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Climate change disclosure and
carbon performance of Chinese
listed companies: exploring the
moderating effects of climate
governance and corporate
environmental governance

Sailu Zhang*

Global Environmental Policy Laboratory, Graduate School of Global Environmental Studies, Kyoto
University, Kyoto, Japan

Climate change poses numerous risks to businesses, leading to growing
attention from governments and stakeholders toward corporate climate change
disclosures. However, whether these disclosures can effectively drive companies
to enhance their carbon reduction efforts remains an urgent question. Using
panel data from heavily polluting companies in China, this study employs
generalized structural equation modeling (GSEM) to empirically examine the
moderating effects of government-level climate governance and corporate-
level environmental governance on the relationship between climate change
disclosure and carbon performance. The results indicate that the interaction
between climate governance and climate change disclosure significantly
promotes improvements in carbon performance, whereas the impact of
corporate environmental governance is comparatively limited. These findings
underscore the critical role of government-driven climate governance in
enhancing the effectiveness of climate change disclosures and provide practical
recommendations for policymakers and corporations to improve climate
disclosure practices and advance carbon reduction efforts.

KEYWORDS

climate change disclosure, climate governance, corporate environmental governance,
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1 Introduction

In corporate sustainable practices, addressing climate change issues is a crucial
foundational element. With the exacerbation of global warming, this issue becomes
particularly crucial for economies characterized by significant greenhouse gas emissions
during phases of rapid economic expansion, necessitating an urgent transition toward
a sustainable, green economy. As the world’s first largest emitter, with a total share of
25.88% in 2021 (Climate Watch, 2023), China plays a significant role in addressing climate
change issues. China’s current Nationally Determined Contribution (NDC) climate plan
aims to reach the highest levels of carbon dioxide emissions before 2030 and achieve carbon
neutrality by 2060. Meanwhile, it has committed to lowering its carbon intensity by over
65% in 2030 from the 2005 level (Ministry of Ecology and Environment, PRC, 2022).

According to [EA (2023), global industrial emissions saw a decline of 1.7% in 2022,
largely attributed to China’s reduction in industrial emissions. This significant reduction
underscores the influential role of China’s industrial sector in improving global carbon
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emission reduction performance and addressing climate change
issues. To substantially reduce industrial emissions, China’s
National Development and Reform Commission (NDRC) issued
the “Action Plan for Reaching Peak Carbon Emissions by 2030” and
the “Policy Framework for Carbon Peaking and Carbon Neutrality
Goals” in 2021. Both documents provide policy guidance and
direction for reducing industrial emissions through specific action
plans. Additionally, the Ministry of Ecology and Environment
of the People’s Republic of China released the “14th Five-Year
Plan for Ecological and Environmental Protection” in the same
year, addressing related issues. This document also includes
requirements for industrial carbon reduction and corresponding
policy measures. Additionally, the government has actively utilized
climate governance methods to address climate change issues,
with the most effective and widespread being the use of market
mechanisms, specifically the emission trading mechanism (ETS).
In 2013, several provinces and cities officially began implementing
ETS pilot policies. Subsequently, in 2017, the NDRC published
guidelines for constructing a national carbon market for the power
sector. In 2020, the Ministry of Ecology and Environment proposed
goals and plans for establishing a national carbon market. This
national carbon trading market was officially launched in 2021, and
now more than 2,200 companies are participating.

Climate change resulting from global warming is considered
a financially material risk for listed companies that account
for two-thirds of global market capitalization (OECD, 2022).
The hazards associated with climate change can lead to
substantial financial losses. For example, assets susceptible
to becoming stranded, such as those related to fossil fuels,
face obsolescence when enterprises contend with new
environmental regulations. Investors focusing on corporate
sustainability performance pay particular attention to this kind
of issue.

Nevertheless, numerous financial standards lack a mandated
structured disclosure on strategies,

climate-related risk

management, and non-financial information encompassing
emission reduction initiatives, low greenhouse gas (GHG)
emission products, and potential business impacts. These aspects,
crucial for investors in evaluating a company’s business risks,
are not consistently required by prevailing financial frameworks.
Consequently, in recent years, various countries and organizations
have implemented new measures to facilitate the disclosure of
such information. In 2014, the European Union (EU) introduced
the Non-Financial Reporting Directive (NFRD), which requires
large companies to disclose information on environmental, social
responsibility, human rights, and other areas in their corporate
reports. Subsequently, in 2019, the European Commission’s
Technical Expert Group (TEG) on Sustainable Finance published
guidelines on climate change disclosure, building on this directive
and the recommendations of the TCFD. The UK government has
explicitly mandated adherence to TCFD recommendations in its
“Green Finance Strategy” policy guidance. The U.S. Securities
and Exchange Commission (SEC) issued and revised its climate
change disclosure guidance in 2010 and 2022, providing detailed
regulations on the climate change-related information that
companies should disclose. Initially, China set requirements
for environmental protection information disclosure in the
“Guidelines for Corporate Social Responsibility Reporting.” And
to progressively build a nationwide carbon market, regulations on
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corporate carbon emissions disclosure have become increasingly
specific in recent years.

(NPOs) or
governmental organizations (NGOs), such as the Carbon

Moreover, non-profit organizations non-
Disclosure Project, have devised questionnaires and assessment
systems to compile information on corporate practices addressing
climate change and its associated considerations. In China,
very few companies currently disclose their Scope 3 emissions
from purchased goods and services because Scope 3 accounting
requires a significant investment of time and resources by
businesses to ensure the dependability of the data. Despite that,
according to CDP China and PwC China (2024), there has
been significant progress in climate change disclosure. And the
percentage of Chinese companies disclosing Scope 3 emissions has
already increased.

Due to the rising demand for climate change-related
information both internally and externally, increased disclosure
on climate change may enhance carbon reduction or carbon
performance. Therefore, further analysis of the influence of climate
change disclosure practices on corporate carbon reduction is
crucial. It is important to emphasize here that, in many cases,
decreasing carbon intensity is considered a crucial pathway for
achieving reductions in overall emissions. As companies enhance
their operational efficiency and gradually dissociate growth from
emissions, they become increasingly capable of realizing absolute
reductions in output over time.

Yet, a limited number of previous literature explored the
connection between non-financial disclosure and non-financial
performance, as well as the correlation between carbon emission-
related disclosure and carbon reduction practices. Monteiro et al.
(2023) confirmed the positive impact of social reporting on
corporate social performance. Dagestani and Qing (2022) stated
that environmental disclosure positively affects environmental
performance. Qian and Schaltegger (2017) analyzed the correlation
between emission disclosure and emissions reduction or carbon
performance. Their research indicates that as disclosure improves,
companies become more motivated and capable of leveraging it
as an opportunity to drive change from external perspectives and
enhance their carbon performance. This confirmed a tendency for
corporations to move from seeking legitimacy and compensation
to real carbon reductions and improving performance. According
to Downar et al. (2021), listed companies in the UK reduced
carbon emissions following the disclosure mandate for GHG
emissions. The underlying reason might be that disclosure practices
incentivize emission reduction efforts. When companies disclose
information about their non-financial performance, internal actors
tend to be more focused on managing these related areas.
Consequently, the pressure to enhance the quality and breadth
of emission-related disclosure fosters corporate dedication to
reducing carbon emissions (Jiang et al., 2023).

But there is a lack of empirical research on the carbon
performance effect of climate change disclosure, especially in
the context of China. Previous studies largely explore how
corporate carbon performance influences environmental or carbon
disclosures. Even though, whether disclosure practices can further
encourage firms to intensify their efforts in emission reduction
has not been thoroughly investigated. Moreover, most studies
discussing climate disclosure practices focus on aspects of carbon
emissions and mitigation efforts, with very limited research on
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climate change-related information. Due to the current lack
of clarity regarding the influence of disclosures on carbon
performance, to elucidate the causal relationship between the two
and the underlying mechanisms through which this relationship
operates, we investigated whether there are other significant factors
influencing this relationship.

Previous studies suggest that climate governance can enhance
corporate carbon performance (Hu et al,, 2020; Siddique et al,
2023; Zheng et al,, 2021). A few studies suggest that it may also
positively influence a company’s disclosure behavior (Flammer
et al., 2021; Knox-Hayes and Levy, 2011; H. Shen et al., 2020),
although there is a lack of empirical research in this field. Based on
these points of view, climate governance is expected to moderate
the relationship between disclosure and carbon performance.

Some studies have proven that factors related to boardroom
decisions and corporate-level climate governance may have a
positive impact on a company’s disclosure behavior or carbon
performance (Ben-Amar and Mcilkenny, 2014; Bui et al., 2020a;
Oyewo, 2023). Ultimately, decisions regarding the enforcement
of environmental protection and CSR practices must be made
by the company’s top management. These factors are likely to
play a moderating role in the association between disclosure and
carbon performance.

However, no prior research has explored the role of these
two types of factors in the relationship above. Thus, the main
objective of this study is to investigate the effect of corporate
climate change disclosure on carbon performance, looking at both
government and corporate factors. Through empirical analysis,
we discuss the role of government-level climate governance and
corporate-level environmental governance factors in influencing
the correlation between corporate climate change disclosure and
carbon performance.

There are three questions that need to be answered in
this research:

e Will the actions taken by companies in climate change
disclosure drive them to enhance their carbon performance?

e Can government-level climate governance further promote
the impact of disclosure on carbon performance?

e Can corporate-level environmental governance further

promote the impact of disclosure on carbon performance?

This paper is structured as follows: Section 2 explains the
theoretical framework and hypotheses development. Section 3
introduces the research methods, including the quantitative
research model, variables, measurements and data. Section 4
presents the analyses results and the discussion of findings. In
the final section, we present the conclusions and provide several
practical implications for the government and companies regarding
climate disclosure and carbon reduction practices.

2 Theoretical mechanisms and
hypotheses

2.1 Theoretical mechanisms

In the research field concerning non-financial disclosure and
corporate non-financial performance, the predominant theoretical
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frameworks include legitimacy theory, institutional theory, and
stakeholder theory. Here, we establish the theoretical framework
for this study by discussing the application contexts of these
three theories.

Institutional theory explains the impact of social, political
or technical environments on organizational behavior, such as
environmental protection efforts (Zhu and Sarkis, 2007; Lister,
2018; Luo and Liu, 2020). This theory’s mechanism examines
organizational structures and elucidates why organizations within
the same field exhibit homogeneous characteristics or forms
(Fernando and Lawrence, 2014). In other words, this theory
emphasizes that organizations, including corporations, tend to
adhere to regulatory norms and intensify their efforts in social
responsibility or environmental protection when they operate
within an institutional environment.

On the other hand, according to previous studies, voluntary
disclosures and environmental protection efforts are usually better
explained by the legitimacy theory, which states that organizations
often attempt to ensure that they are perceived as adhering to the
societal norms and standards in which they operate (Deegan, 2002).
Organizations aim to convey their legitimization efforts through
CSR or environmental disclosures (Deegan, 2002; leng Chu et al.,
2013). In China, enterprises provide social or environmental
information mainly to alleviate the government’s concerns.

Stakeholder theory is also commonly used to explain corporate
disclosure behavior and social or environmental practices. It
provides insights into issues such as stakeholder identification,
rights, management, and power (Deegan and Shelly, 2014). It
can better explain requested disclosure because managers of an
organization attempt to meet the expectations of stakeholders
who possess the essential resources necessary for the organization
(Deegan, 2009). In the strategic management field, the primary goal
of corporate stakeholder management is to balance and harmonize
the relationships and interests of shareholders, employees,
customers, suppliers, communities, and other groups, thereby
ensuring the company’s long-term success.

In this study, we use institutional theory and legitimacy
theory to explain the influence of climate change disclosure on
carbon performance and the moderate effect of government-
level climate governance. In China, market-based instruments,
particularly Emission Trading Schemes (ETS), are recognized as
vital components of climate policy based on carbon pricing. While
ETS itself is not a climate governance mechanism, it serves as a
critical tool within the broader framework of market-based climate
governance. Furthermore, we employ stakeholder theory to explain
the moderating effect of corporate-level environmental governance.

2.2 Hypotheses

In most studies that explore the association between non-
financial disclosure and non-financial performance, researchers
focus on the correlation between the two or the impact of
performance on disclosure. Some studies conclude that companies
with relatively better environmental performance tend to reveal
more information related to their environmental practices (Al-
Tuwaijri et al, 2004; Clarkson et al, 2008). According to
Siddique et al. (2021), companies demonstrating superior carbon
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performance are willing to disclose more information related
to emissions. showing their efforts in emission reduction and
portraying themselves as high-quality entities in the market.
This practice not only demonstrates the company’s commitment
to environmental stewardship but also enhances its image and
market value.

However, some other studies argue that companies with poor
environmental performance may actually be more proactive in
disclosing relevant information to demonstrate their legitimacy
(Doan and Sassen, 2020; Liu et al., 2011; Patten, 2002). We believe
that when corporate decision-makers choose to enhance disclosure
efforts, they will likely allocate more resources toward improving
actual environmental performance. This approach ensures that
the information disclosed in the following year reflects better
performance, garnering greater social recognition and acceptance.
According to Chen et al. (2018), CSR disclosure has a positive effect
on social externalities. Disclosure practices increase CSR spending
and lead to higher pollution reduction performance (Giannarakis
et al, 2020). Clarkson et al. (2008) drew a conclusion that
there is a positive association between environmental disclosure
and environmental performance. Their study emphasized that
companies whose environmental legitimacy is threatened make soft
claims to be committed to the environment. Based on legitimacy
theory, their conclusion is also applicable in explaining the efforts
made by companies to improve actual environmental performance
under the pressure of environmental legitimacy.

Drawing from the above explanations, we propose the
first hypothesis:

Hypothesis 1. When companies demonstrate relatively high

performance in climate change disclosure, their carbon

performance in the following year will increase.

Dagestani and Qing (2022) emphasized that the effect
of disclosure on environmental performance in China is
moderated by enterprises’ participation in fostering environmental
governance. Meanwhile, although Siddique et al. (2023) also
proved that Market-based regulations significantly and positively
affect corporate carbon performance, they do not significantly
affect corporate carbon disclosure. On the other hand, Patten
(2002) argues that the level of social disclosure is a function of
the exposure a company faces to the social/political environment.
The adoption of climate governance tools such as ETS may
influence the practices of climate disclosure by companies (de
Aguiar and Bebbington, 2014), which can be understood within
the framework of institutional theory. This theory emphasizes how
political environments shape organizational behavior, affecting
non-financial disclosure performance (Zhu and Sarkis, 2007; Luo
and Liu, 2020).

Similarly, within the institutional environment created by
ETS policies, companies” efforts toward emission reduction are
also likely to be fostered. Numerous empirical studies have
substantiated this perspective (Cui et al., 2021; Shen et al., 2020
Zhengetal., 2021). However, drawing on Cadez and Czerny (2016),
we contend that due to the initial allocation of carbon allowances to
firms at the outset of policy implementation, companies that have
recently received these allowances may require a period of time to
enhance their carbon management practices.
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Considering the potential effects of carbon market
mechanisms, ETS, as a climate governance tool, is likely to play
a regulatory role in the relationship between climate disclosure
and carbon reduction efforts. Since the policy had already been
publicly announced before the allocation of carbon quotas began,
companies may seek to demonstrate their commitment to carbon
emissions control through proactive disclosure, aiming to secure
favorable quota allocations or policy support in the future.
Therefore, what we need to consider is the interaction between ETS
and disclosure performance in the same year and its relationship
with carbon performance in the following year.

Drawing from the above explanations, we propose the

second hypothesis:

Hypothesis 2. The impact of climate change disclosure on carbon
performance in the following year is strengthened under the
influence of ETS.

According to stakeholder theory, firms need to fulfill
expectations and garner stakeholder support to ensure their
sustainability. As mentioned in Section 1, an organization’s
managers strive to fulfill the expectations of stakeholders who
possess the essential resources necessary for the organization
(Deegan, 2009). Direct communication between the company and
its stakeholders will allow the organization to integrate stakeholders
more effectively (Polonsky, 1995), and climate change disclosure is
regarded as one of these important means of communication.
stakeholder
consciousness underscores that carbon performance is crucial

Increasing demand for  environmental
for the long-term survival of most companies (Ganda, 2018).
Seman et al. (2018) explained a similar mechanism in their study,
suggesting that there is a positive correlation between stakeholders’
pressures and the adoption of corporate environmental practices
such as green supply chain management (GSCM) or green
innovation. Each stakeholder’s influence plays a crucial role in
shaping the company’s environmental strategy, indirectly fostering
various initiatives in corporate environmental practices. Moreover,
boardroom decisions can promote corporate response to social
or environmental issues. There is considerable research potential
in these areas, given that only a limited number of studies have
offered valuable policy insights (Ma et al, 2023). In addition,
management will integrate enhanced environmental performance
decisions into their strategic plans to effectively address the
expectations of stakeholders (Elijido-Ten, 2007), and it is expected
that companies will simultaneously strengthen environmental
governance and information disclosure when responding to
external pressure from stakeholders. Since listed companies usually
have annual evaluation and reporting systems for environmental
management or governance, the implementation of governance
measures and disclosures is often based on the same period’s
annual summaries and reports. Meanwhile, due to the complexity
of internal organizational environments and other factors,
environmental strategies do not lead to immediate improvements
in environmental performance; instead, there is often a delay in
their effects (Czerny and Letmathe, 2024). Therefore, what we need
to explore is the interaction between environmental governance
and disclosure and its relationship with carbon performance in the
following year.
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Drawing from the above explanations, we propose the
third hypothesis:

Hypothesis 3. The impact of climate change disclosure on carbon
performance in the following year is strengthened under the
influence of corporate environmental governance.

3 Research methodology

3.1 Empirical model

A generalized structural equation model (GSEM) (Vin et al,
20205 Zhang et al., 2018) was applied to the quantitative analysis in
this study because it can better explain the various complex direct
and indirect relationships between variables. The model combines
Generalized Linear Models (GLM) and general Structural Equation
Models (SEM), with GLM being an extension of linear models
(Skrondal and Rabe-Hesketh, 2004). Therefore, GSEM not only
allows for the analysis of complex relationships involving latent
variables but also handles various types of variables (Huber, 2013),
such as categorical and ordinal variables, while accommodating
non-normal distributions. This addresses the limitations of general
SEM. Normally, a general structural equation model (SEM) is more
suitable for analyzing data with a normal distribution, but some
of the variables in this study are not. Considering the context of
this study, this approach is particularly suitable for analysis. GSEM
allows analyses of multilevel data structures.

3.2 Measurements

3.2.1 Dependent variables

Carbon performance (CP) is usually measured by carbon
emission (Shi et al., 2023), carbon emission intensity, or the changes
in emissions or intensity compared to the previous year (Alsaifi,
2021; Bui et al,, 2020a). In the context of examining efficiency
and performance relative to production activities, using carbon
intensity as a measure of improvement in a firm’s carbon emissions
is considered more reasonable. Emissions intensity provides a
static measure that reflects a company’s carbon efficiency at a
specific point in time. Carbon intensity shows a company’s current
carbon performance, while changes in carbon intensity illustrate
the ongoing efforts and trends in reducing carbon emissions per
unit of revenue.

In addition, the changes in intensity offer a dynamic measure,
showing the company’s progress over time. Combining both
allows for a comprehensive assessment of a company’s carbon
performance. According to Cadez et al. (2019) and Cadez and
Guilding (2017), improvements in carbon efficiency do not
necessarily equate to reductions in emissions, particularly when
firms are focused on growth. The reduction in carbon intensity
may serve as an indicator of a company’s long-term commitment
to carbon management and its strategic direction for future
improvement, thereby suggesting a potential impetus for enhanced
carbon performance over the long term.

In this study, carbon emissions intensity is calculated as total
carbon emissions (in tons) per unit of revenue (CNY) and the
changes in emissions intensity compared to the previous year.
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GSEM allows for the simultaneous use of both carbon intensity
and the change in carbon intensity as observed variables to explain
the latent variable CP. Improvement in carbon performance is
indicated by a reduction in the values of both variables. The
relationship between each of the other variables and CP will be
represented by the correlation coefficient between the variable and
the latent variable CP, rather than the two observed variables.

3.2.2 Independent variables

Previous studies have primarily used text mining and scoring
methods to evaluate carbon-related disclosure or environmental
disclosure. Researchers extracted keywords and data related to
climate change or carbon emissions from corporate reports and
scored them based on how frequently or extensively these details
were presented (Borghei Ghomi and Leung, 2013; Monteiro et al.,
2023). Many previous studies have adopted scoring criteria from
the CDP’s evaluation system (Cotter and Najah, 2012; Ganda,
2018; Alsaifi, 20215 Bui et al.,, 2020b). In China, some research
has utilized CDP’s questionnaire results, which quantitatively
assess disclosure performance for companies responding to the
questionnaire (He et al., 2019; Ma et al., 2023). Despite the growing
influence of CDP in China, its acceptance remains low compared
to the global average. The CDP framework’s Western origins and
China’s economic and cultural environment, industrial structure,
and regulations contribute to these differences.

Given these challenges, we aim to use the evaluation
indicators adapted from the evaluation framework provided by
The Institute of Public and Environmental Affairs (IPE). This
Beijing-based non-profit organization offers evaluation indicators
that integrate international standards like the GRI Sustainability
Reporting Standards with the specific characteristics of Chinese
enterprises. Since its establishment in 2006, IPE has focused on
compiling and analyzing environmental data from government and
corporate sources, creating an extensive database. The organization
collaborates with CDP to promote corporate environmental
disclosure practices.

We adopted IPE’s evaluation indicators to measure disclosure
performance (DP) using an unweighted scoring method, where
disclosed items receive a score of 1 and undisclosed items
score 0. The specific measurement items are shown in Table 1.
This method ensures objectivity and transparency, providing an
intuitive comparison of corporate climate disclosure performance.
Due to the inherent challenges in calculating Scope 3 emissions, we
have included only the disclosure of Scope 1 and Scope 2 emissions
in our assessment criteria to improve the relevance and applicability
of our evaluation framework. In fact, there is considerable debate
both domestically in China and globally regarding the inclusion of
Scope 3 emissions as a core evaluation criterion. The U.S. Securities
and Exchange Commission (SEC), in its 2022 and 2024 disclosure
guidelines, did not mandate the disclosure of Scope 3 emissions. In
2024, the SEC even relaxed the disclosure requirements for Scope 1
and Scope 2 emissions.

Additionally, the contents of climate change disclosure
should also incorporate the TCFD recommendations, so we have
supplemented the assessment items based on corresponding
corporate climate change trends and TCFD recommendations,
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considering strategic aspects and climate risk awareness

by companies.

3.2.3 Moderating variables

Governmental  climate  governance and  corporate
environmental governance are two moderating variables in
the empirical model (Figurel). We aim to investigate their
interactive effects with climate change disclosure, the independent
variable, on corporate carbon performance. As previously
discussed, governmental climate governance tools encompass
various emission reduction policies. In China, the most widely
adopted and proven effective policy is the Emissions Trading
Scheme (ETS). Following the implementation of the CN-ETS,
carbon allowances were allocated to companies through an
officially designated process. Participation in the ETS entails the
assignment of carbon allowances, along with an obligation to
comply within a specified timeframe. This methodology remained
the prevailing framework at the inception of the nationwide carbon
trading market in 2021. Therefore, we intend to use whether a
company operates under CN-ETS regulation as a metric for climate
governance. This will be represented as a binary variable (0 and 1),
with 0 indicating no regulation under the policy and 1 indicating
regulated compliance. The data is sourced from provincial ETS
carbon quota control lists and extracted from local government
and environmental departments’ official websites.

Existing research has not strictly defined the scope of
corporate environmental governance. Companies adopt varied
governance measures in environmental practices. Generally,
the attainment of ISO 14001 certification is often used in
empirical research to assess the environmental management
practices of businesses (Gonzdlez-Benito and Gonzdlez-Benito,
2005; Potoski and Prakash, 2005). Nevertheless, the attainment
of ISO 14001 certification does not necessarily represent the
entirety of a company’s environmental governance scheme.
Because environmental management systems and environmental
governance are not entirely synonymous concepts. Nevertheless,
corporate climate governance frameworks share common features:
they establish clear environmental management systems, have
management commitment to environmental governance, possess
explicit environmental protection philosophies and strategies,
engage in specific environmental investment actions, and adhere
to defined environmental disclosure systems (Melnyk et al., 2003;
Bui et al., 2020a; Shen et al., 2020; Oyewo, 2023). In this
study, we consider the environmental governance of businesses
as the status of environmental governance systems or schemes
implementation, encompassing clear environmental management
systems that include disclosure policies and environmental
strategies. Due to the absence of a standardized quantitative
evaluation framework for corporate environmental governance
and the incomplete disclosure of relevant information by
businesses, we manually reviewed and analyzed annual reports,
corporate social responsibility reports, environmental reports,
and sustainability reports. This assessment would classify the
status of environmental governance systems as binary: a score
of 1 if the criteria mentioned above are met and 0 if they
are not.
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TABLE 1 Indicators for evaluating climate change
disclosure performance.

Indicators Contents

Total amount of emission Total amount of greenhouse gas emission

Scope 1 Direct emissions by fuel combustion,
industrial process
Scope 2 Indirect emissions due to the use of

electricity, heat and steam supplied by other
companies

Third party certification Third-party certification of disclosed

emissions

Continuous disclosure Disclosed the information continuously in 3

years

Standards and methods Emission accounting standards and methods

Energy consumption Total amount of energy combustion or

consumption

Renewable energy Usage of renewable energy

Management department Status of carbon management department

Carbon mitigation measures Specific emission reduction measures

Climate risks awareness Awareness of climate risks in the report

Strategy and target Emission targets and strategy setting

ETS participation Status of ETS participation or preparation

status of ETS participation

Source: Adapted from IPE (2021) and Zhang (202

)-

3.2.4 Control variables

To control for the impact of other factors related to corporate
attributes on the accuracy of model estimates, we incorporate
variables such as company size (Yu H.-C. et al., 2020), profitability
and financial risk (Eleftheriadis and Anagnostopoulou, 20155
Shonhadji, 2018), firm age (years in operation), and corporate
governance, including board size, board independence (Kili¢ and
Kuzey, 2018; Giannarakis et al., 2020), and institutional investors
(Cotter and Najah, 2012; Akbas and Canikli, 2019), as control
variables. The size of company is measured by the natural
logarithm of total assets, and financial risk is assessed using
financial leverage (total liabilities to total assets ratio). Corporate
governance variables encompass the size of board, the percentage
of independent directors on the board, and the percentage of shares
held by institutional investors.

The definitions and measurement methods for all variables are
shown in Table 2.

3.2.5 Data collection and processing

Listed companies in heavily polluting industries were chosen as
the research targets. This is because such companies exhibit more
pronounced responses to institutional pressures and legitimacy
pressures concerning environmental regulatory frameworks
and compliance. The China Securities Regulatory Commission
categorizes listed companies in China into 19 major industries,
subdivided into several secondary industry classifications. In
this study, to more precisely define the industrial attributes of
each company, we used secondary industry classification codes.
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Empirical model.

We chose the target companies based on the “List of Industry
Categories for Environmental Protection Inspection of Listed
Companies,” which was established in 2008 by the Ministry of
Ecology and Environment (formerly known as the Ministry of
Environmental Protection). We extracted all heavily polluting
companies among over 5,000 listed firms From the CSMAR
database and collected data on company characteristics and control
variables, such as financial and corporate governance data. Samples
with missing data or delisting risks were removed.

Then, we collected carbon emissions information from publicly
available sources, including environmental and corporate social
responsibility reports, and excluded companies that lacked carbon
emissions data. This process resulted in a final sample of 586
companies from 18 heavily polluting industries. The distribution
of industries within the sample and the annual average carbon
emissions per company in each industry are shown in Table 3.
These samples cover a broad range of sectors, from energy and
mineral extraction to light industries such as textiles and leather.
This allows for a relatively comprehensive reflection of climate
change disclosure and carbon emissions across industries among
Chinese listed companies. Sectors related to petroleum and natural
gas extraction, coal mining, and metal smelting hold significant
positions in China’s industry carbon emissions. For instance,
Table 3 shows that the annual average emissions in the petroleum
and natural gas extraction industry are substantially higher than
in other industries (238,293,786 tons of CO;), consistent with
the actual emissions profile of these sectors. Heavily polluting
industries with relatively lower emissions, such as leather and
textiles, have fewer individual cases in the sample, which may
affect its comprehensiveness. Additional control variables could
be included in subsequent analyses to supplement the research
findings. Overall, the sample data aligns well with the industry
distribution of carbon emissions across China’s industrial sectors.

To calculate the carbon intensity of each company, we
extracted sales revenue-related data from financial data. To
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enhance model interpretability, we applied natural logarithm
transformations to the data of two indicators of dependent
variable CP. Specifically, negative values of changes in carbon
intensity underwent a pre-transformation shift before logarithmic
conversion since in generalized SEM (GSEM), latent variables need
to be clear and consistent in meaning, and variables with both
positive and negative values can make the interpretation of latent
variables unclear.

The data on climate change disclosure were manually collected
using stock codes to access annual, environmental, and CSR
reports, avoiding reliance solely on keywords like carbon reduction,
energy combustion or consumption, which might compromise
the accuracy of the evaluation. Although this approach be costly
in terms of time and efforts, and could introduce occasional
subjective biases, it provides a robust solution to potential issues.
These include instances where companies report their emission
reduction practices without providing precise numerical data or
simply replicate the previous year’s contents, thus ensuring a more
reliable and transparent assessment of carbon performance and
climate strategies.

In addition, to eliminate the influence of various external
factors on corporate production activities and carbon emission
performance during the COVID-19 pandemic, this study utilized
data from the three-year period preceding the onset of the
pandemic. The observation period of panel data is 2017-2019.
Considering that this study focuses on the influence of disclosure
practices on subsequent carbon reduction practices, the values of
the independent variables, control variables, and moderators are all
lagged by 1 year.

3.3 Descriptive statistics

This study first conducted descriptive statistics and observed
the results. A set of balanced panel data was used for the analysis,
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TABLE 2 Variables in GSEM.

Variables Abbreviation Measurements ‘
Independent | Disclosure DP Manual scoring with the
variable performance adapted indicators from
IPE.
Dependent Carbon Cp Emissions intensity =
variable performance Total carbon emissions
in tons/ Salesfevenue
A Emissions intensity =
Intensitycurrent —
Intensityprevious
Moderators Climate CG A dummy variable to
governance: represent company’s
ETS participation in ETS (1 if
participation it participated, or 0
otherwise).
Corporate EnGov Status of environmental
environmental governance
governance system/scheme
implementation (with a
clear environmental
management system that
includes disclosure
policies and
environmental
strategies) (1 if it has, or
0 otherwise).
Control Profitability Roa Return on Assets (ROA).
variables
Financial Lev Leverage rate
risk (debt-to-equity ratio).
Company Size Natural logarithm of
size Total Assets.
Company Age Natural logarithm of
age years in operation.
Board size Bsize Natural logarithm of
total number of board
directors.
Board Indep The percentage of
independence independent directors on
the board.
Institutional Inst Shareholding ratio of
investors institutional investors.

including 586 companies with 1758 firm-year observations.
According to the descriptive statistics results in Table 4, there
is a noticeable disparity in carbon emission intensity and
climate change disclosure among companies. In environmental
governance, differences between companies are generally more
pronounced compared to climate governance. The positive mean
value of delta intensity indicates that, on average, these companies
experienced an increasing trend in carbon intensity during the
observation period, which means that many have increased their
emissions at a faster rate than their revenue growth. While this
might seem concerning, it does not diminish the validity of the
research since our focus is on understanding how climate change
disclosure influences carbon performance.

The difference in firm size is also significant. Among the
companies studied, variables related to corporate governance
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TABLE 3 Industry distribution of target companies and average annual
carbon emissions per firm.

Industry N Annual average CO,

emissions per firm
in tons

Coal mining and washing 21 6,214,979

Oil and natural gas extraction 3 238,293,786

Ferrous metal ore mining and 2 240,300

dressing

Non-ferrous metal ore mining and 19 2,899,344

dressing

Beverages, including alcoholic 31 1,227,598

drinks and refined tea

Textile 27 520,367

Textile, apparel, and accessories 24 734,745

Leather, fur, feather and their 7 294,605

products, and footwear

Pulp, paper, and paper products 20 1,083,815

Petroleum refining, coking, and 13 2,459,776

nuclear fuel processing

Chemical raw materials and 135 1,026,000

chemical products

Chemical fibers 18 2,867,644

Rubber and plastics products 40 584,613

Non-metallic mineral products 62 1,179,002

Ferrous metal smelting and rolling 23 8,436,956

processing

Non-ferrous metal smelting and 48 2,972,398

rolling processing

Metal products 39 926,797

Electricity and heat supply 54 2,577,713

Total 586 3,108,595

do not exhibit significantly apparent differences. However, the
differences in the ratio of institutional investors among companies
are relatively pronounced. In summary, the research data employed
in our study are conducive to enhancing the interpretive robustness
of the model.

4 Results and discussion
4.1 GSEM analysis results

4.1.1 Climate change disclosure and carbon
performance

In the analysis results of the GSEM model (Table5),
climate change disclosure does not significantly impact carbon
performance directly. Hypothesis 1 is not supported. This result
contradicts prior research suggesting that non-financial disclosure
may enhance corporate social or environmental performance
(Giannarakis et al, 2020; Downar et al, 2021). Firstly, we
considered the possibility that the discrepancy may be due
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TABLE 4 Descriptive statistics.

Variables N Mean SD Min Max
Intensity 1,758 | 5.63E+03 | 6.15E+04 2 2.19E+06
Alntensity 1,758 3,969 6.13E4+04 = —8.72E4+04 | 2.18E+06
DP 1,758 5.906 2.817 3 13
EnGov 1,758 0.427 0.495 0 1
CG 1,758 0.076 0.265 0 1
Size 1,758 22.59 1.334 19.92 26.25
Age 1,758 2.96 0.253 2.197 3.526
Roa 1,758 0.045 0.054 —0.373 0.219
Lev 1,758 0.422 0.188 0.056 0.894
Bsize 1,758 2.152 0.198 1.609 2.708
Indep 1,758 0.373 0.0531 0.333 0.571
Inst 1,758 0.463 0.246 0.001 0.916
TABLE 5 GSEM results.
Structure Coefficient S.E. P
CP
DP —0.017 0.013 0.200
CG 0.507 e 0.204 0.013
CG*DP —0.051 w 0.025 0.044
EnGov 0.027 0.103 0.791
EnGov*DP 0.011 0.016 0.471
Size 0.223 0.022 0.000
Age 0.040 0.079 0.612
Roa 0.588 0.393 0.134
Lev —0.324 w 0.135 0.016
Bsize —0.004 0.129 0.973
Indep 0.235 0.456 0.606
Inst —0.187 * 0.096 0.051
DP
CG 1.466 0.227 0.000
EnGov 2.415 0.121 0.000

Standard errors in parentheses, “**p < 0.01, **p < 0.05, “p < 0.1 (In the coefficient column).

to the potential for climate disclosure to motivate companies
still to actively pursue carbon reduction, albeit with a possible
time lag. Because investing significant funds and resources into
carbon reduction activities within a year generally imposes a
heavy burden on companies (Zhang and Wang, 2014), corporate
managers require time to make informed decisions regarding
these investments.

Given that the theoretical foundation of the hypothesis requires
further exploration, a more rigorous explanation also needs to be
discussed. We developed Hypothesis 1 based on the discussion
by Clarkson et al. (2008) regarding environmental legitimacy and
legitimacy theory, suggesting that companies, in pursuit of their
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environmental legitimacy, would make more substantial efforts
in environmental protection to demonstrate better environmental
performance. Meanwhile, issues related to information asymmetry
may have been overlooked. From the perspectives of agency theory
and signaling theory, as agents, corporate decision-makers are
typically required to provide internal information to external
stakeholders (Mio et al., 2020). Alternatively, as the party with
relatively more information, firms may show their environmental
practices and performance as positive signals to the external
stakeholders. While this can help alleviate uncertainty arising
from information asymmetry, the signals communicated by the
firm may not always align with the actual situation (Connelly
et al,, 2011). This misalignment can lead stakeholders to develop
a distorted understanding of the company’s true circumstances.
More specifically, decision-makers can choose to disclose only
selected information that paints a favorable picture of their
sustainability efforts, even if their actual practices do not reflect
a strong commitment to improving carbon performance. The
main reason is that corporate climate strategies generally include
strategic mechanisms or systems for advancing corporate carbon
management practices, while disclosures typically refer to the
specific content related to the results and measures that companies
communicate externally.

Some companies may not disclose all their carbon management
practices and outcomes due to unclear disclosure frameworks,
inadequate verification systems, or other reasons. On the other
hand, based on signaling theory, some companies may engage in
extensive disclosures to enhance their corporate image, showcasing
their carbon management practices as exemplary, even though they
may not genuinely strive to promote these practices, which suggests
a possibility of greenwashing (Yu E. P. et al.,, 2020; Bernini and La
Rosa, 2024). In theoretical terms, the lack of support for Hypothesis
1 indicates the issue discussed above and, to some extent, shows
that the core argument in Hypothesis 1 cannot be fully supported
by legitimacy theory.

4.1.2 Climate change disclosure, climate
governance, and carbon performance

The variables in Hypothesis 2, CG and its interaction with
the dependent variable DP, were found to have a significant
impact on CP. However, since the relationship between DP and
CP, which represents the main effect in Hypothesis 1, was not
significant, we cannot conclude that CG moderates the relationship
between DP and CP. On the other hand, the interaction term
between CG and DP still shows significance in a mathematical
sense, suggesting the presence of their interaction. At the same
time, numerous prior studies have shown that public climate
governance tools, such as ETS, can have either a positive or
negative effect on carbon reduction or carbon performance (Cadez
and Czerny, 2010; Zhang et al,, 2015; Cui et al., 2021; Green,
2021; Zhang et al., 2022). Lemos and Agrawal (2006) also stated
that challenges in implementing traditional regulatory measures
partly explain why governments are inclined to explore market-
based approaches. Given that there is also a significant relationship
between CG and CP, based on Sharma et al. (1981), we may
regard CG as a quasi-moderator, and it should not be ruled
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out that, in comparable studies, CG could also function as an
independent variable.

It is important to note that in this study, CG led to a decrease
in CP (an increase in observed variable values). One possible
reason is that, after being allocated carbon credits, companies
may reduce their emission reduction efforts in the short term.
The conclusion drawn by Cainelli et al. (2012) is similar to
this result. If the emissions from their production and business
activities do not exceed the allocated quotas, companies may lose
the motivation to reduce emissions in the short term. Another
possible explanation is that the carbon price in the market may not
provide sufficient economic incentives for companies. In summary,
although DP does not directly affect CP, the significant negative
correlation between the interaction term of CG and DP and CP
indicates that ETS alone may not improve carbon performance.
We might argue that, through the collaborative effect of CG
and DP, companies may enhance their carbon performance by
strengthening carbon management practices. Under the carbon
market mechanism, external stakeholders, such as investors,
governments, and the public, can have a clearer understanding
of a company’s carbon reduction efforts, which creates greater
external pressure for the company to improve its actual carbon
performance or advance carbon reduction efforts. This view aligns
with Downar et al. (2021), who noted that listed companies in
the UK reduced carbon emissions following the enhancement of
disclosure. Undoubtedly, expecting all companies to voluntarily
improve disclosure performance is idealistic and requires stronger
supervision mechanisms for disclosures or at least clearer guidance
on the contents of disclosure.

4.1.3 Climate change disclosure, corporate
environmental governance, and carbon
performance

The moderating effect in Hypothesis 3 was not supported
in the analysis results. This finding suggests that corporate
carbon performance may not be enhanced through the combined
effect of corporate environmental governance and climate change
disclosure. First, in line with the discussion on Hypothesis
2, it is challenging to examine the interaction effect between
EnGov and DP or whether EnGov can indeed moderate the
relationship between DP and CP, when the main effect of DP
on CP is not significant. Nonetheless, it is essential to assess
this outcome from the perspective of institutional theory and
stakeholder theory. Regulatory pressures often exert a greater
influence on corporate environmental behaviors than voluntary
carbon reduction efforts or related disclosure practices, especially
in high-polluting industries. Within the context of China’s policy,
the stricter regulatory environment created by climate policies
and standards for high-polluting industries leads companies in
these sectors to prioritize meeting regulatory requirements over
addressing other external stakeholder expectations. This emphasis
on regulatory compliance may limit the interaction effect of EnGov
and DP, making it less likely that EnGov would enhance CP
or effectively moderate the relationship between DP and CP.
Meanwhile, some companies may find it challenging to intensify
their management and investment efforts in environmental
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protection in the short term due to fierce market competition and
economic pressures (Duanmu et al., 2018). While climate change
disclosure serves as a communication tool for companies with their
stakeholders (Polonsky, 1995), the pressure these companies face
from stakeholders may still be relatively limited.

4.2 Further analysis

4.2.1 Akaike Information Criterion (AIC) and the
Bayesian Information Criterion (BIC)

This study employed the Akaike Information Criterion (AIC)
and the Bayesian Information Criterion (BIC) (Chakrabarti and
Ghosh, 2011) to compare the original Structural Equation Model
(SEM) with the Generalized Structural Equation Model (GSEM). In
scenarios involving model complexity, both criteria provide precise
assessments of model fit. Typically, smaller values of AIC and BIC
indicate higher levels of model fit (Burnham et al, 2011). The
calculation methods for AIC and BIC are as follows:

AIC = 2k —2In(L) (1)
BIC = In(n)k — 2In (L) (2)

In the equations above, n represents the sample size, k is the
number of model parameters, and L is the likelihood function value
under the estimated parameters. The results in Table 6 show that
when using the GSEM, both AIC and BIC values were relatively
smaller, indicating that the GSEM is more suitable for this study.

4.2.2 Further estimation with additional controls

Due to the non-normal distribution of some variables used in
this study and the inclusion of different types of observed variables
in the model, traditional robustness tests such as the chi-square
test are not applicable. Therefore, building on the comparison of
AIC and BIC results in Table 6, we further estimated the GSEM
in this study. To ensure the reliability of the empirical model, we
introduced additional control variables for a subsequent analysis.
Drawing on the conclusion of He et al. (2019), which indicates
that state-owned enterprises (SOEs) demonstrate a higher level
of proactiveness in carbon reduction practices, we incorporated
this characteristic as a dummy variable: 1 for SOEs and 0 for
non-SOEs. We also included the industry sector as an additional
control variable. The main results in Table 7 indicate that the
significance of the correlation coeflicients in the model remained
largely unchanged, and the variations in the coefficients were
minimal. This suggests that the quantitative model employed in this
research is relatively stable.

5 Conclusions and implications

In this study, we explored the impact of climate change
disclosure on carbon performance of Chinese companies through
empirical analysis, grounded in the frameworks of institutional
theory, legitimacy, and stakeholder theory. We particularly focus
on the moderating roles of governmental climate governance
and corporate environmental governance in this relationship. The
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TABLE 6 Akaike Information Criterion (AIC) and the Bayesian Information
Criterion (BIC).

Generalized

Structural equation

model structural equation
model
AIC 18,772.67 13,255.1
BIC 18,893.05 13,375.48
TABLE 7 GSEM further analysis results.
Structure Coefficient S.E. P
DP —0.016 0.013 0.228
CG 0.500 e 0.204 0.014
CG*DP —0.051 * 0.026 0.047
EnGov 0.030 0.103 0.771
EnGov*DP 0.011 0.016 0.483
Size 0.225 0.022 0.000
Age 0.053 0.080 0.510
Roa 0.517 0.398 0.194
Lev —0.328 * 0.137 0.017
Bsize 0.016 0.130 0.903
Indep 0.274 0.457 0.548
Inst —0.148 0.101 0.145
Soe —0.054 0.048 0.266
Industry 0.002 0.005 0.671

Standard errors in parentheses, ***p < 0.01, **p < 0.05, *p < 0.1 (In the coefficient column).

results indicate that the interaction between climate governance
and climate change disclosure did not have a significant effect on
carbon performance, indicating that climate governance cannot
be regarded as an effective moderator in this study. However, it
remains possible that even if disclosure does not impact carbon
performance, interactions between climate governance tools, such
as ETS, and disclosure could, under certain circumstances, enhance
carbon performance by advancing corporate carbon strategies.
Thus, further exploration of these variable relationships in future
research is necessary, potentially incorporating additional relevant
factors or theoretical frameworks. Additionally, the moderating
effect of corporate environmental governance was also not
supported, which indicates that the role of corporate environmental
governance is relatively limited.

Based on these results, these are some conclusions and
implications. Firstly, the ETS regulatory framework provides
an external pressure and incentive mechanism, while climate
enhances internal and  external

disclosure management

transparency, collectively promoting companies’ efforts to
reduce carbon emissions. So, further refinement of the ETS policy
framework and climate change disclosure guidance is necessary.
More robust public oversight and market competition mechanisms
are needed to encourage businesses to comply more actively with
disclosure requirements and ETS policies. However, it is essential
to note that within carbon emissions trading schemes, there may

be instances where companies deliberately underestimate actual
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emissions when calculating and reporting their own emissions or
employ other means to evade required emission limits (Anderson
and Di Maria, 2011), thereby obtaining additional allowances and
further reducing their incentive to reduce emissions. To prevent
this situation, a clear system for monitoring and auditing corporate
carbon emissions accounting needs to be established.

Additionally, while the focus in our study has primarily been
on Scope 1 and Scope 2 emissions during the assessment of
emissions and related disclosure, understanding and addressing
Scope 3 emissions is crucial for a comprehensive approach to
carbon reduction. Scope 3 emissions include indirect emissions
occurring in a company’s value chain and can represent a
significant portion of total emissions. Companies should prioritize
transparency in disclosing the related information, as it can
enhance accountability and drive improvements across the value
chain. While it is currently challenging for Chinese companies
to provide such information, future policies that promote more
comprehensive emissions reporting, including Scope 3 emissions,
could facilitate more integrated climate strategies and improve
corporate carbon performance.

In conclusion, maximizing the collaborative effects between
climate governance and climate change disclosure to further
promote carbon management practices and enhance carbon
performance is important for corporate climate adaptation.
Furthermore, with the official launch of China’s Carbon Emission
Rights Trading (CCER) in 2024, expectations for the effectiveness
of carbon market mechanisms in corporate climate change
disclosure and carbon reduction are further elevated.

On the other hand, the government can provide more policy
support and guidance for the construction and improvement of
corporate environmental governance frameworks. Moreover, the
influence of environmental governance on the association between
climate change disclosure and carbon performance may require
the collaborative interaction of additional internal or external
factors within companies. Regarding the internal management
and governance of companies, with increasing societal scrutiny
on corporate responses to climate change issues, top executives
of the companies must promptly and actively respond to
external environmental changes. They should engage proactively in
internal decision-making and discussions concerning these issues,
particularly focusing on the transparency and completeness of
related disclosures.

Simultaneously, the occurrence of greenwashing may also
account for why disclosure cannot become an effective driver
for emissions reduction or improvements in carbon performance.
Legal regulations addressing greenwashing are anticipated to be
developed and gradually refined, though this is likely to be a more
protracted process.

Our study has the following limitations: Firstly, it relies on a
three-year panel dataset, adequate for testing the study’s hypotheses
but potentially overlooking temporal dynamics and interactions
among variables. Future research could enhance robustness by
expanding the dataset to include additional years. Secondly, due
to the absence of standardized assessment frameworks for climate
change disclosure and corporate environmental governance
specific to Chinese enterprises, this study employed manual
data collection from public disclosures, which may introduce
inherent judgment biases. Thus, future studies should explore and
refine measurement methodologies and evaluation frameworks.
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Moreover, this research predominantly draws on legitimacy theory,
institutional theory, and stakeholder theory to explore the roles
of climate governance and corporate environmental governance in
the relationship between climate disclosure and carbon emissions.
Future studies could integrate additional theoretical perspectives
and variables to further enrich empirical investigations.
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