicate that a 
firm fixed effect approach can be opted to control for endogeneity 
problems and mitigate the issues of some persistent, correlated omitted 
variables. Therefore, we estimate the main model controlling for firm 
fixed effects as another step to control for endogeneity issues. Table 6 
demonstrates identical and robust results using firm fixed effects. This is 
indicated by the significance level of the variables and the coefficients, 
which remain consistent across the models. Hence, our results are 
consistent with the main findings provided in Table 5. 

4.3.3.4. Robustness test. Table 9 shows that, except for some variations 
in the significance power, all variables exhibit similar findings to the 
results presented in the main models in Table 5. Importantly, the co-
efficients and standard error values are not significantly inflated or 
deflated. Overall, the regression results are robust and consistent with 
the earlier models’ findings (Hamed et al., 2022). 

4.3.4. Additional analysis - subsample tests on environmental and non- 
environmental teams 

We conduct additional analysis to validate the findings provided in 
the direct effect model and investigate whether those outcomes hold 
when splitting the sample into different groups. Following Hamed et al. 
(2022), the main sample is divided into two sub-samples. Accordingly, 
in this test, we divided the dependent variable into two categories: 
companies with environmental production, which assigned the value of 
“1” and “0” otherwise. Further, we divided the moderating variables of 
environmental teams into two categories “1” for companies with envi-
ronmental teams and “0” otherwise. The following models are 
estimated: 

EFPit =α + β1BSit ++β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7ENVTEAMit + β8SIZEit + β9REVit

+ β10PROFit + β11CDit + β12ENVPDummyit + εit

(Model 9)  

EFPit =α + β1BSit ++β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7ENVTEAMDummyit + β8SIZEit + β9REVit

+ β10PROFit + β11CDit + εit

(Model 10)  

EFPit =α + β1BSit ++β2BIit + β3BDit + β4BEit + β5BDIVit + β6BTit

+ β7SIZEit + β8REVit + β9PROFit + β10CDit + εit

(Model 11) 

The results in Table 10 reveal consistent and similar outcomes pro-
vided in the main models. Importantly, the environmental products 
dummy and environmental teams dummy show a significant positive 
effect. This indicates that companies that have environmental 

Table 9 
Endogeneity tests.  

Variable/Test Robust Fixed 2SLS Lagged fixed 

C − 117.761*** − 2.107*** − 65.593*** − 10.508*** 
6.310 3.002 2.202 3.124 

BS 0.652*** 1.072*** 1.533*** 0.395*** 
0.094 0.052 0.055 0.047 

BI 0.096*** 0.149*** 0.094*** 0.032*** 
0.013 0.005 0.006 0.006 

BD − 0.058*** 0.030*** − 0.079*** − 0.016*** 
0.009 0.004 0.004 0.003 

BDIV − 0.249 0.050** − 0.045* − 0.035*** 
0.017 0.007 0.007 0.006 

BE 0.082*** 0.052*** 0.045*** 0.008** 
0.012 0.004 0.006 0.004 

BT 1.717** 0.084*** 0.018*** 0.043*** 
0.726 0.007 0.006 0.006 

ENVTEAM 0.162*** 0.091*** 1.190*** 0.031*** 
0.010 0.005 0.295 0.005 

SIZE 2.597*** 0.364** 0.706*** 0.759*** 
0.325 0.135 0.088 0.141 

REV 3.851*** 0.135 1.988*** 0.308*** 
0.312 0.094 0.087 0.098 

PROF − 0.150 0.069 0.711*** 0.161 
0.366 0.099 0.090 0.103 

R-squared 0.20 0.84  0.83 
Adjusted R-squared 0.20 0.80  0.79 
Prob (Rn-squared 

stat.) 
0.00 0.00  0.00 

Wald chi2 (11)   21328.10  
R-squared   0.28  
Root MSE   25.21  
Prob > chi2  0.00   
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production and environmental teams are better than other companies 
that do not have. 

5. Discussion and implications 

The findings show that board characteristics are related to the level 
of EFP. This is supported by the background of the multi-theory un-
derpinning such as signaling theory (Friske et al., 2022; Siddique et al., 
2021; Wong and Zhang, 2022), voluntary disclosure theory (Shaukat 
et al., 2016), institutional theory (Geerts et al., 2021), agency theory 
(Huang, 2011; Kumari et al., 2022), and stakeholders’ theory 
(Pérez-Calderón et al., 2012). This also has its implication for theory 
based on (Suddaby, 2014; Whetten, 1989). Our investigation helps 
theory developers and practitioners evaluate the trade-off between 
frugality and completeness. We attempted to ensure that what passes for 
these theories includes a plausible explanation for why certain associ-
ations in our data should be expected (Suddaby, 2014). Further, the 
present study’s findings provided evidence of some variations in the 
effect of board characteristics on the level of EFP from European to Asian 
countries. These variations arise from these companies’ governance 
practices and ESG and environmental disclosure practices. This is also 
supported by legitimacy theory (Agnese et al., 2022; Holland and Foo, 
2003; Husted and Sousa-Filho, 2017; Ortas et al., 2015), voluntary 
disclosure theory (Fontana et al., 2015; Holland and Foo, 2003; Impe-
riale et al., 2023), and stakeholders’ theory (Aksoy et al., 2020; Baal-
ouch et al., 2019; Geerts et al., 2021; Gerged et al., 2020, 2021; 
Mohammad and Wasiuzzaman, 2021; Pérez-Calderón et al., 2012; 
Qureshi et al., 2020). Based on the findings, policy interventions need to 
consider the alignment of governance effectiveness with corporates’ 
environmental performance. This could be based on the legitimacy of 
companies disclosing sustainability information to stakeholders to 
reaffirm an organization’s commitment to society (Behl et al., 2021). 

Companies are the main source of environmental pollution. Thus, 
environmental legitimacy pressure should be exercised by various 
stakeholders (Boutry and Nadel, 2020). Accordingly, the engagement of 
relevant stakeholders is necessary to foster a constructive environment 
that may lead to continuous improvements in ESG disclosures (Camil-
leri, 2015). Further, the broad adoption of environmental sustainability 
will positively impact society (Green et al., 2012). Policymakers may 
enact and improve corporate governance regulations to enhance EFP 
levels. In particular, certain board characteristics such as larger board 
size, a greater proportion of board independence, the existence of in-
dustry expertise in the board, greater board gender diversity, and the 
existence of environmental teams are more likely to contribute to higher 
EFP and ESG levels. Accordingly, regulations in this regard should be 
encouraged and enforced. The empirical findings of the current study 
open useful insights for policymakers and corporates’ board members to 
strengthen corporate boards’ practices and strategies. Accordingly, 
firms can benefit from the construction of strong and efficient environ-
mental teams or sustainability committees. Such teams or committees 
can effectively enhance board effectiveness and oversight function. In 
the presence of both ESG strengths and ESG concerns, environmental 
teams or sustainability committees could increase the disclosure levels 
and attain EFP and green initiatives (Fatemi et al., 2018). 

6. Conclusion 

The present study investigates the impact of board characteristics on 
EFP. It also examines the moderating effect of environmental teams on 
the relationship between board characteristics and EFP. The current 
research relies on secondary data extracted from the Refinitiv Eikon 
database. Our study offers empirical evidence based on a cross-country 
study of 8094 companies from 2 continents, Asia and Europe, from 2016 
to 2021. This period is particularly important, which could be affected 
by several international initiatives related to climate change like the 
“Kyoto Protocol, International Carbon Action Partnership, and Paris 
Agreement.” The investigation of this issue may help the international 
community to control climate change and the overall sustainable 
development goals of the United Nations. We propose and assess a 
comprehensive EFP collaboration that is based on firms’ governance 
levels. This is crucial because overall sustainability and the achievement 
of SDGs are built based on a complementary approach and collaboration 
from all stakeholders. The extent to which a corporation has EFP is 
functioned by three categories: independent, moderating, and control 
variables. The first category of independent variables includes board 
categories in which board size, independence, diligence, expertise, di-
versity, and tenure are comprised. The second category comprises the 
moderating variable; environmental teams. Finally, the third category 
consists of firm specifics as control variables: size, revenue growth, and 
profitability. 

The findings indicate that board characteristics associate positively 
and significantly with the level of EFP. The results reveal that a larger 
board size, a greater proportion of board independence, and the exis-
tence of industry expertise on the board have a significant and positive 
influence on the level of EFP. In the same context, the results demon-
strate that board diversity correlates positively and significantly with 
EFP. However, the influence of board diversity in European corporates is 
significant and positive but negative in Asian corporates. Similarly, the 
findings also find that while board tenure has a significant positive 
impact on EFP in European corporates, it has a negative effect on EFP in 
Asian corporates. Importantly, the findings report that environmental 
teams have a statistically significant positive impact on the level of EFP 
across Asian and European corporates. Moreover, the results reveal that 
a corporate’s ESG and environmental performance have a statistically 
significant positive impact on the level of EFP in Asia and Europe, 
implying that higher levels of ESG and environmental performance lead 
to higher levels of EFP. 

Concerning the moderating role of environmental teams, the findings 

Table 10 
Additional tests with sub-samples.  

Variable/ 
Model 

Env. Products 
dummy 

Env. Teams 
dummy 

No env. 
Teams 

With env. 
Teams 

Model (9) Model (10) Model (11) Model (11) 

C − 12.790*** − 0.666*** − 26.274*** − 87.499*** 
1.165 0.152 1.351 6.699 

BS 0.378*** 1.765*** 1.515*** 1.392*** 
0.035 0.029 0.049 0.097 

BI 0.025*** 0.112*** − 0.096*** 0.157*** 
0.005 0.004 0.007 0.014 

BD − 0.048*** − 0.083*** − 0.015*** − 0.044*** 
0.003 0.002 0.004 0.009 

BDIV − 0.013** − 0.043*** − 0.006 0.026* 
0.005 0.004 0.007 0.014 

BE 0.071*** 0.070*** 0.049*** 0.127*** 
0.004 0.004 0.006 0.012 

BT 0.015*** 0.018*** − 0.021*** 0.022** 
0.005 0.003 0.006 0.013 

ENVTEAM 
Dummy 

0.086*** 49.460***   
0.003 2.341   

SIZE 0.372*** 0.016*** − 0.557*** 3.338*** 
0.056 0.004 0.064 0.368 

REV 0.427*** 0.021*** 0.785*** 2.868*** 
0.049 0.005 0.055 0.341 

PROF − 0.109* − 0.002 − 0.016* 1.648*** 
0.066 0.003 0.076 0.357 

CD 0.688*** 0.017 1.453*** 1.602** 
0.187 0.013 0.227 0.752 

ENVP 
Dummy 

48.572***    
0.301    

R-squared 0.60 0.58 0.22 0.22 
Adjusted R- 

squared 
0.57 0.55 0.21 0.21 

F-statistic 5573.589 5091.182 1113.452 232.960 
Prob (F- 

statistic) 
0.000 0.000 0.000 0.000  
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indicate that the existence and the higher score of environmental teams 
have a significant and positive moderating influence on the relationship 
between EFP and board characteristics. This indicates that greater board 
size, a higher proportion of board independence, greater board di-
versity, a higher percentage of board industry expertise, and long board 
tenure. The interaction effect of environmental teams reveals a statis-
tically significant positive influence on board size, independence, in-
dustry expertise, and board tenure. However, it has a weak positive 
interaction with board diversity. This suggests that environmental teams 
moderate the relationship between board characteristics and environ-
mental products positively and significantly. This also implies that the 
existence and higher scores of corporate environmental teams improve 
the board’s effectiveness and role in attaining higher levels of EFP. 
Importantly, the findings show that the moderating role of environ-
mental teams in European corporates has a greater interaction effect 
with board characteristics than it is in Asian corporates. 

As a result, the current study adds to the strand literature in several 
ways. It contributes to the empirical literature on EFP and board char-
acteristics in developed and developing countries. This study examines 
how specific board characteristics may contribute to EFP in both 
developed and developing countries. Prior research on environmental 
and sustainability issues conducted in developed countries may be less 
relevant for emerging countries. We empirically respond to several calls 
for EFP studies from prior research that there is a need to investigate the 
determinants of EFP (Felix et al., 2022; Moser, 2016; Roozen, 1997; 
Shim et al., 2018). Unlike previous studies, the current study assessed 
the influence of environmental teams on the relationship between board 
characteristics and EFP. Further, a unique contribution of this study is 
that it investigates the effect of board characteristics on EFP, considering 
the level of ESG and environmental performance. The study proposed 
that corporates with high ESG and environmental performance have 
better levels of EFP. 

This study has some limitations that shed light on possible future 
research directions. First, the study investigates a sample comprised of 
Asian and European countries. A comparison between Asian and Euro-
pean countries was conducted. However, prior studies may control for 
the differences between developed and developing countries in this re-
gard. Further, future studies may extend the sample to include other 
regions or countries like America and others. Second, the study is limited 
to board characteristics. Therefore, it is suggested that future studies 
consider other governance characteristics, including the audit commit-
tee, auditing assurance, ownership structure, and other characteristics. 
Finally, the current study is also limited to firms’ specific variables; 
hence, another possible stream of research for future studies is the 
consideration of the cultural differences based on Hofstede’s cultural 
dimensions (1984) or country-level governance of the World Bank. 
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Ortas, E., Álvarez, I., Jaussaud, J., Garayar, A., 2015. The impact of institutional and 
social context on corporate environmental, social and governance performance of 
companies committed to voluntary corporate social responsibility initiatives. 
J. Clean. Prod. 108, 673–684. https://doi.org/10.1016/j.jclepro.2015.06.089. 

Ortiz-de-Mandojana, N., Aguilera-Caracuel, J., Morales-Raya, M., 2016. Corporate 
governance and environmental sustainability: the moderating role of the national 
institutional context. Corp. Soc. Responsib. Environ. Manag. 23 (3), 150–164. 
https://doi.org/10.1002/CSR.1367. 

Oware, K.M., Awunyo-Vitor, D., 2021. CEO characteristics and environmental disclosure 
of listed firms in an emerging economy: does sustainability reporting format matter? 
Business Strategy & Development 4 (4), 399–410. https://doi.org/10.1002/ 
bsd2.166. 

Peng, X., Zhang, R., 2022. Corporate governance, environmental sustainability 
performance, and normative isomorphic force of national culture. Environ. Sci. 
Pollut. Control Ser. 29 (22), 33443–33473. 
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