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Abstract

Drawing on legitimacy and stakeholder theories, this paper investigates how environmental innovation
affects managerial initiatives for carbon reduction and whether Chief Executive Officer (CEO) power
moderates this relationship. Based on a sample of 331 Latin American firms from 2010-2020, an index of
managerial initiatives for carbon reduction is the dependent variable. Feasible Generalized Least Squares
(FGLS) regression results indicate that environmental innovation positively influences managerial initiatives
for carbon reduction. The results also report that CEO power positively moderates this relationship. Further,
the presence of a corporate social responsibility (CSR) committee and firm size positively influence
managerial initiatives for carbon reduction, and leverage has a negative relationship with initiatives for
carbon reduction. The research reinforces the importance of environmental innovation in combating climate
change and global warming.

Keywords: Environmental Innovation; Carbon Reduction; CEO Power; Legitimacy Theory; Stakeholder
Theory

Resumo

Baseado nas teorias da legitimidade e stakeholders, este artigo investiga como a inovagdo ambiental afeta
as iniciativas gerenciais para a redugao de carbono e se o poder do Chief Executive Officer (CEQ) modera
esta relagdo. Foram analisadas observagdes de 331 empresas latino-americanas e como variavel
dependente utilizou-se um indice de iniciativas gerenciais para reducdo de carbono. Os resultados da
regressdo Feasible Generalized Least Squares (FGLS) indicam que a inovagdo ambiental influencia
positivamente as iniciativas gerenciais para a reducdo de carbono. Os resultados também mostram que o
poder do CEO modera positivamente esta relagdo. Além disso, o comité de responsabilidade social
corporativa e o tamanho da empresa influenciam positivamente as iniciativas gerenciais para redugéo de
carbono e a alavancagem tem uma relagdo negativa com estas iniciativas. A pesquisa reforga a importancia
da inovacdo ambiental no combate as mudangas climaticas e ao aquecimento global.

Palavras-chave: Inovacdo Ambiental; Reducdo de carbono; Poder do CEO; Teoria da Legitimidade; Teoria
dos Skakeholders

Resumen

A partir de las teorias de la legitimidad y los stakeholders, este articulo investiga cédmo la innovacién
ambiental afecta a las iniciativas de la gestion para la reduccién de carbono y si el poder del CEO modera
esta relacién. Sobre la base de una muestra de 331 empresas latinoamericanas entre 2010 y 2020, la
variable dependiente es un indice de iniciativas directivas para la reduccién del carbono. Los resultados de
la regresion por Feasible Generalized Least Squares (FGLS) indican que la innovacién ambiental influye
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positivamente en las iniciativas gerenciales para la reduccion de carbono. Los resultados también indican
que el poder del CEO modera positivamente esta relacion. Ademas, la presencia de un comité de
responsabilidad social corporativa (RSC) y el tamafo de la empresa influyen positivamente en las iniciativas
de la gestion para la reduccién del carbono, y el apalancamiento tiene una relacidon negativa con las
iniciativas para la reduccion del carbono. La investigacion refuerza la importancia de la innovacion ambiental
en la lucha contra el calentamiento global.

Palabras claves: Innovacion Ambiental; Reduccidén de carbono; Poder del CEQO; Teoria de la Legitimidad;
Teoria de los Stakeholders.

1 Introduction

Firms are increasingly aware that they must follow environmentally friendly practices due to
environmental problems, such as climate change. Climate change is a significant threat to the planet, with
stakeholders demonstrating concerns about organizations' commitment to climate change issues (Albitar et
al., 2023). Accordingly, carbon management is becoming popular among firms worldwide (Jiang et al.,
2021), with them adopting policies and procedures for reducing greenhouse gas (GHG) emissions
(Mahmoudian et al., 2021). Managerial initiatives for carbon reduction are strategic plans, processes,
policies, and actions used to deal with the adverse consequences of climate change (Haque & Ntim, 2020), i.
e., it refers to the actions of firms to reduce carbon emissions (Datt et al., 2018), due to pressure to
implement strategies that reduce carbon emissions (Gossling et al., 2023). These initiatives are essential to
corporate performance because high levels of carbon performance send a positive message to the market,
demonstrating that the firm has good carbon management (Ganda, 2021). Therefore, more consumers are
interested in products that minimize environmental damage (S. Long & Liao, 2021). A solution found by firms
to minimize the impacts of their activities is environmental innovation.

Environmental innovation refers to new or modified products, processes, techniques, and systems
that prevent or reduce environmental damage (Kemp & Pontoglio, 2011). Accordingly, eco-innovation
produces products that reduce carbon emissions and add value to the business (Mahmood et al., 2022).
This innovation can be developed by firms or non-profit organizations of a social, technological, institutional,
or organizational nature (Rennings, 2000). Environmental innovation is associated with a range of benefits,
including superior economic performance (Andries & Stephan, 2019; Farza et al.,, 2021; X. Long et al.,
2017), improved public image (Liao, 2018b), and reduced stock price crash risk (Zaman et al., 2021). Jiakui
et al. (2023) suggest that eco-innovation can boost green production by reducing transaction costs and
improving risk management. Moreover, environmental innovation projects are more likely to be undertaken
by more environmentally concerned Chief Executive Officers (CEOs) (Aibar-Guzman & Frias-Aceituno,
2021; Y. Wang et al., 2021).

CEO is responsible for policy formulation and corporate decision-making (Javeed et al., 2021). In this
regard, CEOs with comprehensive knowledge of the firm's activities tend to allocate resources efficiently to
create more value, including social value (F. Li et al., 2016; Rashid et al., 2020). Power refers to the ability of
individual actors to exercise their will (Finkelstein, 1992). In other words, power is an individual's relative
ability to change others' states (Keltner et al., 2003). CEO power refers to the CEQ's ability to overcome
opposing situations with other directors and existing uncertainties by influencing the firm's major decisions
(Pucheta-Martinez & Gallego-Alvarez, 2021), even if opposed by other executives (Adams et al., 2005).
Maswadi and Amran (2023) argue that CEO power can be a resource monitoring mechanism. Powerful
CEOs can change sustainability investment by influencing corporate decisions (Francoeur et al., 2021;
Sheikh, 2019). Moreover, firms with powerful CEOs can reduce corporate social irresponsibility (Jain &
Zaman, 2020).

Previous studies demonstrate the influence of environmental innovation on carbon emission
reduction (Cheng et al., 2021; Jiakui et al., 2023; Konadu et al., 2022; Luan et al., 2019; Meirun et al., 2021,
Tébelmann & Wendler, 2020; L. Wang et al., 2020; Y.-J. Zhang et al., (2017) and the impact of CEO power
on sustainability performance (Breuer et al., 2022; Fabrizi et al., 2014; Francoeur et al., 2021; Jiraporn &
Chintrakarn, 2013; Jizi et al., 2014; Y. Li et al., 2018; Pucheta-Martinez & Gallego-AIvarez, 2021; Walls &
Berrone, 2017; Y. Zhang et al., 2022). However, no studies address the influence of environmental
innovation on managerial carbon reduction initiatives and the moderating role of CEO power in this
relationship. Thus, this study seeks to fill this gap by showing this relationship in Latin America.

Based on the discussion above, this research aims to examine the influence of environmental
innovation on managerial carbon reduction initiatives and to analyze the moderating role in this relationship.
Theoretically, the study is based on legitimacy and stakeholder theories. Legitimacy and stakeholder
theories emphasize the external pressures from society (Luo & Tang, 2021). These theories focus mainly on
the non-financial benefits of sustainability activities (Hussain et al., 2023). However, Le and Ferasso (2022)
argue that firms that take care of stakeholders' interests and ensure the legitimacy of their activities tend to
have a competitive advantage. Further, legitimacy and stakeholder theories suggest that sustainable firms
seek to maintain a positive image and meet stakeholder expectations (Moussa et al., 2022).
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This paper has several contributions. First, Latin America is a vulnerable region rich in biodiversity
and an example of the threat posed by climate change (WWF, 2021). This region has four times the size of
Western and Eastern Europe combined with one of the most valuable ecosystems on the planet (Gallego-
Alvarez et al., 2018). Further, Latin America has particular characteristics in corporate governance, such as
the predominance of family-owned companies, low stakeholder orientation, and principal-principal conflict,
which refers to the conflict of interests between different shareholder groups (Husted & Sousa-Filho, 2019).
Thus, the study contributes by addressing the issues of carbon reduction initiatives, environmental
innovation, and CEO power in the Latin American context. Second, the study quantitatively examines the
relationship between environmental innovation and managerial initiatives for carbon reduction and the
moderating role of CEO power in this relationship. Finally, the use of the metrics of managerial initiatives for
carbon reduction (Haque & Ntim, 2020), environmental innovation (Konadu et al., 2022), and CEO power
(Aibar-Guzman & Frias-Aceituno, 2021; Garcia-Sanchez et al., 2021) from the Refinitiv database.

The remainder of this paper is structured as follows. The second section discusses the literature
review. Next, we discuss our data and methodology. The fourth section presents the empirical analyses of
the study, and section 5 discusses the results. Finally, the last section summarizes the conclusion,
theoretical and practical implications, limitations, and future research.

2 Theories and Hypotheses

This study uses legitimacy and stakeholder theories to explain the relationship between
environmental innovation and carbon reduction and the moderating effect of CEO power on this relationship.
Legitimacy refers to a generalized assumption or perception that an organization's actions are desirable or
appropriate in a system of socially constructed norms and values (Suchman, 1995). According to legitimacy
theory, a social contract exists between the firm and society, with managers adopting strategies to meet
society's expectations (Deegan et al., 2002). Z. Wang et al. (2023) suggest that a legitimacy gap exists when
firms fail to meet society's expectations. In this regard, firms need to maintain a good state of legitimacy,
allowed by society to continue to exist (Fernando & Lawrence, 2014).

Legitimacy theory argues that firms, to exist legally, strive to operate within the norms and
expectations of society (Lu & Taylor, 2018), i.e., firms must do more than comply with laws and
regulations(Luo & Tang, 2014). Accordingly, the firm's activities must be by society's values
(Nkundabanyanga et al., 2021), demonstrating a value system shared by the community (Luo & Tang,
2021). Moreover, pressure from stakeholders, especially media coverage, can influence the firm's legitimacy,
leading the firm to adopt strategies (Velte et al., 2020).

Stakeholders are individuals or groups who affect or are affected by the organization (Freeman,
1984). They argue that organizations usually classify stakeholders according to their goals. For example,
they can categorize stakeholders as primary or secondary (Marcon Nora et al.,, 2023). According to
stakeholder theory, organizations must act responsibly to avoid pressure from stakeholders and achieve a
better or "good" society (A. Russo & Perrini, 2010). Since the business context and the value creation
process have developed the stakeholder theory, researchers commonly use this theory in the study of firms
(Freeman et al., 2020). At this point, stakeholder theory seeks to understand the gap between academic
theory and practical reality (Ramoglou et al., 2023).

The literature has used stakeholder theory to connect responsible environmental management and
climate change topics (Jabbour et al., 2020). Stakeholders can exert social pressure by forcing firms to
implement eco-innovations to meet sustainability goals (Liao, 2018b). These innovations help reduce carbon
emissions by benefiting stakeholders and enabling long-term sustainable development (Luo & Tang, 2021).
In this regard, stakeholders demand substantive climate change strategies (Velte, 2021). Therefore,
environmentally friendly firms convince their stakeholders that they are acting in good faith (Datt et al., 2019),
improving the interaction with stakeholders (Bananuka et al., 2021).

2.1 Environmental innovation and managerial initiatives for carbon reduction

The challenges posed by human-induced climate change drive environmental innovation attractive to
the public as a strategy to reduce carbon emissions (Nylund et al., 2021). Eco-innovation enhances
corporate reputation (Farza et al., 2021), reduces environmental risks, and improves public image (Liao,
2018b). In this line, environmental innovation helps firms improve their environmental and financial
performance (D. Li et al., 2018). This innovation is easily associated with environmental aspects such as
environmental relief and emission reduction because innovations such as solar and wind energy, new
biofuels, or more efficient vehicles can reduce CO2 emissions (Tébelmann & Wendler, 2020).

Environmental innovation enables economic growth at the lowest possible cost to the environment
(Meirun et al., 2021). In other words, this innovation can drive sustainable economic growth (Luan et al.,
2019). Y.-J. Zhang et al. (2017) suggest that eco-innovation can reduce carbon emissions by minimizing the
environmental impact. Since eco-innovation conserves energy and improves the efficiency of products and
processes, it tends to reduce carbon emissions (Razzaq et al., 2023). Although it does not generate
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immediate financial gains, environmental innovation is crucial for controlling emissions (Konadu et al., 2022).
Accordingly, ecological innovation can foster more sustainable energy sources that reduce CO2 emissions
(L. Wang et al., 2020). Thus, environment-related innovation mitigates CO2 emissions by adopting clean
technologies in all carbon-intensive sectors and introducing environmentally friendly rules (Igbal et al., 2021),
increasing environmental sustainability (Khan et al., 2020).

Using the nonparametric data envelopment analysis and directional distance function (DEA-DFF)
model for a sample of 28 Chinese provinces between 2011 and 2021, Jiakui et al. (2023) found that green
innovation positively influences total green factor productivity. L. Wang et al. (2020) reported that ecological
innovation reduces carbon emissions in G7 countries from 1990 to 2017. Z. Khan et al. (2020) examined the
determinants of consumption-based emissions of the G7 economies (United States, Japan, Germany, United
Kingdom, France, Italy, and Canada) from 1990 to 2017. The results showed that environmental innovation
improves environmental sustainability. From a dataset of China's industrial sectors for the period 2000 -
2010, Luan et al. (2019) concluded that investment in research and development reduces carbon intensity.
Meirun et al. (2021) documented a negative relationship between green technology innovation and long-term
carbon emissions from 1990 to 2018 in Indonesia. Using a sample of 669 small and medium-sized
enterprises in the manufacturing sector in the United Arab Emirates, Singh et al. (2020) found that green
innovation positively influences environmental performance.

Konadu et al. (2022) examined the association between gender diversity and carbon emissions and
the moderating role of environmental innovation in this relationship from a sample of companies listed in the
Standards and Poor (S&P) 500 index over 2002-2018. The results suggest that carbon-intensive firms must
persistently invest in environmental innovation to reduce carbon emissions significantly. Y.-J. Zhang et al.
(2017) concluded that environmental innovation significantly impacted the reducing carbon emissions in
China during 2000-2013. Based on a sample of 219 Turkish firms from 2011-2016, Yurdakul and Kazan
(2020) found that environmental innovation has a positive direct effect on pollution prevention, resource-
saving, and recycling and a positive indirect effect on cost reduction. Jiao et al.( 2020) reported that green
technology reduces carbon intensity in 17 Chinese industries from 2000 to 2015. Kraus et al. (2020)
investigated the influence of green innovation on environmental performance in 297 Malaysian companies.
They found that green innovation positively influences environmental performance. Tébelmann and Wendler
(2020) examined the relationship between environmental innovation and carbon dioxide emissions in 27
European Union countries from 1992 to 2014. They revealed that environmental innovation contributes to
reduced carbon dioxide emissions. Similarly, using a quarterly dataset from 1991Q1 to 2017Q4 for China,
Cheng et al. (2021) concluded that environmental innovation negatively influences CO, emissions.

In summary, environmental innovation can enhance corporate legitimacy by improving the public
image, ensuring that the firm meets society's expectations. In addition, eco-innovation improves interaction
with stakeholders, allowing firms to take concrete action to reduce carbon. Therefore, based on the
legitimacy and stakeholder theories, the following hypothesis is proposed:

Hypothesis 1: Environmental innovation is positively associated with managerial initiatives for carbon
reduction

2.2 The moderating effect of CEO power on the environmental innovation— managerial initiatives for
carbon reduction nexus

CEO power influences corporate decision-making because the CEO plays a central role in corporate
governance (Javeed & Lefen, 2019; Pucheta-Martinez & Gallego-Alvarez, 2021). Firms with powerful CEOs
have operational efficiency (Zhao et al., 2023). These CEOs can quickly change the firm's strategy by
supporting uncertainty and facilitating decision-making processes (Jia et al., 2022). The greater the CEO's
power, the greater his influence on the firm's investment decisions (Shahbaz, 2019). Powerful CEOs also
can minimize the possibility of personal managerial use by monitoring the firm's decision-making (J. Lu et al.,
2021). Further, these CEOs have a crucial role in addressing climate change (Elsalih et al., 2020).

Powerful CEOs use their power to improve environmental performance due to shareholder action for
sustainable development (Walls & Berrone, 2017). According to Fabrizi et al. (2014), powerful CEOs engage
in sustainable activities to satisfy stakeholders and for a reputation issue. Since powerful CEOs have greater
societal scrutiny, they tend to engage more in CSR activities (Jizi et al., 2014). Accordingly, powerful CEOs
can invest in sustainability to enhance their reputation (Goéssling et al., 2023). Therefore, powerful CEOs,
such as CEOs who are at the same time chairman of the board, are more likely to be proactively involved in
environmental issues and realize the importance of carbon initiatives (Elsalih et al., 2020).

Increasingly, shareholders pressure CEOs to lead firms to be more environmentally responsible.
However, only powerful CEOs can effectively align stakeholder interests to make the firm greener (Walls &
Berrone, 2017). Hussain et al. (2023) argue that firms with powerful CEOs tend to commit to the community
and develop positive relationships with their stakeholders. Similarly, Y. Li et al. (2018) argue that more
powerful CEOs can increase stakeholder trust. Thus, firms with powerful CEOs can make large investments,
such as sustainability investments, with less difficulty (Francoeur et al., 2021).
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CEOs may consider corporate social performance as a business strategy that aligns their interests
with those of stakeholders (Jouber, 2019). Powerful CEOs may prefer a quiet life with investments in
sustainability to satisfy stakeholders (Francoeur et al., 2021). Accordingly, these CEOS may engage in
environmental issues as a commitment to stakeholders (Pucheta-Martinez & Gallego-Alvarez, 2021).

Powerful CEOs are less constrained by the board of directors when making decisions, such as
investing in eco-innovation (Aibar-Guzman & Frias-Aceituno, 2021). Since powerful CEOs tend to focus
more on the potential benefits of environmental innovation than on its cost and risk, they are more likely to
allocate resources to eco-innovation (Y. Zhang et al., 2022). Further, firms with powerful CEOs can more
quickly adopt innovative solutions (Hassan et al., 2023). Therefore, a more substantial power can enthuse
CEOs to allocate resources to research and development projects, improving eco-innovation (Goéssling et al.,
2023).

Walls and Berrone (2017) analyzed the relationship between formal and informal CEO power and
corporate environmental impact reduction, using a sample of 267 firms from 2001 to 2007. The results
revealed that CEO power reduces corporate environmental impact. Using a large sample of 32995
observations in 40 countries between 2007 and 2017, Breuer et al. (2022) concluded that more powerful
CEOs have higher CSR engagement. Y. Zhang et al. (2022) found that CEO power positively influences
environmental innovation in 1616 Chinese companies during 2008-2018. Using a sample of 350 UK firms, Y.
Li et al. (2018) reported that the effect of ESG disclosure on firm value is more pronounced when the CEO
power is higher. Based on a sample of 597 US firms from 2005 to 2009, Fabrizi et al. (2014) reported that
CEO power positively influences CSR engagement.

Using a sample of US commercial banks, Jizi et al. (2014) found that powerful CEOs positively
influence CSR engagement. From a sample of 1,370 companies collected from the Kinder, Lydenberg, and
Domini (KLD) database during 1995-2007, Jiraporn and Chintrakarn (2013) reported a positive relationship
between CEO power and CSR engagement. Pucheta-Martinez and Gallego-Alvarez (2021) documented that
CEO power positively influences environmental innovation in 4863 international companies from 2002 to
2017. Finally, Francoeur et al. (2021) concluded that powerful CEOs positively influence environmental
performance in 5222 US companies from 2007 to 2017.

Since powerful CEOs act to satisfy stakeholders to enhance their reputation, they tend to have a
greater concern for eco-innovation activities. Thus, CEO power can strengthen the relationship between
environmental innovation and managerial initiatives for carbon reduction. Based on the above discussion, we
propose the following hypothesis:

Hypothesis 2: CEO Power positively moderates the relationship between environmental innovation and
managerial initiatives for carbon reduction

3 Data and Methodology

This section includes a description of the sample and variables. Moreover, we explain the
multivariate analysis approaches.

3.1 Sample and data selection

Our sample consists of 2,137 firm-year observations from 331 firms in Argentina, Brazil, Chile,
Colombia, Mexico, and Peru between 2010 and 2020. These countries belong to the Morgan Stanley Capital
International (MSCI) Emerging Markets Latin America Index, representing large and mid-caps in 6 Emerging
Markets (EM) countries in Latin America. This index has 102 constituents and covers approximately 85% of
each country's free float-adjusted market capitalization (MSCI, 2021).

The sample is unbalanced because full data is unavailable for all firms and years. Refinitiv database
provides social and environmental information from more than 7000 companies worldwide and economic
information covering 88000 companies operating in more than 120 countries (Uyar et al., 2021). This
database covers more than 80% of different capital markets around the world (Paolone et al., 2022; Refinitiv,
2022b). Table 1 illustrates the sector classification used in this analysis based on the Global Industry
Classification Standard (GICS).

As is evident from the data in Table 1, the sample comprised eleven activity sectors. Companies
belonging to the financial sector represent 363 observations (16.9%), followed by the materials, utilities, and
consumer staples sectors at 341 (15.9%), 320 (14.9%), and 308 (14.4%) observations, respectively.
Information technology was the sector with the lowest representation, with 35 observations (1.6%).
Concerning countries, Brazil is the country with the most observations, with 910 (42.5%), followed by Mexico
and Chile with 397 (18,5%) and 321 (15.0%) observations, respectively.
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Table 1
Sample distribution by sector of activity and countries

Argentina Brazil Chile Colombia México Peru Total
Communication Services 13 30 10 4 25 0 82
Consumer Discretionary 14 145 21 3 38 0 221
Consumer Staples 28 101 44 16 90 29 308
Energy 16 43 11 12 2 0 84
Financials 31 115 56 65 68 28 363
Health Care 3 47 0 0 8 0 58
Industrials 24 95 43 9 69 13 253
Information Technology 5 24 6 0 0 0 35
Materials 20 118 36 20 81 66 341
Real State 12 35 10 0 11 4 72
Utilities 36 157 84 21 5 17 320
Total 202 910 321 150 397 157 2137

3.2 Measures
3.2.1 Dependent variable

Managerial initiatives for carbon reduction is the dependent variable, in line with previous studies
(Haque & Ntim, 2020). This variable is calculated as the ratio of the aggregate of 14 managerial initiatives for
carbon reduction to the total number of management initiatives for carbon reduction, with the highest value of
the variable indicating greater activism of the firm related to climate (Haque & Ntim, 2020). If the firm has a
managerial initiative for carbon reduction, it will take the value 1; otherwise, the value is zero. Table 2 depicts
the 14 management initiatives for carbon reduction.

Table 2

Managerial initiatives for carbon reduction

Indicator

Description

Emissions trading
Waste reduction initiatives

Policy water efficiency
Renewable energy use
Green buildings

Land environmental impact
reduction

Toxic chemicals reduction

Policy sustainable
packaging

ISO 14000 or EMS
Environmental Partnerships

Biodiversity Impact
Reduction

Environmental Project
Financing

Policy Energy Efficiency
Climate Change
Commercial Risks
Opportunities

Water Technologies

Does the company report on its participation in any emissions trading initiative?

Does the company report on initiatives to recycle, reduce, reuse, substitute, treat or phase
out total waste?

Does the company have a policy to improve its water efficiency?

Does the company make use of renewable energy?

Does the company report about environmentally friendly or green sites or offices?

Does the company report on initiatives to reduce the environmental impact on land owned,
leased or managed for production activities or extractive use?

Does the company report on initiatives to reduce, reuse, substitute or phase out toxic
chemicals or substances?

Does the company have a policy to improve its use of sustainable packaging?

Does the company claim to have an ISO 14000 or EMS certification?

Does the company report on partnerships or initiatives with specialized NGOs, industry
organizations, governmental or supra-governmental organizations, which are focused on
improving environmental issues?

Does the company report on its impact on biodiversity or on activities to reduce its impact
on the native ecosystems and species, as well as the biodiversity of protected and
sensitive areas?

Does the company claim to evaluate projects on the basis of environmental or biodiversity
risks as well?

Does the company have a policy to improve its energy efficiency?

Is the company aware that climate change can represent commercial risks and/or
opportunities?

Does the company develop products or technologies that are used for water treatment,
purification or that improve water use efficiency?

3.2.2 Independent and moderating variables

This study uses environmental innovation score retrieved from the Refinitiv database. The

environmental innovation score reflects a company's capacity to reduce its customers' environmental costs
and burdens, creating new market opportunities through new environmental technologies and processes or
eco-designed products (Refinitiv, 2022a). In other words, this score measures the extent of firms' investment
in sustainability-related projects (Wedari et al., 2023). In contrast to other CSR measures that rely solely
upon voluntarily disclosed information, the eco-innovation score considers objective data, such as spending
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on research and development leading to green product innovation (Meles et al., 2023). The environmental
innovation score developed by Refinitiv includes using technologies for renewable energy, reports on eco-
designed products, and recycling initiatives (Gémez-Bolafios et al., 2022). Previous studies have used this
score as a proxy for environmental innovation (Fiorillo et al., 2022; Meles et al., 2023; S. Russo et al., 2022;
Wedari et al., 2023). Furthermore, eco-innovation ranges from 0 to 100, with values close to 100 indicating
excellent transparency and performance (Meles et al., 2023). See the variables description in Table 3.

Table 3

Variables description

Variable Variable name Model name  Proxy

name

Dependent Managerial initiatives for CARB Managerial initiatives for carbon reduction items/ total
carbon reduction number of items (14)

Independent  Environmental innovation EIP Environmental innovation score from Refinitiv database
performance

Moderator CEO power CEOPOWER CEO power items/total number of items (3)

Control CSR sustainable committee CSR Dummy variable equals 1 if the company has CSR

sustainable committee, and otherwise 0

Control Board size BSIZE Total number of board members

Control Profitability ROA Income after taxes for the fiscal period/Total assets

Control Leverage LEV Total debt/total assets

Control Firm size FSIZE Natural logarithm of total assets

CEO power reflects the CEO's ability to influence corporate decisions (Pathan, 2009). Following
(Aibar-Guzman & Frias-Aceituno, 2021; Garcia-Sanchez et al., 2020), we calculate CEO power as an
indicator that reflects three dimensions related to CEO power: (i) the CEO is a member of the board of
directors, (ii) the CEO exercise as chairman of the board of directors, and (iii) the percentage of executive
directors on the board of directors is higher than average). A value of 1 is assigned for each indicator of CEO
power that the company has and 0 otherwise. Thus, CEO power is the ratio of the firm's CEO power score to
the total number of items, which in this case is 3.

3.2.3 Control variables

We include control variables at the board and firm level that can affect the managerial initiatives for
carbon reduction. At the board level, we included the CSR committee and board size. CSR committee is a
dummy variable that equals 1 if the firm has a CSR committee, and otherwise 0. The CSR committee has
members with experience and knowledge in sustainability, which allows greater stakeholder confidence in
the firm's activities (Martinez-Ferrero et al., 2021). Thus, we expect a positive relationship between the CSR
committee and managerial initiatives for carbon reduction. Board size is the total number of board members.
A larger number of directors can include experts in environmental issues, helping to overcome the
uncertainty often involved in implementing sustainable initiatives (Garcia Martin & Herrero, 2020). In
addition, more proficient directors deal efficiently with issues such as biodiversity and pollution (Aksoy et al.,
2020). Thus, we expect a positive relationship between board size and managerial initiatives for carbon
reduction.

At the firm level, we include profitability, leverage, and firm size. Profitability is the ratio between
income after taxes for the fiscal period and total assets. Since profitable firms are more subject to external
pressure from stakeholders, they tend to reduce carbon emissions (Kyaw, 2022). Thus, we expect a positive
relationship between profitability and managerial initiatives for carbon reduction. Leverage is the ratio
between total debt and total assets. Leveraged firms have more obligations to their creditors, which
decreases the flexibility to use their money for sustainable activities (Alam et al., 2022). Thus, we expect a
negative relationship between leverage and managerial initiatives for carbon reduction. Finally, firm size is
the natural logarithm of total assets. Large firms have more resources to invest in social and environmental
activities and receive higher pressure to perform better environmentally (Chen & Hamilton, 2020). Thus, we
expect a positive relationship between firm size and managerial initiatives for carbon reduction.

3.3 Empirical models

Regression analysis makes the time-varying association between the dependent and independent
variables and the sample structure (Uyar et al.,, 2021). We perform statistical tests to determine the
appropriate econometric method. The Breusch-Pagan Lagrange multiplier test is applied to verify
heteroscedasticity, and the result presented statistical significance (p<0.01), rejecting the null hypothesis,
which indicates heteroscedasticity. We perform the Wooldridge test to check for first-order autocorrelation in
the panel data. The results report statistical significance (p<0.01), which proves the existence of first-order
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autocorrelation. Thus, to deal with the problems of autocorrelation and heteroscedasticity, we used Feasible
Generalized Least Squares (FGLS).

FGLS provides reliable estimates in the presence of autocorrelation and heteroscedasticity (Reed &
Ye, 2011). This method is more reliable than Ordinary Least Square for dealing with autocorrelation and
heteroscedasticity (Rao & Griliches, 1969). The FGLS estimator is an ordinary least squares estimator
applied to a regression that eliminates autocorrelation and heteroscedasticity (Symeou et al., 2019). All
variables were subjected to winsorization by winsorizing the lower and upper 1% tails, replacing the extreme
values with winsorized or trimmed values at both ends. The winsorization step alleviates the large
asymmetry in the distribution of these variables (Uyar et al., 2021). Thus, to verify the influence of
environmental innovation on managerial initiatives for carbon reduction and the moderating effect of CEO
power on this relationship, the following models are estimated:

CARB = Bo+ B1EIP;; + B, CEOPOWER ;¢ + B3 CSR ;; + B4 BSIZE ;; + Bs ROA ;; + B LEV ;¢ + B7 FSIZE ;s + € ;;
(1)

CARB ;= B¢+ B4EIP;; + B, CEOPOWER ;; + B3 EIP ;; * B, CEOPOWER ;;+34CSR ;; + B5 BSIZE ;; + B¢ ROA
it ¥ B7LEV 1 + B FSIZE ;; + £ : (2)

where, CARB is the managerial initiatives for carbon reduction. EIP is the environmental innovation performance.
CEOPOWER is the CEO power in the firm. CSR is the CSR sustainable committee. BSIZE is the board size. ROA is the
firm profitability. LEV is the firm leverage. FSIZE is the firm size. The subscripts i and t refer to firm i and year t. All
continuous variables are winsorized at the 1st and 99th percentiles. Moreover, Bo is the intercept and 1 ... Bn are the
regression coefficients and &;; is the remainder error term.

4 Results

This section provides the summary statistics, correlation, and regression analysis results.
Furthermore, we present the results of the robustness tests.

4.1 Descriptive statistics

Table 4 reports the results for the descriptive statistics. This table consists of indicators: observation,
mean, standard deviation, minimum and maximum. The mean value of CARB is 0.320, similar to Haque and
Ntim (2020). They reported a mean value of 0.367 for management carbon reduction initiatives in 494
European companies from 2002 to 2016. Moreover, the CARB values range from 0 to 0.733 with a standard
deviation of 0.209.

Table 4

Descriptive statics

Variables N Mean SD Minimum Maximum
CARB 2137 0.320 0.209 0 0.733
EIP 2137 21.22 30.55 0 95.66
CEOPOWER 2137 0.238 0.256 0 0.666
CSR 2137 0.551 0.497 0 1
BSIZE 2137 10.43 3.939 4 23
ROA 2137 0.748 0.721 -0.160 0.365
LEV 2137 0.282 0.167 0 0.775
FSIZE 2137 20.91 1.939 14.23 25.62

Note: Note: This table presents the summary statistics. The sample consists of 331 Latin America firms from 2010-2020.
All continuous variables have been winsorized at the 1st and 99th percentiles.

The average environmental innovation score is 21.22, lower than the studies of Burkhardt et al.
(2020), Rahman et al. (2021), and Ellimaki et al. (2023), that obtained average scores of 77.44, 67.78, and
33,61. In addition, the eco-innovation score ranges from 0 to 95, with a standard deviation of 30.55. The
average CEO power is 0.238, which is lower than Aibar-Guzman and Frias-Aceituno (2021), which revealed
an average of 1.915 in 70 countries from 2002-2017. Moreover, CEO power ranges from 0 to 0.666 with a
standard deviation of 0.256.

4.2 Correlation matrix

Table 5 presents the correlation matrix. We use the correlation matrix in our study in order to
measure the strength and direction of the linear relationship between our dependent variable and the
independent and control variables. The results indicated that managerial initiatives for carbon reduction had
a significant positive correlation with environmental innovation performance, CSR committee, board size,
leverage, and firm size. Furthermore, we addressed the multicollinearity issue by investigating the Variance
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Inflation Factors (VIFs) of the independent variables of the proposed models. Thus, the VIF values of the
proposed models ranged from 1.02 to 1.27, indicating that the study does not present a multicollinearity
problem since the VIF did not exceed 10.

Table 5
Correlation matrix and variance inflation factor (VIF)

(1) ) ©) (4) (®) (6) (7) (8) VIF
(1) CARB 1.00
(2) EIP 0.46* 1.00 1.17
(3) CEOPOWER 0.02 0.03 1.00 1.02
(4) CSR 0.57* 0.33* 0.01 1.000 1.17
(5) BSIZE 0.19* 0.11* 0.08* 0.13* 1.000 1.07
(6) ROA 0.03 -0.04* 0.02 0.02 0.06* 1.000 1.05
(7) LEV 0.17* 0.10* 0.05* 0.12* 0.04* -0.10* 1.000 1.18
(8) FSIZE 0.41* 0.24* 0.07* 0.22* 0.20* -0.11* 0.46* 1.000 1.27

Note: This table presents a correlation matrix among dependent, independent and control variables. The sample consists
of 331 Latin America firms from 2010-2020. All continuous variables have been winsorized at the 1st and 99th
percentiles. .* denotes significance of 0.05.

4.3 Multivariate analysis

Table 6 presents the results of the FGLS regression. The study used the stages routine in the
STATA 16 program. Hypothesis 1 argues that environmental innovation increases the likelihood of adopting
management carbon reduction initiatives. Model (1) in Table 6 shows that the coefficient of eco-innovation is
positive and significant (coefficient: 0.001; p-value <0.005). The results indicate that environmental
innovation positively influences managerial carbon reduction initiatives. This supports Hypothesis 1.

Hypothesis 2 predicts that CEO power positively moderates the relationship between eco-innovation
and carbon reduction initiatives. As Model (2) in Table 6 reports, the coefficient of the interaction term
between eco-innovation and CEO power is positive and significant (coefficient: 0.001; p-value <0.005). This
evidence suggests that CEO power strengthens the relationship between environmental innovation and
managerial carbon reduction initiatives. Thus provides support for Hypothesis 2.

Table 6
Results

Dependent variable: Managerial initiatives for carbon reduction

Feasible Generalized Least Squares

Model 1 Model 2

Coefficient p-value Coefficient p-value
EIP 0.001 0.000*** 0.001 0.000***
CEOPOWER -0.012 0.176 -0.015 0.154
EIP*CEOPOWER 0.001 0.000***
CSR 0.124 0.000*** 0.136 0.000***
BSIZE 0.001 0.068* 0.001 0.310
ROA 0.500 0.051* 0.038 0.117
LEV -0.066 0.000*** -0.094 0.000***
FSIZE 0.027 0.000*** 0.029 0.000***
Constant -0.347 0.000*** -0.357 0.000***
Observations 2047 2047
Firms 307 307
Wald chi2 3083.79 0.000*** 2714.53 0.000***
Period 11 11

Note: The table shows the results of the Feasible Generalized Least Squares models for the sample consisting of 331
Latin America firms from 2010-2020. All continuous variables have been winsorized at the 1st and 99th percentiles. ***,
** * indicate significance at the level of 1%, 5%, and 10%.

Regarding the control variables, firms with a CSR committee tend to adopt carbon reduction
initiatives. Similarly, larger firms are more likely to engage in activities that reduce carbon emissions. On the
other hand, leveraged firms are less inclined to develop low-carbon-oriented policies.

4.4 Robustness analysis

Based on the studies by Daniel-Vasconcelos et al. (2022), Gallén and Peraita (2018), Naeem et al.
(2023), and Wen et al. (2023), we employ the Panel-Corrected Standard Error (PCSE) estimator as an
alternative method. Since FGLS may overestimate the significance of the coefficients (Beck & Katz, 1995),
the performance of PCSE may be better than the FGLS estimator in samples where the number of periods is
equal to or greater than the number of cross sections (Hossain, 2016). Wen et al. (2023) suggest that PCSE,
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like FGLS, is an efficient method for overcoming heteroscedasticity among panel data and simultaneous
intergroup correlation. The PCSE estimator is based on OLS estimation and can, in certain specifications,
generate the same coefficients and standard errors as the OLS estimator (Afonso et al., 2021). Thus, we
used PCSE for robustness analysis. Table 7 shows the results.

Table 7
Results

Dependent variable: Managerial initiatives for carbon reduction

Panel-Corrected Standard Error

Model 1 Model 2

Coefficient p-value Coefficient p-value
EIP 0.001 0.000*** 0.001 0.000***
CEOPOWER -0.016 0.251 -0.018 0.279
EIP*CEOPOWER 0.001 0.000***
CSR 0.124 0.000*** 0.136 0.000***
BSIZE 0.001 0.303 0.005 0.485
ROA 0.067 0.071* 0.051 0.182
LEV -0.053 0.029** -0.062 0.014**
FSIZE 0.025 0.000*** 0.028 0.000***
Constant -0.322 0.000*** -0.359 0.000***
Observations 2073 2073
Firms 331 331
R-squared 0.206 0.000*** 0.144 0.000***
Period 11 11

Note: The table shows the results of the Panel-Corrected Standard Error for the sample consisting of 331 Latin America
firms from 2010-2020. All continuous variables have been winsorized at the 1st and 99th percentiles. ***, **, * indicate
significance at the level of 1%, 5%, and 10%.

Models 1 and 2 in Table 7 show similar results, indicating that environmental innovation positively
influences the adoption of carbon reduction initiatives. The results suggest that CEO power strengthens the
relationship between eco-innovation and carbon-oriented policies. In addition, the presence of a CSR
committee and firm size encourages adopting carbon reduction practices. On the other hand, leverage leads
firms to be less environmentally friendly.

5 Discussion

This research evidences that environmental innovation favors the adoption of carbon reduction
initiatives. The results reveal that environmental innovation can improve the firm's public image by
legitimizing its activities. Moreover, environmental innovation can meet stakeholders' demands by improving
the firm's communication with stakeholders, which supports legitimacy and stakeholder theories.

The findings are in line with Cheng et al. (2021), Jiakui et al. (2023), Konadu et al. (2022), Luan et al.
(2019), Meirun et al. (2021), Tébelmann and Wendler (2020), L. Wang et al. (2020) and Y.-J. Zhang et al.
(2017). Jiakui et al. (2023) suggest that eco-innovation can boost green production by reducing transaction
costs and improving risk management. Since environmental innovation is crucial for shifting the industrial
structure towards more sustainable energy sources, this innovation can reduce carbon emissions (L. Wang
et al., 2020). Luan et al. (2019) conclude that increased research and development activities are beneficial
for reducing carbon intensity. The results demonstrate that greenhouse gas reduction may depend on
innovative technologies such as carbon storage and bioenergy (Erla Jonsdottir et al., 2023). Therefore,
green innovation is a crucial resource for firms to improve their environmental performance by gaining
goodwill from stakeholders (Singh et al., 2020).

Yurdakul and Kazan (2020) suggest that eco-innovation reduces air pollution. Accordingly, eco-
innovation can be a solution to eradicate carbon emissions in a planned way (Meirun et al., 2021). Razzaq et
al. (2023) argue that green technology innovation reduces carbon emissions by improving the efficiency of
products and processes. Similarly, Erla Jonsdottir et al. (2023) document that technologies such as carbon
capture can help reduce greenhouse gases. Green innovation improves sustainability performance by
reducing carbon emissions (Kraus et al.,, 2020). Y.-J. Zhang et al. (2017) argue that improving eco-
innovation capacity is crucial for reducing carbon emissions.

The results indicate that CEO power positively moderates the relationship between eco-innovation
and carbon reduction initiatives. In other words, environmental innovation, through CEO power, influences
carbon performance. The results are consistent with stakeholder theory. Powerful CEOs are more likely to
have better dialogue with stakeholders to safeguard their reputation.

The power of the CEO can act as a catalyst that turns shareholder activism into a crucial driver of
corporate greening (Walls & Berrone, 2017). Sheikh (2019) argues that powerful CEOs may overinvest in
CSR to enhance their reputations. A more substantial power can enthuse CEOs to allocate resources to
research and development projects, improving eco-innovation (Y. Zhang et al., 2022). Breuer et al. (2022)
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conclude that powerful CEOs tend to engage more in CSR. CEOs' primary goal is to simultaneously satisfy
multiple stakeholders' objectives (Harper & Sun, 2019).

Fabrizi et al. (2014) suggest that powerful CEOs tend to feel less pressure from the market, which
allows them to concern themselves with issues beyond shareholders' financial interests. Since more
powerful CEOs tend to be attracted to the potential rewards of eco-innovation, they are more likely to
overlook the risks and uncertainties of environmental innovation (Y. Zhang et al., 2022). Jizi et al. (2014)
suggest powerful CEOs engage in CSR activities because of greater societal exposure. In addition, powerful
CEOs can better manage the interests of investors and the board of directors (Yuan et al., 2023)

Regarding the control variables at the board level, the presence of a CSR committee positively
influences the adoption of carbon reduction management initiatives, indicating that companies with a CSR
committee effectively manage relationships with stakeholders, demonstrating a commitment to sustainability
issues (Kili¢ et al., 2021). Orazalin and Mahmood (2021) found that the CSR committee positively influences
environmental performance from a sample of 3023 annual observations of European companies between
2009 and 2016.

Regarding the control variables at the firm level, leverage negatively influences managerial initiatives
for carbon reduction, indicating that more indebted companies have less cash flow to invest in environmental
activities (Jouber, 2021). Firm size positively influences managerial initiatives for carbon reduction,
suggesting that larger firms invest more in environmental initiatives because they have more
stakeholders(Pareek et al., 2021). Table 8 summarizes the acceptance or rejection of all hypotheses.

Table 8

Acceptance or rejection of the hypotheses

Hypothesis Level of support
1 Hypothesis 1: Environmental innovation is positively associated with managerial Accepted

initiatives for carbon reduction

2 Hypothesis 2: CEO Power positively moderates the relationship between environmental  Accepted
innovation and managerial initiatives for carbon reduction

In summary, the empirical results indicate that environmental innovation positively influences
managerial initiatives for carbon reduction, supporting hypothesis 1. The results are in line with legitimacy
and stakeholder theories, suggesting that environmentally innovative firms seek to become legitimate in
society and meet stakeholders' needs by engaging in carbon reduction initiatives. The empirical results also
indicate that CEO power positively moderates the environmental innovation - initiatives for carbon reduction
link.

6 Conclusions

Based on a sample of 331 Latin American firms from 2010 to 2020, this study examines the effect of
eco-innovation on managerial carbon reduction initiatives and the moderating role of CEO power in this
relationship. The results show that environmental innovation positively affects the adoption of carbon
reduction initiatives, and the evidence also indicates that CEO power strengthens this relationship.

The study has important practical implications. First, most studies involving environmental issues are
conducted in developed countries, so there is a lack of studies on this issue in regions characterized by
developing countries, such as Latin America. In the context of Latin America, where there is an increase in
the frequency and intensity of climate change (Azécar et al., 2021), with countries still dependent on fossil
fuels for energy generation (Montalbano & Nenci, 2019) and with energy consumption increasing mainly due
to the growth of the middle class and urban population (Vural, 2021), there is a need for the adoption of
carbon reduction initiatives. Thus, environmental policies such as carbon reduction initiatives must be re-
examined in Latin America. Second, the study has implications for policymakers and investors by
demonstrating the need for mechanisms encouraging environmental innovation from Latin American firms
because more environmentally innovative firms influence the engagement of carbon reduction initiatives.
This evidence suggests that powerful CEOs are essential in environmental policy-making in firms. Finally,
the study's results may motivate managers to adopt environmental innovation policies because these
policies influence carbon reduction initiatives. Thus, environmental innovation is crucial for companies to
improve their carbon performance (Konadu et al., 2022).

The study also has important theoretical implications. Our results align with legitimacy theory, which
states that environmentally innovative firms invest in environmental issues to become legitimate in society
and have a good reputation, maintaining their legitimacy status. The results also align with stakeholder
theory, suggesting that engaging in environmental innovation allows firms to serve stakeholder interests by
encouraging carbon reduction managerial initiatives.

The study has limitations. First, some firms do not disclose environmental information, such as
carbon reduction management initiatives and environmental innovation. Second, the study has only a
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quantitative approach. Finally, the study is focused only on Latin American countries. Future research could
use other databases, such as Bloomberg, to verify environmental information, and, finally, future studies
could study the reality of other countries with different institutional characteristics.
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