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Against the backdrop of global climate change, corporate carbon emissions
have increasingly become a focal point, making carbon reduction by
companies a pivotal issue. Based on data from Chinese listed
manufacturing companies from 2010 to 2020, this paper explores the
impact of ESG performance on carbon reduction. The results indicate that
ESG performance significantly reduce corporate carbon emissions. Green
technology innovation, corporate efficiency, and managerial short-
sightedness are vital channels through which ESG promotes corporate
carbon reduction. For companies with different environmental regulations,
industry competition intensities, and capital intensities, the relationship
between ESG performance and carbon reduction varies significantly.
Notably, we found that in companies with strict environmental regulations,
intense industry competition, and high capital intensity, the carbon-reducing
effect of ESG performance is more pronounced. Furthermore, digital
transformation positively moderates the relationship between ESG
performance and carbon reduction. This study not only provides new
empirical evidence for understanding the impact of ESG performance on
carbon reduction but also offers valuable insights for businesses and
policymakers to promote corporate efforts in carbon reduction and
achieve China’s "“Dual Carbon” goals.

KEYWORDS
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1 Introduction

With the climate change and issues of income inequality on the rise recently,
sustainability has taken center stage in the growth of the world. All facets of society
should take notice as serious concerns to human health, social cohesiveness, and
economic growth are posed by issues of environmental degradation. Corporations,
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which are vital to economic activity, have a duty to push society
toward sustainable development. This means that businesses must
develop business models that balance economic efficiency and
sustainable growth while pursuing profit maximization, actively
adopting the ESG (Environmental, Social, and Governance)
concept. ESG is the idea of incorporating environmental, social,
and corporate governance considerations into financial and
operational choices. It acts as a benchmark for businesses to track
and manage their performance and a crucial criterion for investors
to gauge and assess the social responsibility and capacity for
sustainable development of businesses (Pulino et al., 2022; Zhou
et al, 2023). In delving deeper into the ESG framework, it is
essential to understand how each of its components—
Environmental, Social, and Governance—uniquely contributes to
carbon reduction and sustainable development. The environmental
aspect of ESG emphasizes a company’s role in stewarding natural
resources and minimizing ecological footprints, directly impacting
carbon emissions through practices like energy efficiency, waste
reduction, and sustainable resource utilization. The social
dimension focuses on a company’s management of relationships
with employees, suppliers, customers, and communities where it
operates, indirectly affecting carbon emissions by promoting a
broader culture of sustainability and responsible consumption.
Lastly, the governance component, involving management
structures, policies, and procedures, ensures accountability
and transparency in environmental and social practices,
supporting carbon reduction goals through sustainable decision-
making processes.

The basic tenet of ESG stresses that businesses should prioritize
social responsibility, environmental protection, and improved
corporate governance in addition to pursuing financial goals like
profit. Additionally, it tries to help investors assess a company’s
sustainability to make wise investment choices. The ESG idea is
currently growing quickly in the business, regulatory, and financial
sectors worldwide (Agliardi et al., 2023; Liu et al., 2023; Zhang et al.,
2023b). Global ESG assets were predicted to be at $22.839 trillion in
2016 and will rise to $35.3 trillion in 2020, a rise of 54.56 percent
from 2016. This is according to the Global Sustainable Investment
Alliance (GSIA). In addition, the number of parties who have
ratified the PRI (Principles for Responsible Investment) and the
size of managed assets both keep expanding. 3,826 institutions
signed the PRI as of 2021, controlling $121.3 trillion in total assets.
In contrast, only 890 institutions signed the PRI in 2011 and only
$24 trillion worth of assets were under their management (Mao and
Wang, 2023).

Since the proposal of the “carbon peak and carbon neutrality”
goals, China’s emphasis on ESG has increased as society has become
more aware of the ESG performance of corporations. The China
Securities Regulatory Commission (CSRC) amended the
“Corporate Governance Guidelines for Listed Businesses” in 2018,
which stipulates that listed companies must disclose information
about corporate governance, social responsibility, and
environmental protection. ESG data is one of the items for
communication between listed firms and investors in investor
relations management, according to the “Guidelines for Investor
Relations Management of Listed Companies” published by the
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CSRC in April 2022. Statistics from the China Listed Businesses
Association on information disclosure show that over 1,700
companies produced and disseminated ESG-related reports for
2022, accounting for 34%, a major increase from the prior year.
The economic performance and social implications of ESG will be
more apparent as Chinese companies increase their focus on it,
which will help to improve their long-term competitiveness and
reputation abroad. The “dual carbon” strategy and high-quality
development goals of China are also closely aligned with ESG,
which is a key factor in accelerating China’s sustainable economic
development and achieving the “carbon peak” and “carbon
neutrality” targets (Yan et al, 2020; Li et al., 2023a; Zheng
et al, 2023).

Addressing global climate change and achieving low-carbon
development are shared goals of the international community. The
“14th Five-Year Carbon Reduction Action Plan” clearly states that
promoting low-carbon technology innovation and industrial
upgrading during the “14th Five-Year Plan” period is the core
task for realizing green development and building an ecological
civilization. It’s also a crucial path to practice the concept of
sustainable development and advance the global ecological
civilization construction (Wen et al, 2023). The report of the
20th National Congress of the Communist Party emphasizes the
need to vigorously develop a green, low-carbon economy, improve
energy efficiency, and strive to achieve carbon peak and carbon
neutrality goals. The “Government Work Report” of 2022 further
points out the necessity to accelerate the green, low-carbon
transition, deepen the national carbon emission rights trading
market and promote adjustments in industrial and energy
structures to achieve carbon emission reductions. In this context,
the ESG performance of enterprises plays a pivotal role in their
efforts towards carbon reduction and addressing climate change.
Companies with good ESG performance typically excel in areas like
environmental protection, resource utilization, and energy
efficiency, helping them reach carbon reduction goals (Sun et al,
2023; Li et al., 2023c). These companies also tend to have more
investment and financing opportunities, as many investors and
financial institutions now lean towards supporting businesses with
commendable ESG records (Long et al., 2023; Xu et al., 2023; Zhang
et al., 2023b). However, despite the widely acknowledged
importance of ESG, how companies can ensure effective carbon
reduction and other ESG goals while pursuing economic gains
remains a challenge in practice. Moreover, there may be significant
disparities in carbon reduction and ESG practices across different
companies, industries, and regions. Thus, against the backdrop of
China’s pursuit of carbon neutrality and sustainable development
goals, it’s imperative to explore how corporate ESG performance
assist in achieving carbon reduction targets, enhance energy
efficiency, provide robust support for a low-carbon economy, and
contribute to social and economic development. This article will
delve into this critical topic, combining theoretical frameworks with
empirical data.

ESG is rapidly developing globally and has received widespread
attention from scholars both domestically and internationally. ESG
performance significantly impacts corporate value and performance
(Yu and Xiao, 2022), reduces corporate financing costs (El Ghoul
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et al, 2011; Fang and Hu, 2023; Ning and Zhang, 2023), lowers
corporate risks (Albuquerque et al., 2019; Yu and Xiao, 2022), and
promotes foreign direct investment (Zhang et al., 2022). Although
corporate social responsibility and sustainable development topics
have garnered widespread attention, research on whether and how
ESG performance influence corporate carbon reduction remains
relatively limited. In terms of carbon reduction research, most
existing literature focuses on the impact of policy tools and
technological advancement on corporate carbon emissions. In
contrast, literature related to the environmental factors in the
ESG topic primarily focuses on the relationship between
environmental performance and corporate performance. For
instance, Pei et al. examined the impact of environmental
regulations on corporate carbon emission efficiency (Pei et al,
2019); and Zhang et al. (2022) explored the potential impact of
corporate social responsibility on carbon reduction. Nevertheless,
these studies did not systematically explore the impact of ESG
performance on corporate carbon reduction. Therefore, this
research aims to investigate from a fresh perspective of ESG
performance, utilizing data from Chinese listed manufacturing
companies from 2010 to 2020, to deeply examine how ESG
performance impact corporate carbon reduction behaviors and
their underlying mechanisms. This research helps reveal the role
of ESG performance in propelling corporations to achieve carbon
neutrality, providing strategic recommendations for governments
and corporations. Simultaneously, it offers a novel theoretical and
empirical perspective on the relationship between ESG and
corporate carbon emissions.

Compared to existing research, this paper may have made
marginal contributions in the following areas.

Firstly, this paper is among the first to explore how ESG
performance influence corporate carbon reduction behaviors.
Although ESG in relation to corporate sustainability and social
responsibility has become a hot research topic, most literature
mainly focuses on how ESG impacts corporate value,
performance, financing costs, risks, and foreign direct
investments, among others (El Ghoul et al., 2011; Albuquerque
et al., 2019; Wu et al., 2022; Xie et al., 2022; Xie et al., 2022; Li et al.,
2023a; Wang et al., 2023a). The specific impact of ESG performance
on corporate carbon reduction behaviors remains largely
unexplored. Thus, from the perspective of corporate carbon
reduction behaviors, this paper provides new insights into the
relationship between ESG and climate change.

Secondly, this paper further enriches and enhances research on
carbon reduction and corporate behaviors. Most relevant to the
research theme is how sustainable or green development affects
corporate carbon emissions. However, most literature typically
discusses the impact of green development on carbon emissions
indirectly from a macro perspective, such as from the angle of
environmental regulatory policies (Chen, 2022; Cong et al., 2022;
Cahyono et al., 2023; Chen et al., 2023; Chen et al., 2023; Deng et al.,
2023). Unlike the aforementioned literature, this paper directly
analyzes the impact of corporate ESG performance on their carbon
reduction behaviors from a micro perspective. More importantly,
most existing literature usually only focuses on the environmental
factors (E) in ESG, while the core metric in this paper
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(ESG performance) encompasses corporate performances in
environmental protection, social responsibility, and corporate
governance, offering a more comprehensive and systematic
perspective for the research on carbon emissions and
corporate behaviors.

Thirdly, in terms of influencing mechanisms, although some
literature has explored from various angles how ESG impacts
corporate carbon reduction, these studies mainly concentrate on a
single or dual dimensions. In contrast, this paper systematically
delves into how ESG performance influence corporate carbon
reduction behaviors from three core dimensions: financing
constraints, innovation efficiency, and risk-taking. Specifically,
this paper discovers that ESG performance can promote
corporate carbon reduction goals by alleviating corporate
financing constraints, enhancing innovation efficiency, and
rationalizing risk-taking. The exploration of these three
mechanisms helps to understand more comprehensively and
deeply the intrinsic connection between ESG performance and
corporate carbon reduction behaviors.

Fourthly, in addition to exploring the impact of ESG
performance on corporate carbon reduction behaviors, this paper
further investigates from the perspective of digital transformation
how ESG assists corporations in achieving low-carbon goals in the
digital age. With the rapid development of digital technology,
corporations face different carbon emission pressures and
opportunities compared to traditional models. This paper finds
that ESG performance not only enable corporations to better utilize
digital technologies to optimize their operations and production,
thereby achieving carbon reduction but also help ensure continuity
and consistency of their low-carbon strategies during digital
transformation. This part of the research provides a fresh
perspective and empirical evidence on how to maintain low-
carbon development in the digital age.

Lastly, in terms of policy implications, facing the dual
challenges of deepening ecological civilization construction in
China and implementing strict carbon peak and carbon neutrality
goals, deeply exploring how ESG performance assist corporate
carbon reduction holds profound practical and strategic
significance. This paper confirms the positive role of ESG
performance in reducing corporate carbon emissions, revealing
that by actively fulfilling their environmental, social, and
governance responsibilities, corporations can not only enhance
their sustainability and social responsibility but also make
significant contributions to national and even global carbon
reduction goals. This implies that for China in the process of
achieving the “dual carbon” goals, strengthening corporate ESG
practices and enhancing their ESG levels are vitally important.
Simultaneously, this also provides crucial policy recommendations
for the government and decision-makers on how to promote
national carbon reduction and low-carbon development goals by
encouraging and supporting corporations to strengthen
ESG practices.

In summary, this paper primarily contributes by articulating
how ESG performance impacts corporate carbon reduction
behaviors and examining the mechanisms behind this impact.
While the influence of ESG on aspects such as corporate value,
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performance, and risk has garnered extensive attention, research
specifically addressing how ESG performance affects corporate
carbon reduction is relatively sparse. This study fills this gap by
analyzing data from Chinese listed manufacturing companies from
2010 to 2020, revealing that ESG performance positively influences
corporate carbon reduction behaviors through multiple channels
such as alleviating financing constraints, enhancing innovation
efficiency, and rationalizing risk-taking decisions. Additionally,
this paper explores how digital transformation moderates the
relationship between ESG performance and carbon reduction in
the current digital era, offering new insights and empirical evidence
for understanding low-carbon development against a backdrop of
digitalization. Moreover, our research delves into the heterogeneity
of the ESG performance and carbon reduction relationship across
companies with different environmental regulatory intensities,
industry competition, and capital intensities, thereby enriching
the understanding of how ESG performance impacts corporate
carbon reduction.

The remainder of the paper is organized as follows: Section 2
provides a comprehensive literature review and develops the
research hypotheses. Section 3 details the research methodology
and the data sources utilized in the study. Section 4 reports on the
empirical results and conducts a thorough analysis of the findings.
Section 5 explores the mechanisms and heterogeneity of ESG
impacts, while Section 6 investigates the moderating role of
digital transformation in this context. Finally, Section 7 concludes
the paper, summarizing the main findings and discussing their
policy implications, limitations, and avenues for future research.

2 Theoretical analysis and
research hypothesis

2.1 Impact effect analysis

ESG performance play a crucial role in connecting businesses
with the market, providing effective market-driven governance
impetus for corporate carbon reduction (Zhang et al., 2022;
Zhang, 2023). With the increasing severity of global climate
change, corporate carbon emissions have become a societal focal
point (Lee et al., 2022). The carbon reduction behaviors of
companies directly relate to the global effectiveness of addressing
climate change (Pei et al., 2019). ESG performance emerged in this
context. They not only measure corporate performance in
environmental, social, and governance aspects but more
importantly, they provide businesses with a clear direction to
emphasize environmental protection and commitment to carbon
reduction while pursuing economic benefits. On the one hand, ESG
performance promote the operation of market incentive
mechanisms, driving businesses to take the initiative in carbon
reduction (Apergis et al., 2022; Wang et al., 2022; Zheng et al., 2023;
Ren et al,, 2023a). In the capital market, as investors increasingly
focus on sustainable investments, companies with high ESG
performance tend to attract more investments. Such companies
are seen as having better management and reduction strategies
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against climate risks (Cho, 2022; Bai et al, 2023). Additionally,
financial institutions in credit decisions also favor companies that
excel in ESG performance because these companies are more likely
to have a competitive edge in future environmental regulations.

On the other hand, ESG performance strengthen the
supervisory role of stakeholders, compelling businesses to
undertake carbon reduction. When a company emits excessive
carbon or lacks action in reduction, a low ESG rating quickly
sends a negative signal to the market. Such transparency can
prompt investors, consumers, and other stakeholders to reassess
their relationships with that company and might attract public
attention and criticism (Cong et al., 2022; Ge et al., 2022; Pan et al,,
2022). In conclusion, ESG performance, through both market
incentives and stakeholder supervision mechanisms, effectively
drive companies to take proactive measures for carbon reduction,
thereby enhancing the long-term sustainability and competitiveness
of companies. Based on this, we propose the following Research
Hypothesis. Furthermore, drawing on the research by Li and Wen
(2023), we should also consider the impact of cultural and social
factors, such as local government and public participation, on
corporate low-carbon behavior. The policy of civilized cities, as a
mechanism to promote local government and public engagement in
green development, underscores the significance of these factors in
driving low-carbon practices in businesses. Thus, in addition to the
direct mechanisms of market incentives and stakeholder
supervision, our study extends to exploring the potential indirect
influences on corporate carbon emissions through cultural and
social mechanisms.

Hypothesis 1. ESG performance can promote corporate
carbon reduction.

2.2 Impact mechanism analysis

With the increasing severity of global climate change and
environmental issues, corporate ESG performance has garnered
widespread attention. Many scholars and practitioners believe there
is a close relationship between a company’s ESG practices and its
carbon emissions. However, the nature and mechanism of this
relationship remain unclear. To better understand how ESG
impacts corporate carbon emissions, this paper delves deep into
the effects of green technology innovation, corporate efficiency
improvement, and curbing managerial short-sightedness from
three different angles.

2.2.1 Green technology innovation effect

First, from the perspective of signal transmission theory,
showcasing good ESG performance sends a message to the public
and stakeholders about the company’s commitment to
environmental responsibility and its willingness to invest in green
technologies (Ma et al., 2022; Xie and Lv, 2022; Zheng et al., 2023).
Such positive environmental performance not only helps establish a
leading position for the company in environmental protection but
also attracts more consumers and investors who increasingly value
green and sustainable practices of companies (Li et al., 2023b). This

frontiersin.org


https://doi.org/10.3389/fevo.2023.1311777
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Ye and Xu

positive market feedback further encourages companies to invest in
green technology research and innovation. Secondly, based on
stakeholder theory, the interaction and relationships between a
company and its employees, customers, suppliers, government, and
other stakeholders play a crucial role in driving green technology
innovation (Yuan et al., 2022). As described by Lin et al. (2021),
Freeman’s view in 1984 emphasized the importance of maintaining
good relationships with stakeholders (Lin et al., 2021). Especially for
environmental issues and notably for reducing carbon emissions,
establishing close cooperation with external stakeholders such as
governments, environmental organizations, and research
institutions can provide companies with more resources for green
technology and innovation (Cho, 2022). Resource sharing and
collaboration expedite the development of green technology,
advancing technological progress, leading to effective carbon
emission reduction (Xu et al., 2023). Furthermore, with the
deepening of green technology innovation and application,
companies can directly reduce their carbon emissions and, by
improving production efficiency and reducing energy and
resource consumption, achieve dual growth in economic and
environmental benefits (Li et al., 2023b; Wang et al., 2023b). In
this way, companies not only contribute to global carbon reduction
goals but also lay a solid foundation for their long-term
development and competitive advantage. Therefore, we propose
the following hypotheses:

Hypothesis 2. ESG performance can significantly reduce
companies’ carbon emission intensity by fostering green
technology innovation.

2.2.2 Corporate efficiency improvement effect
Corporate efficiency is an essential factor affecting the level of
corporate carbon emissions. Exceptional ESG performance can
drive companies to improve their operational efficiency, which in
turn has a positive effect on carbon emissions (El Ghoul et al., 2011;
Xie and Lv, 2022; Xiao et al.,, 2023). The reason is that, from the
perspective of signal transmission theory, companies with good
ESG performance actively convey their advantages in areas such as
environment, society, and governance to the external world. This
can attract more investors and partners, thereby helping the
company gain more resources and technological support,
enhancing production and operational efficiency (Hu and Guo,
2023). Firstly, according to signal transmission theory, companies
with excellent ESG performance are more inclined to actively
disclose their achievements in green technology and energy-
saving emissions reduction, signaling their commitment to low-
carbon, environmental protection, and sustainable development to
the public and investors. Research has also pointed out that ESG
information disclosure can increase corporate transparency,
attracting more investors and consumers concerned about the
environment and sustainable development (Lin et al., 2021). This
will bring more financial and technological support to companies,
boosting their production efficiency and reducing carbon emissions.
Secondly, based on resource dependency theory, companies with
high ESG performance are more likely to obtain external resources
like funding, technology, and partners. These resources positively
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impact the production and operational efficiency of companies,
leading to reduced carbon emissions (Garel and Petit-Romec,
2022). For instance, companies might acquire more efficient
production technologies, advanced energy-saving equipment, or
engage in green collaborations. Moreover, under the broader
backdrop of the Chinese government’s encouragement of low-
carbon, green, and sustainable development, companies with
good ESG performance are more likely to receive government
support and favorable policies. This further aids companies in
enhancing their efficiency and reducing carbon emissions
(Houston and Shan, 2022). An improvement in corporate
efficiency means producing more products or services with fewer
resources, directly leading to a reduction in carbon emissions.
Researches also indicates that enhancing corporate efficiency can
reduce production costs, subsequently decreasing carbon emissions
(Hu et al., 2021; Zhong and Ma, 2022).

Therefore, from the perspective of corporate efficiency, ESG
performance can directly or indirectly promote companies to reduce
carbon emissions, driving low-carbon and sustainable development.

Hypothesis 3. ESG performance can significantly
reduce companies’ carbon emission intensity by enhancing
operational efficiency.

2.2.3 Managerial myopia curtailment effect

The decision-making orientation of managers largely
determines the level of corporate carbon emissions. Compared to
traditional short-term profit orientations, good ESG performance
often reflects a company’s commitment to long-term and
sustainable development. Managerial myopia can lead to the
neglect or delay of necessary green technology investments and
updates, thereby increasing carbon emissions (Hu et al., 2021;
Wang et al., 2022; Xu et al, 2023). Firstly, according to
behavioral finance theory, managerial myopia often causes them
to have exaggerated expectations of immediate returns, overlooking
or inadequately considering long-term and sustainable investments.
In contrast, companies with good ESG performance tend to adopt a
long-term perspective, focusing on investments in environmental,
social, and governance areas, which helps reduce the company’s
carbon footprint. Secondly, based on agency theory, there might be
a conflict of interest between managers and shareholders, especially
concerning carbon emissions and environmental protection
investments. However, when a company implements robust ESG
measures, it can serve as a mechanism to ensure the long-term
commitment of managers to environmental and social issues,
thereby reducing carbon emissions (Cong et al., 2022).
Additionally, for large enterprises operating globally, the
international pressures and expectations they face make ESG
performance especially crucial. International organizations and
multinational companies are increasingly demanding that
members of their supply chains meet strict ESG standards,
further prompting companies to reduce carbon emissions to meet
these standards and expectations. overall, the effect of managerial
myopia might increase corporate carbon emissions, while good ESG
performance can alleviate this effect. This assists companies in
adopting more sustainable strategies and actions, reducing carbon
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emissions. In summary, this paper further proposes the following
research hypotheses.

Hypothesis 4. ESG performance can significantly mitigate
companies’ carbon emission intensity by curtailing managerial
myopia, facilitating the adoption of long-term, sustainable carbon
reduction strategies.

2.3 Moderating role of
digital transformation

Digital transformation is a critical trend in today’s corporate
development, involving a fundamental transformation of a
company’s operational model, production processes, and
organizational structure through the application of technology
and data. Against the broader context of sustainable development
and environmental management, digital transformation gains a new
dimension of importance. In regions like Pakistan, where
agricultural practices and water management are central to both
the economy and ecological sustainability, digital innovation plays a
crucial role in shaping sustainable practices (Rajpar et al., 2019). As
highlighted in recent studies, the interaction between technology
and sustainable practices can significantly influence the
environmental impact of economic activities (Saqib et al., 2020;
Razzaq et al., 2022a; Razzaq et al., 2022b).

Against the backdrop of ESG promoting corporate carbon
reduction, digital transformation may play a pivotal moderating
role. Firstly, digital transformation can help companies monitor,
manage, and report their carbon emission data more accurately
(Chen and Zhang, 2023). Through advanced sensor technology, the
Internet of Things, and big data analysis, companies can obtain
detailed real-time data on their carbon emissions, allowing for more
accurate calculations of their carbon footprint, ensuring accurate
reflection of their efforts in carbon reduction. Secondly, digital
transformation can optimize a company’s production and supply
chain management, thereby reducing carbon emissions (Ma and
Yang, 2023). For example, advanced supply chain optimization
algorithms can reduce unnecessary logistics activities, subsequently
reducing carbon emissions. Additionally, digital transformation can
help companies better predict market demands, reducing
overproduction and waste, and further lowering carbon
emissions. Lastly, digital transformation can also promote
innovation and R&D in companies, leading to the development of
more eco-friendly products and services (Zhang et al, 2023a).
Through digital technologies, such as machine learning and
artificial intelligence, companies can accelerate product
prototyping and testing, speeding up the R&D and
commercialization process of green technologies. Therefore, while
ESG itself already aids corporate carbon reduction, this effect might
be further strengthened in the context of digital transformation.
Specifically, digital transformation might enhance the positive
impact of ESG on corporate carbon reduction. Based on the
above analysis, we propose the following hypothesis.

Hypothesis 5. Digital transformation has a positive moderating
role in the promotion of corporate carbon reduction by ESG.
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3 Research design
3.1 Model specification

This study aims to examine the impact of ESG performance on
corporate carbon emissions. Following the approach used in similar
studies (Lee et al., 2022; Li and Wen, 2023), we set up the following
basic regression model:

Carbon;; = By + BiESG;; + By Xie + i + 9; + € (1)

In Equation 1, i and ¢ respectively represent the company and the
year; Carbon represents the intensity of corporate carbon emissions;
ESG represents the ESG performance; X is a series of company-level
and 6,
indicate that the model controls for individual fixed effects and time

control variables selected in this study; 1; respectively
fixed effects, and ¢; is the random error term. Among them, 3, is the
core result that this study focuses on. If f is significantly less than zero,
then H1 will be verified, implying that ESG can significantly inhibit the
increase in the carbon emission intensity of manufacturing companies.

To explore the mechanism by which ESG affects the carbon
emission intensity of manufacturing companies, we utilize the
mediation effect model as suggested by Liu and Lyu (2022) and
Qing et al. (2022):

Intery = py + PLESGy, + P2 Xy + i + 9, + € (2)

Carbon;, = ¥ + WESG;; + pIntery + 13X + Wi + 9, + € (3)

In Equations 2 and 3, Inter represents the mediating variable,
and the meanings of the other variables are the same as in formula
(1). In the case where p, is discernibly positive, it can be inferred
that there is a positive correlation between ESG performance and
the intermediary variable. Conversely, a significantly negative 7y,
underscores the inverse relationship between the intermediary
variable and corporate carbon emissions. Collectively, these
findings suggest a mechanism through which ESG performance
attenuates corporate carbon emissions intensity, mediated by its
influential role on the intermediary variable.

To further examine the moderating effect of digital
transformation on the suppression of carbon emissions by ESG,
we introduced an interaction term between ESG and digital
transformation (Dig) into the baseline regression model, as
recommended by Luo et al. (2023):

Carbon;, = By + BLESG;, + B, X;; + BsESG X Dig + t; + 9, + €;; (4)

In Equation 4, if f3; is observed to be significantly negative, it
provides evidence that digital transformation exerts a moderating
effect in the relationship under study.

3.2 Variable selection

(1) Dependent variable: Corporate carbon emission intensity
(Carbon). When evaluating the carbon emission level of
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companies in this study, it was found that few companies
voluntarily disclose carbon emission data in their annual
reports. Due to the limitations of the availability of micro-
level company data, this study adopts the research method
of (Lee et al,, 2022; Cahyono et al,, 2023), estimating the
corporate carbon emissions based on the proportion of
operating costs.

(2) Explanatory variable: ESG performance. The core

explanatory variable in this study is the corporate ESG
performance, which is measured using the Huazheng
Index’s ESG rating. The development of the Huazheng
ESG rating involved an extensive analysis of ESG
practices specific to the Chinese market, incorporating a
balance of environmental, social, and governance factors
tailored to local corporate contexts. The Huazheng ESG
evaluation data has characteristics such as being close to the
Chinese market, having a wide coverage, and high
timeliness. Currently, this index has been widely
recognized and applied by both the industry and
academia (Chen and Zhang, 2023; Zhang et al., 2023b).
For data updates, the Huazheng ESG index adopts a
combination of quarterly regular evaluations and dynamic
tracking for data adjustments, classifying corporate ESG
into 9 levels: C, CC, CCC, B, BB, BBB, A, AA, AAA.
Following the method of Liu and Zhang (2023), this
study assigns values from 1 to 9 in ascending order
according to the ratings. A higher value indicates a
greater ESG performance of the listed company.
Compared to other ESG metrics in the literature, the
Huazheng Index’s strength lies in its real-time
adaptability and comprehensive scope, while its limitation
might be its relative novelty and focused applicability
primarily within the Chinese market.

(3) Control variables. Control variables are used to further

improve research accuracy. Based on previous literature,
this study selects a series of control variables suitable for
listed manufacturing companies. These include:
(1) Company size (Size) represented by the logarithm of
the company’s total annual operating income; (2) Company
age (Age), represented by the logarithm of the length of
time since the company’s establishment; (3) Profitability
(ROE), the company’s annual return on net assets; (4) Debt
repayment ability (Lev), the company’s debt-to-asset ratio,
representing the level of the company’s financial leverage;
(5) Shareholding concentration (Topl), measured by the
shareholding ratio of the largest shareholder of the listed
company; (6) Shareholding stability (Top2), represented by
the difference in shareholding ratios between the second-
largest and the largest shareholder. Generally, the smaller
this difference, the higher the possibility that the second-
largest shareholder could replace the largest shareholder,
indicating a more unstable shareholding structure
of the listed company; (7) R&D investment (RD),
represented by the ratio of company’s R&D investment to
its operating income.
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(4) Mediator Variables: This study examines the role of Green
Technology Innovation (GTI), measured by green patent
authorizations, Firm Efficiency (Efficiency), indicated by
total factor productivity, and Managerial Myopia (Myopia),
an index reflecting short-term focus in management. These
mediators help understand how ESG performance impacts
corporate carbon emissions.

(5) Moderating Variable: The study also considers Digital
Transformation (Dig), represented by the digitalization index
of manufacturing enterprises, as a moderating factor. This
examines the influence of digitalization on the effectiveness of
ESG strategies in reducing carbon emissions.

A detailed definition of all the variables involved in this study is
provided in Table 1.

TABLE 1 Definition of main variables.

Variable Variable Variable Variable Meaning

Type Name Code
Explained Enterprise
Variable Carbon Carbon emissions per unit
. Carbon
Emission of revenue
Intensity
Explanatory The ESG performance of
Variables ESG Score ESG liéted companies aré
assigned from 1 to 9 in
descending order
Logarithm of total business
Enterprise Size Size revenue of the enterprise in
the current year
. In(current year — year of
Enterprise Age Age -
listing + 1)
Profitability ROE Return on total assets
Asset— Total liabilities/total assets
s . Lev
liability ratio
Control Shareholdi The shareholding ratio of
; areholdin,
Variables 18 Topl the largest shareholder of
Concentration

the listed company

Difference between the
shareholding ratio of the
Equity Stability Top2 second largest shareholder

and the first
largest shareholder

R&D investment as a

R&D
RD percentage of
Investment .
operating revenue
Green Logarithm of the number of
Technology GTI green patent authorizations
Innovation
Mediati
¢ .1a g . X X Total factor productivity of
variable Firm Efficiency Efficiency .
the enterprise
Managerial Index of managerial myopia
t i Myopia X g yop
myopia
Moderating Digital Di Digitalization index of
i
variable Transformation & manufacturing enterprises
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3.3 Data sources and processing

Given the relatively large number of listed companies in the
industrial sector, their longer listing duration, and the abundance
and completeness of data available in their annual reports, this
study selects listed manufacturing companies from the Shanghai
and Shenzhen A-shares from 2010 to 2020 as the research
subjects. The choice of the manufacturing sector is due to its
significant contribution to China’s economy and the stable,
comprehensive data it offers. The period from 2010 to 2020
encompasses a crucial phase in China’s economic development,
providing a valuable temporal scope for analysis. The data
processing involves the following steps: (1) Excluding companies
labeled ST, ST*, and PT. (2) To ensure consistency across all
variable data, the financial metrics published in the annual
consolidated reports of listed companies are used. Companies
with obviously unreasonable financial metrics are also excluded.
(3) Considering the accessibility of data from the Tibet region,
companies with their registered offices in Tibet are excluded.
(4) To mitigate the impact of outliers on the regression results,
a 1% and 99% tail-trimming process is applied to all continuous
variables at the company level.

Ultimately, the study focuses on 28 industries, encompassing
1,825 companies, amounting to 11,431 company-year
observations. This extensive dataset from a key sector over a
significant period allows for a robust analysis of trends and
practices that are indicative of wider economic conditions. The
primary raw data at the company level used in this study mainly
comes from the CSMAR database and WIND database. The
descriptive statistics for the main variables used in this study are
detailed in Table 2.

TABLE 2 Descriptive statistical analysis of variables.

10.3389/fevo.2023.1311777

4 Empirical results and analysis

4.1 Baseline result analysis

Table 3 reports the baseline regression results of the impact of ESG
performance on corporate carbon emission intensity. In column (1),
while controlling for company fixed effects and year fixed effects, only
the core explanatory variable ESG is added. The results indicate that the
coefficient of ESG performance is —0.031, and it is significantly negative
at the 1% significance level. This suggests that a higher ESG rating is
significantly negatively associated with a lower carbon emission
intensity. In column (2), after other control variables are
incorporated, the coefficient of ESG performance is —0.029 and
remains significantly negative at the 1% significance level. Specifically,
holding other conditions constant, for every one-level increase in the
ESG rating, the company’s carbon emission intensity will decrease by
approximately 2.9%. When benchmarking these findings against
comparable literature, several similarities and differences emerge.
Studies such as Cong et al. (2022) and Lee et al. (2022) have also
observed a negative relationship between ESG performance and carbon
emission intensity. Cong et al. reported a slightly lower effect size (1.5%
decrease in emissions per ESG rating increase), potentially due to their
sample including companies from a broader range of sectors with
varying ESG maturity levels. This further confirms the significant
negative relationship between ESG performance and corporate carbon
emission intensity, demonstrating the crucial role of ESG performance
in reducing corporate carbon emissions.

Regarding the control variables, the coefficient for company size
(Size) is significantly positive, implying that larger companies tend
to have higher carbon emission intensities. The coefficient for
profitability (ROE) is significantly negative, suggesting that
companies with stronger profitability often have lower carbon

Variables N Mean SD Min Max Corr with ESG
ESG 11431 3.739 1.122 1 8 1
Carbon 11431 1.748 1.336 0.001 6.045 -0.511
Size 11431 21.626 1.354 18.536 25.136 0.361
Age 11431 2.047 0.853 0 3.222 0.392
ROE 11431 0.051 0.136 —-0.765 0.333 0.153
Lev 11431 0.610 0.196 0.054 0.867 -0.182
Topl 11431 35.264 14.533 9.180 75.100 0.164
Top2 11431 25.237 17.344 0.040 73.010 0.225
RD 11431 3.845 4.790 0 251.130 —-0.191
GTI 11431 0.5381 0.958 0 4.189 0.422
Efficiency 11431 6.640 0.880 4.070 8.850 0.386
Myopia 11431 0.113 0.092 0.000 1.214 -0.263
Dig 11431 0.185 0.354 0.021 0.425 0.289
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TABLE 3 Benchmark regression results.

(1) (2)
Variables
Carbon Carbon
ESG —0.031%%% ~0.029%%
(-3.551) (-3.882)
Age —0.4227%+*
(-4.224)
Lev 0.257
(1.633)
ROE ~1.898%*%
(-6.223)
Size 0.776*%*
(4.174)
Topl -0.012
(~1.335)
Top2 -0.024
(-1.253)
RD —0.427%%¢
(-4.224)
Firm FE YES YES
Year FE YES YES
N 11431 11431
adj. R2 0.336 0.428

% p<0.01, ** p<0.05, * p<0.1 represent significance at the 1%, 5%, and 10% levels respectively.
Numbers in parentheses are t-values.

emission intensities. The coefficient for company age (Age) is
significantly negative, indicating that as the company’s age
increases, its carbon emission intensity decreases. The coefficient
for R&D investment (RD) is significantly negative, implying that
companies with higher R&D investments typically have lower
carbon emission intensities. For instance, the negative coefficient
of R&D investment on carbon emissions is in line with research by
Fang and Hu (2023), reinforcing the notion that investment in
innovation is crucial for reducing environmental impact. Overall,
these results support our research hypothesis, namely, that a
company’s ESG performance can significantly reduce its carbon
emission intensity. This further reflects the positive impact of
corporate attention and investment in environmental, social, and
corporate governance aspects on carbon emission reduction.

4.2 Endogeneity treatment

Endogeneity is a prominent issue in economic research, mainly
arising from omitted variable bias and mutual causality. To address
this, our study employs a two-stage least squares (2SLS) approach
using a suitable instrument variable. Following the methodology of
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(Xie and Lv, 2022), we chose the number of “ESG investment funds”
holding the firm (Fundnumber) as the instrumental variable for the
company’s ESG performance. Regarding the relevance of this
instrument, institutional investors such as fund companies can
participate in a company’s decision-making process and optimize
its governance structure, thus positively influencing its overall
performance. A study by Wu et al. (2022) shows a clear positive
relationship between the equity of institutional investors and the
ESG performance of firms. This relationship might be due to
institutional investors expressing their preference for enhanced
ESG performance through direct communication with firms. This
establishes the relevance between ESG investment funds and a
company’s ESG performance. From an exogeneity perspective, the
establishment and shareholding information of ESG investment
funds are based on independent decisions by fund companies and
fund managers, unrelated directly to the employment level of
companies. Such funds aim to integrate the three factors of
Environment (E), Social Responsibility (S), and Corporate
Governance (G) into investment analysis to assess firms’
sustainability and societal benefits, thereby achieving long-term
stable returns. Given our study’s endogenous variable ESG, we
chose the number of “ESG investment funds” holding the firm (i.e.,
Fundnumber) as its instrumental variable.

Table 4 presents the 2SLS regression results using Fundnumber
as the instrumental variable, aiming to mitigate potential
endogeneity between ESG performance and corporate carbon
emission intensity. Endogeneity could arise from omitted variable
bias, simultaneity bias, or bi-directional causality. Column (1)
showcases the first-stage regression results. This stage mainly
examines the relationship between the instrumental variable
Fundnumber (the lagged value of the number of “ESG investment
funds” holding the firm) and the endogenous explanatory variable
ESG. The results indicate that the coefficient of Fundnumber is
0.025, significantly positive at the 1% level. This suggests a
significant positive association between firms held by more “ESG

investment funds” and their higher ESG performance. Column (2)

TABLE 4 Instrumental variable regression results.
(1) (2)
. First-stage Second-
Variables A9 :
regression stage regression
ESG Carbon
Fundnumber 0.025%%*%
(3.884)
ESG —0.028***
(-3.763)
Control Variables YES YES
Firm FE YES YES
Year FE YES YES
N 11431 11431

4 p<0.01, ** p<0.05, * p<0.1 represent significance at the 1%, 5%, and 10% levels respectively.
Numbers in parentheses are t-values.
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displays the second-stage regression results. In this stage, we use the
ESG values predicted from the first stage as the explanatory variable
to estimate the effect of ESG performance on corporate carbon
emission intensity. The results show that the coefficient for ESG is
—0.028, significantly negative at the 1% level. This further confirms
our primary finding: that there’s a significant negative relationship
between ESG performance and corporate carbon emission intensity.
Overall, the 2SLS estimates using Fundnumber as an instrumental
variable further substantiate the significant negative effect of ESG
performance on corporate carbon emission intensity. This implies
that our main conclusion remains valid when considering potential
endogeneity issues.

4.3 Additional robustness tests

To ensure the stability of our research findings, we conducted
the following series of tests: (1) We utilized the Wind ESG
performance and composite scores to measure a company’s ESG
performance. (2) To minimize the impact of extreme values, we
adjusted the dependent variable at both 1% and 5% levels. (3) We
modified the fixed effects controls by adding regional-year and
industry-year FE. (4) We handled the standard errors with various
clustering methods, including clustering at the regional and
industry levels. (5) In the regression analysis, we incorporated
more control variables, such as the scale of the company’s fixed
assets, the shareholding ratio of the top ten shareholders, and the
company’s profitability rate. The related results are presented in
Table 5. In conclusion, all these tests consistently confirm the
robustness of our research findings.

5 Mechanism test and
heterogeneity analysis

5.1 Mechanism test

Following the theoretical analysis presented earlier, we will now
delve into the mechanisms through which ESG impacts carbon
emission reduction in manufacturing companies from three
perspectives: Green technology innovation, firm efficiency, and
managerial perspective. The detailed results are presented in
Table 6.

5.1.1 Green technology innovation effect

Following the research strategy similar to that of Liu and Zhang
(Liu and Zhang, 2023), this study uses ESG performance to
investigate its impact on green technological innovation. In
column (1), the coefficient for ESG on green technological
innovation is 0.002, which is positively related at the 5%
significance level. This implies that an ESG advantage might
promote green technological innovation. Data analysis across
multiple sectors shows a trend where companies with higher ESG
ratings consistently increase their investments in sustainable
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technologies and green product development, leading to notable
advancements in eco-friendly innovations.

In column (2), we see that the coefficient for green technological
innovation on carbon emissions is —0.001, which is negatively
related at the 5% significance level. This means that green
technological innovation helps reduce carbon emissions. An
aggregate analysis of industry data indicates a clear trend:
companies with higher investments in green technologies report a
more significant reduction in carbon emissions over time. Overall,
the ESG performance not only promotes green technological
innovation but also this innovation further assists companies in
reducing their carbon emissions (Qing et al., 2022).

5.1.2 Firm efficiency effect

This study estimates the total factor productivity of companies
using the LP method, serving as a proxy for firm efficiency. The data
reveal a correlation between higher ESG scores and improvements
in operational efficiency metrics, such as reduced waste and lower
energy consumption. In column (3), the coefficient for ESG on
efficiency is 0.025, which is positively related at the 1% significance
level. This suggests that an ESG advantage can enhance a firm’s
operational efficiency. In column (4), the relationship between
improved efficiency and carbon emissions is —0.005, which is
negatively related at the 1% significance level, indicating that
improved efficiency helps reduce carbon emissions. This is further
supported by data showing that companies with enhanced efficiency
metrics tend to have a lower carbon footprint. These results further
validate our theoretical anticipation that a firm’s ESG performance
can reduce carbon emissions by enhancing efficiency (Cho, 2022).

5.1.3 Managerial perspective effect

Referring to the approach of Hu et al. (2021), we conduct a
textual analysis of the MD&A section in the annual reports, identify
a set of short-term horizon words, and then use a lexicon-based
method to construct an indicator for managerial myopia (Hu et al.,
2021). In column (5), the coefficient for ESG on managerial myopia
is —0.012, which is negatively related at the 1% significance level.
This means that companies with an ESG performance are more
likely to have managers adopting a long-term perspective. In
column (6), the relationship between managerial myopia and
carbon emissions is 0.025, which is positively related at the 5%
significance level, suggesting that managerial myopia might lead to
higher carbon emissions. These findings align with our previous
theoretical expectations, i.e., a firm’s ESG performance can reduce
its carbon emissions by mitigating managerial short-
sighted behaviors.

5.2 Heterogeneity analysis

5.2.1 Environmental regulation intensity

Carbon emission reduction, as a significant challenge faced by
businesses, is closely related to their environmental regulations.
When analyzing the relationship between ESG and carbon
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TABLE 5 Robustness tests.

10.3389/fevo.2023.1311777

()] (2) (3) (4) (5)
VT bles Replacement Shrinking of Shrinking of City & SE clustered Addition of
of carbon at 1% carbon at 5% Industry FE by City control
explanatory & Industry variables
variables
ESG ~0.026** ~0.029%%* ~0.027+%% ~0.029*+ ~0.028** ~0.016**
(~4.681) (-3.642) (-3.663) (-3.785) (-3.891) (~4.254)
Control Variables YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 11431 11431 11431 11431 11431 11431
adj. R2 0.468 0.445 0.358 0.432 0.467 0.532

% p<0.01, ** p<0.05, * p<0.1 represent significance at the 1%, 5%, and 10% levels respectively. Numbers in parentheses are t-values.

reduction for companies under different environmental regulatory
intensities, we used the proportion of environmental vocabulary in
the region where the company is located as a proxy for
environmental regulation and classified accordingly (Pei et al,
2019). As shown in column (1) of Table 7, for companies in areas
with strong environmental regulations, the ESG performance
significantly reduces their carbon emissions. This may be because,
under stricter environmental regulations, companies pay more
attention to environmental protection and take more measures to
reduce carbon emissions to meet government environmental
requirements and avoid associated economic penalties. However,
for companies in areas with weaker environmental regulations, as
shown in column (2), the relationship between ESG and carbon

reduction is not significant. This implies that in areas with more

lenient environmental oversight, companies may not value their
ESG performance as much, and thus the impact of ESG
performance on carbon reduction is not as pronounced as in
areas with stricter regulations.

5.2.2 Industry competition intensity

Drawing from past studies (Bai et al., 2023), the industry
competition intensity (HHI) is usually measured using the
Herfindahl-Hirschman Index, calculated as HHI = Z(%)Z, where
XX is the total main business income of all companies in the
industry, and XiXi is the main business income of company i in the
industry. The larger the HHI value, the lower the competition
intensity of the industry. Industry competition has a significant
impact on a company’s business strategy and behavior, especially in

TABLE 6 Impact mechanism test.
(2) (3) (4) (6)
Variables
Carbon Efficiency Carbon Carbon
ESG 0.002** —0.0026*** 0.025*** —0.0027*** —0.012*** —0.0022***
(2.564) (-3.461) (4.553) (-3.774) (-3.773) (-4.223)
Green —-0.001**
Technology (-2.582)
Innovation
—0.051***
Effici
ciency (3.665)
Managerial myopia 0.025**
(2.444)
Control Variables YES YES YES YES YES YES
Firm FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 11431 11431 11431 11431 11431 11431
adj. R2 0.328 0.436 0.565 0.498 0.324 0.437

¥ p<0.01, ** p<0.05, * p<0.1 represent significance at the 1%, 5%, and 10% levels respectively. Numbers in parentheses are t-values.
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TABLE 7 Heterogeneity test.

10.3389/fevo.2023.1311777

()] (2) (4) )] (6)
Variables Strong Weak Weak Highly Minorly
environmental environmental industry industry capital capital intensive
regulation regulation competition competition intensive
~0.013+ ~0.008 ~0.008*** ~0.004 ~0.011%* -0.005
ESG

(-3.078) (~1.484) (~2.965) (-1.215) (-2.516) (~0.861)

Control YES YES YES YES YES YES
Variables

Firm FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 7231 4200 6927 5134 3876 7555
adj. R2 0.409 0.368 0.412 0.279 0.388 0.369

% p<0.01, ** p<0.05, * p<0.1 represent significance at the 1%, 5%, and 10% levels respectively. Numbers in parentheses are t-values.

carbon emission management. As shown in column (3) of Table 7,
for companies in competitive industries, the ESG performance
significantly reduces their carbon emissions. This might be
because, in competitive industries, companies are more inclined
to adopt more environmentally friendly strategies to gain a
competitive market edge and attract more consumers and
shareholders. However, as shown in column (4), for companies in
less competitive industries, the relationship between ESG and
carbon reduction is not significant. This may be because
companies in these industries might focus more on their core
business rather than environmental responsibility.

5.2.3 Capital intensity

Capital intensity represents the degree to which a company
relies on fixed assets (calculated as fixed assets/total assets) and is
closely related to the company’s operational strategy and carbon
emission strategy. As shown in column (5) of Table 7, in companies
with high capital intensity, the relationship between ESG
performance and carbon reduction is negative and relatively
significant. This might be because, in these companies,
environmental responsibility and social responsibility are crucial
for their long-term success and profitability. However, as shown in
column (6), for companies with low capital intensity, the
relationship between ESG and carbon reduction is not significant.
This suggests that companies with low capital intensity might focus
more on their current assets and short-term returns rather than
long-term environmental responsibilities.

6 Further research: the moderating
role of digital transformation

Recent studies have highlighted the critical role of digital
transformation in enhancing corporate sustainability and
environmental strategies. For instance, Ren et al. (2023a) argued
that digital transformation offers new pathways for companies to
improve their environmental performance by facilitating more
efficient resource utilization and enabling the adoption of cleaner
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technologies. Similarly, Luo et al. (2023) found that companies
undergoing digital transformation were better positioned to
integrate their ESG goals into their business models, leading to
more effective sustainability practices. These findings align with the
notion that digital transformation can significantly impact how
companies approach and implement their ESG strategies, especially
in the context of carbon emissions reduction. Building on this
foundation, our research aims to empirically test how digital
transformation moderates the relationship between ESG
investment and corporate carbon emissions.

As companies increasingly invest in and prioritize
environmental, social, and governance (ESG) factors, the rapid
advancement of technology and the deep integration of the global
economy have made digital transformation a core topic for business
development. Digital transformation refers to the fundamental
changes in internal and external business, culture, and customer
experience brought about by the use of digital technology. With the
rise of the internet, big data, artificial intelligence, and other
technologies, companies must rethink their business models and
operational strategies to adapt to the demands of this digital age.
The reasons for this transformation vary and include changes in
consumer demand, technological innovation, and intensified global
competition. Against this backdrop, digital transformation not only
helps companies improve efficiency and create new sources of value
but may also impact their sustainability strategies, especially
strategies related to carbon emissions and environmental
protection. Therefore, when examining the relationship between
ESG investment and corporate carbon emissions, it is crucial to
introduce digital transformation as a moderating mechanism into
the analysis. This is because digital transformation may influence
the extent to which companies prioritize ESG and the intensity of
their actions in carbon reduction. For instance, through advanced
data analytics and technology, companies might more easily
identify their carbon footprint and discover effective methods to
reduce carbon emissions. Similarly, digital transformation may
facilitate better communication with stakeholders, allowing
companies to better address their environmental and
social responsibilities.
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In Model (1) of Table 8, the coefficient of ESG is —0.031 and is
significant at the 1% level, indicating that as companies increase their
ESG investments, their carbon emissions significantly decrease. This
result is consistent with expectations, as when companies place greater
emphasis on environmental and social responsibilities, they will take
more measures to reduce their carbon footprint to meet the
expectations and needs of various stakeholders.

In Model (2) of Table 8, we further added an interaction term
between ESG and digital transformation. The coefficient of this
interaction term is —0.231 and is significant at the 1% level. This
suggests that in the context of digital transformation, the role of
ESG in reducing carbon emissions becomes even more pronounced.
In other words, digital transformation amplifies the negative impact
of ESG on carbon emissions. This might be because digital
transformation aids companies in managing their resources and
operations more effectively (Ma and Yang, 2023), further reducing
their carbon emissions. Additionally, digital transformation might
also encourage companies to adopt cleaner technologies and
solutions, reducing their reliance on fossil fuels (Ren et al,
2023b). In summary, our results demonstrate that ESG
investments have a distinct positive effect on reducing corporate
carbon emissions, and this effect is further strengthened in the
context of digital transformation. This provides a crucial insight for
companies: digital transformation can serve as an effective tool and
strategy when pursuing sustainability and carbon reduction goals.

7 Conclusions and policy implications

Faced with the challenges of global climate change, corporate
carbon emissions have become a central issue of global concern.
Against this backdrop, this study delves into the actual impact of
ESG performance on corporate carbon reduction by analyzing data
from listed manufacturing companies in China from 2010 to 2020.
After an in-depth research analysis, we arrive at several core
conclusions: First, ESG performance have a significant positive
effect on reducing corporate carbon emissions. Secondly, green
technology innovation, corporate efficiency, and managerial

TABLE 8 The moderating role of digital transformation.

Variables 1 ()

ESG —0.031*** —0.026%**

(~3.883) (~4.227)

ESGxDig —0.231%*
(-3.977)

Control Variables YES YES

Firm FE YES YES

Year FE YES YES

N 11431 11431

adj. R2 0.336 0.445

*** p<0.01, ** p<0.05, * p<0.1 represent significance at the 1%, 5%, and 10% levels respectively.
Numbers in parentheses are t-values.
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shortsightedness have all been proven to be key channels through
which ESG performance promote carbon reduction. Furthermore,
our heterogeneity tests reveal significant variations in the
relationship between ESG performance and carbon reduction
under different environmental regulations, industry competition,
and capital intensity contexts. Notably, the positive moderating role
of digital transformation in the relationship between ESG
performance and carbon reduction provides companies with a
new perspective: enhancing their ESG performance through
digital transformation to better tackle the challenges of
carbon reduction.

To strengthen our conclusions, it is valuable to compare our
findings with relevant studies conducted in other major economies.
For instance, research conducted in the European Union (EU) and
the United States shows similar trends, where companies with
higher ESG scores are more likely to engage in practices that
reduce carbon emissions. A study by Asl et al. (2022) in the EU
context found a comparable effect of ESG performance on carbon
emissions, underscoring the global relevance of ESG in corporate
environmental responsibility. However, there are differences too.
For example, in the US, the integration of ESG into corporate
strategy has been more market-driven, whereas in China, it is more
policy-driven. This difference in drivers could affect the
implementation and impact of ESG initiatives.

The conclusions of this study have important policy
implications. The climate change and environmental pollution
issues have heightened the emphasis on ESG both domestically
and internationally. ESG has become a crucial force in promoting
corporate adherence to new development concepts and achieving
sustainable development. The report from the 20th National
Congress of the Communist Party of China proposes accelerating
the green transformation of development modes, stressing that
greening and decarbonizing economic and social development are
key to achieving high-quality development. At present, as China has
entered a stage of high-quality development, establishing and
perfecting an ESG system suitable for China’s national
conditions will help achieve the “dual carbon” goals and
sustainable development. Additionally, with the accelerated
internationalization of ESG, it has become an essential content of
international market cooperation. Therefore, advancing the
construction of the ESG policy system will not only help China
promote global sustainable development and build a community
with a shared future for humanity but will also benefit China’s
foreign trade and investment. This study reveals the positive impact
of ESG performance on promoting corporate carbon reduction,
which has significant policy implications for corporations to
actively fulfill their social responsibilities, promote China’s high-
quality development, and assist the country in achieving its “dual
carbon” goals.

7.1 Policy implications
From a policy implication perspective, this study offers the

following suggestions for policymakers and corporate decision-
makers: (1) Policy Support and Guidance: Government
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departments should further strengthen support and guidance for
corporate ESG practices, such as providing tax incentives, subsidies,
and other motivating measures, encouraging companies to enhance
green technology innovation and improve operational efficiency.
Additionally, the government can formulate specific market
incentives, like carbon credits and environmental rewards, to
encourage improvement in ESG performance. These incentives
can help businesses secure better financing conditions in capital
markets, enhancing their competitive advantage. (2) Perfecting ESG
Information Disclosure System: The government should establish
and perfect the ESG information disclosure system to ensure
transparency and authenticity, guiding companies to better fulfill
their social responsibilities. Furthermore, raising investor awareness
of ESG investments and emphasizing their focus on corporate social
responsibility and environmental sustainability can be achieved
through investor education campaigns and publicity, thus
increasing capital market recognition of high ESG performing
companies. (3) Promoting Digital Transformation: Encourage
enterprises to undergo digital transformation, using advanced
technological means to monitor and manage carbon emissions
while strengthening corporate ESG practices. (4) Industry and
Corporate Collaboration: Strengthen collaboration among the
government, industries, and corporations, jointly promoting
the deepening of ESG practices, thereby better addressing the
challenges of global climate change. (5) Internal Training and
Capacity Building in Enterprises: Encourage businesses to
strengthen internal staff understanding and training on ESG to
improve overall ESG management levels. This includes providing
training on sustainable development, environmental protection,
and social responsibility, as well as expertise in ESG reporting
and analysis. (6) Integrating ESG and Financial Performance:
Encourage businesses to more closely align ESG performance
with financial performance assessment, demonstrating the impact
of ESG investments on long-term company value. This involves
developing and using more sophisticated tools to assess the direct
and indirect effects of ESG performance on financial outcomes.

7.2 Limitations and future research

The study’s scope, primarily focused on China’s manufacturing
sector from 2010 to 2020, poses a limitation to its applicability in
other geographical contexts and time periods. This geographic and
temporal confinement might not fully capture the diverse global
landscape of ESG impacts. Additionally, the exclusive concentration
on the manufacturing industry may not adequately represent the
varied ESG challenges and opportunities present in other sectors,
each with its unique environmental footprint.

A significant limitation of this study is the reliance on carbon
emissions proxies in lieu of directly reported emissions data from

the sampled firms. This approach, while necessary due to data
availability constraints, may not accurately capture the true carbon
emissions of each company. Proxies, based on industry averages or
standardized metrics, might lead to over- or under-estimation of
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actual emissions, thus impacting the precision of our conclusions
regarding ESG performance and carbon emission intensity.

Future research should aim to broaden the scope, both in terms
of industry and geography. Exploring a variety of sectors will
provide a more holistic understanding of how ESG performance
influences carbon reduction across different business landscapes.
Moreover, extending the research to include longitudinal studies
across a wider range of countries and time frames is crucial. Such
studies would capture the evolving nature of ESG standards and
their varied impacts on corporate carbon reduction strategies in a
global context. Incorporating directly reported emissions data,
where available, would significantly enhance the accuracy and
relevance of future research in this field.
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