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Abstract: Countries are confronting climate change using climate-related regulations that require
firms and investors to disclose their green strategies and activities. Using the Meta-Analysis Structural
Equation Modeling (MASEM) technique, this study evaluates the relationship between climate-
related regulations and financial markets. The meta-regression analysis is conducted based on the
outcomes of 52 empirical studies screened from 143 relevant articles. The results show the predictive
power of the climate-related disclosure (CRD) laws and environmental regulations (ERs) on financial
performance across all studies. ERs create mixed impacts on the equity market and support the debt
market. Firm value is affected by ERs either negatively or positively. Methodologies and risk-related
factors (market, industry, and firm risks) are important in explaining the relationships between
ER/CRD and financial performance. The more developed the market, the less the impact of ERs and
CRD on the equity market. Considering industry risk is recommended because different industries
are exposed to changes in policies differently. The ER/CRD-firm value relationship is affected by
all market, industry, and firm risks. The downside effect of mandatory CRD on the equity market
suggests that policy makers, firms, and investors should be cautious in passing a new CRD regulation
for transformation towards a sustainable economy.

Keywords: climate-related disclosure (CRD); environmental regulation; financial market; literature
review; meta-analysis; MASEM

1. Introduction

To confront climate change, governments recommended firms to disclose their green
activities. Recently, a few countries have made climate reporting mandatory. New Zealand
(2021), France (2021), and Japan (2022) enacted the mandatory climate-related disclosures
(CRD) regulation. More countries are considering CRD regulations such as the United
States, the United Kingdom, Canada, China, Switzerland, Singapore, and Hong Kong.
Although disclosing green activities is not new to firms, making this activity mandatory
requires them to re-structure their businesses with more effort and resources to comply
with the new regulation. Thus, there is a need to explain how important CRD regulations
are to firms and financial markets. By understanding how climate-related regulations affect
financial markets, we can clarify whether disclosing firms’ green activities will fulfil their
chain of responsibilities in confronting climate change or weaken businesses and economies
that do not always sustain high growth rates over time. The findings enhance decisions
on CRD (mandatory or not), which is useful for policy makers and firms in protecting the
natural environment and sustaining the economy at the same time.

Against this background, we reviewed the impacts of environmental regulations (ERs)
and CRD laws on the financial performance of equity, debt, and firm value. We use the Meta-
Analysis Structural Equation Modeling (MASEM) technique to conduct the meta-regression
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analysis based on the outcomes of 52 empirical studies from two dominant databases
(the Web of Science core collection and Scopus). The main research objective of our study
evaluates the relationship between climate-related regulations and financial performance,
thus our study contributes to existing knowledge beyond synthesizing previous findings
by identifying new patterns and offering policy recommendations. The novelty of this
study is threefold. First, our study adopts the MASEM methodology that outperforms
the conventional approach with narrative review to obtain common inferences. We use
statistical estimates and findings of previous studies to identify the patterns among the
results and other interesting relationships. Therefore, this study performs an accurate
and theory-driven quantitative review to verify the magnitude of causal relationships
between climate-related regulations on the financial markets from the literature. Second,
we confirm the predictive power of the ERs and CRD on financial performance across
all studies. Particularly, the downside effect of mandatory CRD on the equity market
suggests that policy makers, firms, and investors should be cautious in passing a new CRD
regulation for transformation towards a sustainable economy. Third, we examine the effects
of methodology (sample size, data frequency, number of countries, and type of statistical
analysis) and risk-related factors (market, industry, and firm) on the relationships between
ER/CRD and the firms’ financial performance. The findings show strong evidence of the
methodology and risk effects on the ER/CRD and firms’ financial performance relationship.
For example, the more developed the market, the less the impact of ERs and CRD on the
equity market. The ER/CRD-firm value relationship is affected by all market, industry, and
firm risks. Our findings suggest that future studies should consider the effects of different
risks in evaluating how environmental regulations, especially climate-related reporting
laws may create a shock on the financial markets.

The remainder of this paper is organized as follows. Section 2 presents the literature
review and hypotheses development. Section 3 describes the methodology and data.
Section 4 presents the results and discussions. Section 5 concludes this paper.

2. Literature Review and Hypotheses Development
2.1. Environmental Regulation

As global climate change intensifies and the disasters it causes increase, protecting the
environment has become a common concern for governments and all sectors of society. At
the High-Level Meeting on Climate and Sustainable Development (2019), the UN Secretary-
General Anténio Guterres remarks that: “Climate change is happening now and it affects
us all. Every week, new examples of climate-related disasters emerge. No country or
community is immune”. Some countries have demonstrated their high level of commitment
to climate change through several policies and regulations aimed at addressing climate
change, such as the EU Climate Change Adaptation Strategy (2013) and the Strategy for a
Clean Planet for All (2018). These regulations and policies exert pressure on companies to
adopt climate change-mitigating strategies (Birindelli and Chiappini 2021).

Environmental regulation refers to the means by which the government promulgates
laws and regulations relating to environmental protection, or formulates relevant rules and
regulations, to encourage enterprises to disclose environmental information and strengthen
environmental protection, so that the public, investors and other stakeholders can be aware
of how enterprises are fulfilling their environmental responsibilities. While environmental
regulation has ecological effects, it also affects the economic behavior of enterprises. The
goal of environmental regulation is to achieve long-term harmony between economic de-
velopment and environmental protection by adjusting the mode of economic development
to improve overall social welfare (Javeed et al. 2020).

Scholars have extensively discussed the impact of environmental regulation on fi-
nancial markets. Some scholars argue that there is a mutually constraining relationship
between environmental performance and enterprise development, making it difficult to
achieve a win-win situation. For example, Rassier and Earnhart (2010) reveal that non-core
environmental expenditures inevitably increase firms’ production costs, crowding out
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firms’ day-to-day production resources, and environmental regulations that require firms
to reduce pollution beyond the maximum efficiency level lead to lower maximum effi-
ciency. Well-designed environmental regulations can induce “innovation offsets”, leading
to voluntary over-compliance. The lagged effect of regulatory stringency on financial per-
formance suggests that there may be a lagged effect in the relationship between regulatory
stringency and expected future financial performance. With the increase in business risks
and the decrease in business performance, the risk expectations of market investors and
credit institutions towards enterprises will also increase, leading to a decrease in market
investment and credit financing of enterprises (Liu et al. 2018).

Ramiah et al. (2013) examine the impact of 19 environmental regulatory announce-
ments on ASX-listed stocks between 2005 and 2011. The Australian stock market was
particularly sensitive to the Carbon Pollution Reduction Scheme (CPRS) announcements,
with significant variation across sectors and significant changes in short-term systematic
risk across a wider range of sectors. Ramiah et al. (2016) investigate the impact of 75
environmental policy announcements in the UK stock market over the period 20032012,
with cumulative abnormal returns of 3040 percent in certain sectors. The authors find that
environmental policies cause changes in the systematic risk of firms in both the short and
long run.

Liu et al. (2018) review the enactment of China’s new environmental protection law
in 2012 as a point in time, and collect relevant data in the first three years and the second
three years to analyze the impact of the law on the financing of highly polluting firms. The
authors’ results show that the coefficient of pollution regulation is significantly negative
in the overinvestment group, indicating that since the new environmental protection
law was enacted, highly polluting firms have reduced their overinvestment behavior by
1.3%. Following the enactment of the new Environmental Protection Law, Chinese-listed
companies face higher environmental regulatory costs, public pressure and environmental
litigation. The financing ability of highly polluting companies has decreased significantly,
especially in regions with higher regulatory intensity.

On the other hand, some scholars see no conflict between environmental performance
and business development, and that both can be achieved. The literature argued that
increased environmental regulation can exert external pressure on firms and create internal
incentives for firms to innovate with green technologies. As the output of green innovation
increases, it contributes to improved firm performance. (Colombelli et al. 2020) find that
stringent environmental regulations can increase the demand for green technologies and
create new market niches, and in this framework, firms that are able to generate green
technologies are expected to perform better in the stock market.

2.2. Climate-Related Disclosure

With the increasing complexity of climate change, disclosing climate information is
becoming more and more important to achieve sustainable development. Internationally,
to increase global attention to climate change and promote the low-carbon transformation
of enterprises to meet the needs of stakeholders for the potential financial impacts of
climate change, the Task Force on Climate-Related Financial Disclosures (TCFD) proposed
a framework for disclosing climate-related financial information in June 2017. The TCFD
has continuously refined this framework, requiring organizations to quantify the financial
impacts of climate risks from a financial perspective, identify corresponding opportunities,
and promote organizations to actively respond to climate-related financial risks in the
context of climate change and extreme weather events. The overall goal is to encourage
organizations to pay attention to ecological environmental protection, mitigate and adapt
to climate change, fulfill social responsibilities, and improve governance under sustainable
development goals to enhance future health, stability, and transformative development
(Bowan and Wiseman 2020). TCFD recommends that preparers of climate-related financial
disclosures from organizations provide disclosures of climate-related financial risks in
their annual financial disclosure reports. The proposed structure of the TCFD is organized
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around four thematic areas that represent the core elements of an organization’s operations—
governance, strategy, risk management, and metrics and objectives (Amar et al. 2022).
The International Corporate Governance Network (ICGN) points out that environ-
mental disclosure is important for investors to assess the future risk, opportunity and value
of a firm (Solomon and Lewis 2002). Therefore, environmental information disclosure
has gradually become a new type of effective environmental management tools. Disclo-
sure of environmental information refers to companies that may exhibit certain negative
impacts on the environment in their daily production and operations, and companies
have a responsibility to disclose relevant information to the public and other stakeholders.
Relevant information includes the company’s handling of environmental problems, the
implementation of the environmental protection system, and disclosing the occurrence of
major environmental problems and their impacts. In terms of the content of environmental
accounting information disclosed by companies, not only positive and active information
should be included, but also negative and neutral information. Quantitative information
related to finance is more informative for external stakeholders (Dhaliwal et al. 2014). The
quality of environmental information disclosure not only reflects to a certain extent whether
the company has fully fulfilled its environmental responsibilities, but also concerns the
personal interests of investors. Through the quality of environmental information disclosed
by the enterprise, investors can obtain information related to the environmental risks of
the enterprise and incorporate it into their investment decision making. As a result of
the physical impacts of climate change or the risks and opportunities of the transition to
a low-carbon economy, companies are making strategic decisions about how to respond.
For some companies, the risks and opportunities are immediate and easily identifiable;
for others, they may be less immediate, present in their wider value chain and less visible
(Charkham 1992). Gans and Hintermann (2013) found that voluntary environmental infor-
mation disclosure is conducive to voluntary emissions reductions, which not only benefits
enterprises and shareholders but also contributes to environmental protection. Voluntary
emission reductions can reduce future compliance costs and increase firm value. However,
some scholars argue that the quality of environmental disclosure has a negative market
effect. For example, Shane and Spicer (1983) found that firms’ stock prices declined after
firms disclosed corporate environmental information to the public, and Freedman and
Jaggi (1982) argued that the quality of environmental disclosure has a negative market
effect. Given the risks that climate change may pose to companies, there is a growing call
for companies to disclose their exposure to the physical impacts of climate change and
the risks of transitioning to a low-carbon economy. Climate-related disclosure will help
companies prepare for the impacts of climate change and help investors understand the
risks so that they can make more informed investment decisions (Clarkson et al. 2010).

2.3. The Theoretical Model

The previous findings of the effects of ERs and CRD on the firms’ financial perfor-
mance are not consistent, which requires a literature review to confirm the magnitude
and significance of the research outcomes. Figure 1 presents the theoretical model, which
consists of four performances regarding the ERs and CRD impacts on economic perfor-
mance (Porter 1990; Khanna and Damon 1999), social performance (Shu and Tan 2023),
environmental performance (Porter 1990; Khanna and Damon 1999; Al-Tuwaijri et al. 2004),
and financial performance (Dowell et al. 2000; Rassier and Earnhart 2010; Pham et al. 2020).
For example, the ‘Porter hypothesis’ suggests that stricter and more rational policies will
encourage firms to innovate and create an ‘innovation dividend” (Porter 1990). This not only
improves environmental performance, but also offsets some of the environmental costs and
increases the core technological competitiveness of firms. In the process of technological
innovation, firms will be able to increase their productivity, optimize the allocation of
resources and increase the supply of new products. The adoption of advanced cleaner
production technologies can achieve a win—-win situation for both the production and
the environment. The positive impact of environmental regulations on green innovation
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_______________________________________________________________________________________________________

has a certain time lag, i.e., the “crowding out” effect of environmental protection inputs
dominates in the initial stage, crowding out investment in technological innovation, and
environmental regulations have a negative impact on green productivity. However, in
the long run, environmental regulations will stimulate innovation, generate “innovation
compensation” and offset “regulatory costs”, thus creating a win—-win situation to enhance
the economic and environmental performance.

Economic

>
peformance

[ Methodology ] [ Time effect ] [ Country effect ]

> Social performance

Environmental
performance

Financial
performance

[ Market effect ] [ Industry effect ] [ Firm effect ]

(Equity, Debt, Firm
Value)

N e i

Figure 1. The theoretical model. Source: Authors’ illustration.

The impacts of new regulations on firms’ economic, social, and environmental perfor-
mance have a certain time lag (Porter 1990), where financial markets immediately react to
new information based on the efficient market hypothesis EMH (Fama 1970). Therefore, we
focus on the effects of ERs and CRD on the financial performance of equity, debt, and firm
value in our study. The impacts of environmental regulation and climate-related disclosure
on the financial markets may be limited by a variety of factors such as methodology and
risk-related factors. For example, using a study sample from a developed or developing
market determines the significance and magnitude of the relation between a climate-related
regulation and financial performance (Horvathova 2010). Industry risks are important
because different industries are exposed to different types of risks caused by changes in
government policies (Rassier and Earnhart 2010). We adopt a meta-analytic approach to
further explore the impact of ER/CRD on financial markets and hypothesize the following
relationships:

Hypothesis 1. ER/CRD creates a negative shock on equity markets.

Hypothesis 2. ER/CRD promotes debt markets and green finance.

Hypothesis 3. ER/CRD affects firm value.

Hypothesis 4. Methodology affects the relationship between ER/CRD and financial markets.

Hypothesis 5. The market, industry, and firm characteristics impact the relationship between
ER/CRD and financial markets.



J. Risk Financial Manag. 2024, 17, 398 6 0f 19

3. Methodology

We adopted the correlation-based meta-analysis structural equation modelling (MASEM)
technique from (Leong et al. 2023) in our study. The meta-analysis outperforms the con-
ventional approach that is based on narrative review to obtain common inferences (Wu
and Du 2012). According to (Paré et al. 2015) and (Templier and Paré 2018), the meta-
analysis can test a theory based on the outcomes or relationships from different studies.
The meta-analysis allows researchers to use statistical estimates to address measurement
issues, sampling errors, inconsistent and insignificant results (Dwivedi et al. 2019). MASEM
uses the findings of previous studies to identify the patterns among the results and sources
of divergence in these results, as well as other interesting relationships. MASEM can
perform an accurate and theory-driven quantitative review without requiring all variables
or relationships stated by the theory must be assessed in every study (Dwivedi et al. 2019).
Therefore, we use the MASEM approach to verify the magnitude of causal relationships
and any inconsistencies in the outcomes of the impact of environment-related or CRD
regulations on the financial markets in the previous empirical studies.

Figure 2 illustrates the data collection framework that consists of five stages. Stage
1 identifies the problem based on the literature that formed the theoretical model (see
Figure 1) and the five hypotheses. This stage enables us to identify the types of information
to be screened from relevant literature in the next stages.

1. 2. 3. 4. 5.
Identifying Searching Screening Extracting Analyzing
problem literature for quality data data

Figure 2. Data collection framework. Source: Authors’ illustration.

Figure 3 presents how we screen for quality empirical studies that are relevant to
our research objectives in Stages 2 and 3. We search for published journal articles to
the most recent (October 2023) from two dominant databases: the Web of Science (WoS)
core collection and Scopus. A set of keyworks is used as the primary selection criteria to
determine which articles should be included in our sample. The keyword combinations and

a7 "o

variations are: “climate regulation”, “environmental regulation”, “environment regulation”,

”ou 7

“environmental law”, “climate disclosure”, “climate risk disclosure”, or “climate-related

/a7

disclosure”; and “debt market”, “equity market”, “stock market”, “financial market”,
“bank”, “stock performance”, “bond performance”, or “firm performance”. These keywords
are most used in referring to environment-related regulations and financial markets. Only
peer-reviewed journal articles written in English in the areas of Economics, Environmental

studies, Business, Business Finance, and Management are considered.

Search Strings:

climate regulation, environmental Searches on

regulation, environment regulation, Web of Science Quality .
environmental law, climate disclosure, (WoS) screening: Dupli Relevance Articles

. . . . T g: uplicate ino Titl included f
climate risk disclosure, climate-related I English m emoving —lassessing: Title—] include or
disclosure, debt market, equity market, Searches on journal, areas and abstract data extraction

stock market, financial market, bank, stock
performance, bond performance, firm
performance

Scopus

Figure 3. Empirical study search and quality screening process. Source: Authors’ illustration.

The screening process yielded 271 documents—126 from WoS and 145 from Scopus.
After removing 48 duplicates, we obtained 223 articles for the relevance assessing round.
Based on the titles and abstracts, 80 unrelated articles were removed, leaving 143 articles
for further review. Next, we conducted a thorough review by reading the article contents
to include only empirical studies with statistical estimates that can be used for our meta-
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analysis using the MASEM technique. This context screening process retained 52 articles
for data extraction (see Table 1).

Table 1. List of articles used for meta-analysis.

No. Author(s) Title Sample
1 Dowell et al. (2000) Do corporate global environmental standards create or 89 US listed firms, 1994-1997
destroy market value?
U.S. equity markets and environmental policy. The
2 Diltz (2002) case of electric utility investor behavior during the 97 US electric companies
passage of the clean air act amendments of 1990
. [?oes the porter hypothesis explain expected future US Chemical Manufacturing
3 Rassier and Earnhart (2010) financial performance? The effect of clean water
. . L Industry, 1995-2000
regulation on chemical manufacturing firms
Voluntary environmental regulation and firm 68 Chicago companies,
4 Boulatoff et al. (2012) performance: The Chicago climate exchange 2003-2009
. Market effects of voluntary climate action by firms: 32 Chicago companies,
5  Gansand Hintermann (2013)  goig.0 e rom the Chicago climate exchange 1991-2009
6 Ramiah et al. (2013) How does the stock market react to the announcement 1770 Australian listed firms,
o ) of green policies? 2005-2011
. The economic impact of capital expenditures: 55 New Zealand listed firms,
7 Wirth et al. (2013) Environmental regulatory delay as a source of
.\ 1991-2007
competitive advantage?
. The effects of environmental regulation on corporate 97 industries in China,
8 Ramiah etal. (20152) performance: A Chinese perspective 2001-2011
. Environmental regulation, the Obama effect and the US and International Equity
9 Ramiah etal. (2015b) stock market: some empirical results Portfolios, 1997-2011
. The effects of announcement of green policies on
10 Ramiah et al. (2016) equity portfolios: Evidence from the United Kingdom 2132 UK stocks, 2002-2012
. Does .th.e carbon m.arket help or h1.1rt the stock price of EU Electricity Generation
11 Tian et al. (2016) electricity companies? Further evidence from the
Industry, 2005-2012
European context
The value relevance of environmental audits: 266 Japanese manufacturing
12 Lee etal. (2017) Evidence from Japan firms, 2010-2013
. The financial consequences of abolishing a carbon 1875 Australian listed firms,
13 Ramiahetal (2017) trading system 2009-2015
14 Liuetal. (2018) Environmental regulation and corporate financing— ;5,1 pinese listed firms
Quasi-natural experiment evidence from China
Odoemelam and Okafor The.mﬂuence of .Corporate governanceon 86 Nigerian non-financial
15 environmental disclosure of listed non-financial firms . .
(2018) T listed firms
in Nigeria
Does the establishment of the Ministry of
16 Xu et al. (2018) Environmental Protection matter for addressing 309 Chinese listed firms in
o China’s pollution problems? Empirical evidence from  polluting industries
listed companies
17 Yang et al. (2018) Narcissism, political tenure, financial indicators and 758 listed firms in the US and
getal the effectiveness of environmental regulation Australia, 1989-2015
The effects of environmental regulation on the 37 Industries in Singapore,
18 Pham et al. (2019) Singapore stock market 2006-2018
19 Sun et al. (2019) Money talks: The environmental impact of China’s 17 cities in China, 2000-2007

green credit policy
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Table 1. Cont.

No. Author(s) Title Sample
Good news for environmental self-regulation? Finding  Listed on the New York Stock
20 Wangetal. (2019) the right link Exchange, 2005-2014
Understanding spatial-temporal evolution of Enerev companies in 30
21 Bai et al. (2020) renewable energy technology innovation in China: ey b
. . Chinese provinces, 1997-2005
Evidence from convergence analysis
Listed firms in France,
. Green technologies and firms” market value: A Germany, Italy, the
22 Colombelli et al. (2020) micro-econometric analysis of European firms Netherlands and the UK,
2002-2011
23 Fard et al. (2020) Env1ron.menta1 r.egulatlon and the cost of bank loans: 27 countries, 1990-2014
International evidence
o Guo et al. (2020) Stqck market response to env'lrom'nentsj\l pol{c1es: 609 Chlnese h§ted. firms f.rom
Evidence from heavily polluting firms in China heavily polluting industries
An analysis of relationship between environmental
regulations and firm performance with moderating 147 Pakistan manufacturing
2 Javeed etal. (2020) effects of product market competition: Empirical listed firms, 2008-2017
evidence from Pakistan
. . ] ”
_ Do' env1ronmenta1.regulatl'ons affect mv'estors. . 2045 stocks on SSE and SZSE
26 Li et al. (2020) Evidence from China’s action plan for air pollution
. before 2012
prevention
27 Pham et al. (2020) The effects of env1ronmer'1tal regulation on the stock 797 French stocks, 2003-2013
market: the French experience
A new tool for environmental regulation? The 63 environmental
28 Wang and Lei (2020) connection between environmental administrative talk administrative interviews
policy and the market disciplinary effect (China), 2014-2018
29 Wen et al. (2020) China’s carbon emissions trading and stock returns 52 stocks on SZSE, 2009-2018
Does environmental labeling exacerbate heavily . g
30 Xiao and Wang (2020) polluting firms’ financial constraints? Evidence from 2426 non-financial firms on
. ’ the SSE and SZSE, 2004-2013
China
31 Birindelli and Chiappini Clllmafe change policies: Good news or bad news for EU firms, 2013-2018
(2021) firms in the European Union
. . Firms in 31 Chinese provinces,
dl. ?
32 Fan et al. (2021) Greening through finance 2009-2015
Can the. green Cre.cht policy s.tlmulate. green innovation China A-share listed firms,
33 Hu et al. (2021) in heavily polluting enterprises? Evidence from a 2007-2016
quasi-natural experiment in China
Do banks price environmental transition risks? Non-financial flrITI.S m. SIx
34 Huang et al. (2021) - . . - . prefecture-level cities in
Evidence from a quasi-natural experiment in China . .
Jiangsu, China
.. . Pricing carbon risk: Investor preferences or risk
35 Kleimeier and Viehs (2021) Lo, 2267 loans, 2009-2016
mitigation?
Which industries benefited from Trump
36 Nerger et al. (2021) environmental policy news? Evidence from industrial =~ 49 industries in the US
stock market reactions
. . 3915 companies in 7
37 Wellalage and Kumar (2021) Enylronmental per.forma.n ce and bank lending: developing countries !,
Evidence from unlisted firms
2018-2019
Environmental law enforcement as external
38  Zhang etal. (2021) monitoring: Evidence from the impact of an 6527 Chinese firms, 2014-2018

environmental inspection program on firm-level stock
price crash risk
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Table 1. Cont.
No. Author(s) Title Sample
39 Antoniuk (2022) The effect of Cllmate disclosure on stock market 56 Norwegian stocks
performance: Evidence from Norway
Do environmental regulations affect firm financial 2499 A shares on SSE and
40 He and Zheng (2022) distress in China? Evidence from stock markets SZSE, 1999-2018
Environmental regulation and financial stability: 817 firms in Sichuan, China,
41 Huang etal. (2022) Evidence from Chinese manufacturing firms 2004-2007
Fostering firm productivity through green finance: 3544 Chinese A-share firms,
42 Kong etal. (2022) Evidence from a quasi-natural experiment in China 2014-2020
Crossing the rivers by feeling the stones: The effect of 140.’839 manufgcturlng
L, . . . . , Chinese firms in heavily
43 Lee et al. (2022) China’s green credit policy on manufacturing firms o .
arbon emission intensity polluting industries,
¢ 2004-2009
Does environmental regulation affect firms” ESG 212,224 Chinese A-share firms,
b Luand Cheng (2022) performance? Evidence from China 2011-2018
Corporate environmental information disclosure and . .
45 Meng and Zhang (2022) investor response: Evidence from China’s capital All Chinese A-share firms,
2004-2020
market
Green credit policy and stock price crash risk of All Chinese A-share firms,
46 Shao etal. (2022) heavily polluting enterprises: Evidence from China 2009-2014
Can environmental regulation improve firm total . .
47 Yang et al. (2022a) factor productivity? The mediating effects of credit 13,319 Chinese A-share firms,
. 2011-2018
resource allocation
Stringent environmental regulation and capital . . .
48 Yang et al. (2022b) structure: The effect of NEPL on deleveraging the high ;gg;?;)lllgnese listed firms,
polluting firms
Market response to the hierarchical water 242 Chinese
49 Yao et al. (2022) environment regulations on heavily polluting firm: high-water-polluting listed
Evidence from China firms, 2010-2019
The effect of the policy mix of green credit and 1602 Chinese A-share firms,
>0 Maetal. (2023) government subsidy on environmental innovation 2009-2016
51 Shu and Tan (2023) Does carbon control policy risk affect corporate ESG Chmese A-share industrial
performance? firms, 2010-2019
50 Lin and Wu (2023) Climate risk disclosure and stock price crash risk: The =~ Chinese A-share listed firms,

case of China

20162021

Source: Authors’ compilation. Note: ! Albania, Belarus, Kyrgyzstan, Mongolia, Montenegro, Turkey and the West
Bank and Gaza Strip.

Figures 4 and 5 present the number of empirical studies by year and market coverage
from 2000 to 2023, respectively. The majority of the studies are conducted in China (27
of 52 articles or 52%) and published between 2018 and 2023 (39 of 52 articles or 75%).
All studies were carefully reviewed to obtain the information such as sample size, data
frequency, type of statistical analysis, country, market development, industry consideration,
and firm effect. To estimate the regression path analysis and perform SEM analysis, we
recorded regression coefficients, significant levels, and standard deviations of the impacts
of environmental regulation and climate-related disclosure on financial performance by
equity, debt, and firm value (or value in short).
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Figure 4. Number of studies by year, 2000-2023. Source: Authors’ illustration.
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Figure 5. Number of studies by market coverage, 2000-2023. Source: Authors’ illustration.

Table 2 describes the variable construction. We construct the first variable, environ-
mental regulation (reg), to identify which studies focus on environmental regulation ER
(reg = 1) or climate-related disclosure CRD (reg = 2). The second variable, financial per-
formance (perform) is used to categorize the studies into four groups including Equity
(perform = 1), Debt (perform = 2), Value (perform = 3), and Mixed (perform = 4) based on
the studies’ effects of ER/CRD on a single group (equity, debt, or value) or mixed groups.
There are six paths showing the impacts of ERs or CRD on the financial performance of
each group: CRD — Perform (Equity), CRD — Perform (Debt), CRD — Perform (Value),
ER — Perform (Equity), ER — Perform (Debt), and ER — Perform (Value). The regres-
sion coefficients and standard errors of the six paths were collected for our analysis. The
52 empirical studies used in our study consist of various methodologies, data, markets,
and industry. Thus, we construct other variables to address the heterogeneity. Table 2
details the construction of these variables, in which, sample size effect (size), method effect
(method), time effect (time), and country effect (country) are used to investigate the influ-
ence of methodology on the path outcomes. The last three variables, market development
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effect (market), industry effect consideration (industry), and firm effect (firm) are used to
examine the effects of risk-related factors on the paths or relationships between ER/CRD
and financial performance.

Table 2. Variable construction.

Variable Abbreviation Construct

Environmental regulation = 1

Envi tal lati . :
nvironmentat reguiation Climate-related disclosure = 2

Reg

Equity =1
Debt =2
Value =3
Mixed =4

Less than 1000 = 1
From 1000 to 9999 = 2
From 10,000 to 99,999 = 3
More than 99,999 = 4

Financial performance Perform

Sample size effect Size

Event study methodology =1
Ordinary Least Square estimate = 2
Difference-in-differences method = 3
Mixed method = 4

Method effect Method

Yearly = 1
Quarterly = 2
Monthly =3

Daily = 4

Time effect (Data frequency) Time

One country =1
Two countries = 2
Three countries = 3
More than three countries = 4

Country effect Country

Developing = 1
Developed = 2
Mixed =3
No=0
Yes =1
No=1
Firm age = 2
Firm size =3
Firm age and size = 4

Market development effect Market

Industry effect consideration Industry

Firm effect Firm

Source: Authors’ compilation. Note: The values of size are based on the number of sample observations in each
article.

4. Results
4.1. Reliability and Regression Path Analysis

The reliability analysis is used to examine a degree of construct reliability that shows
the consistency and stability of the construct in the measurement model (Leong et al. 2023).
We use Cronbach’s alpha for this analysis. Cronbach’s alpha reliability coefficient, known
as composite reliability or rho_A (Hew et al. 2016; Leong et al. 2019), normally ranges
between 0 and 1, with three levels of reliable: low (below 0.35), moderate (between 0.35
and 0.70), and high (above 0.70) (Hew and Kadir 2017; Leong et al. 2020; Wong et al. 2014).
Table 3 shows the reliability analysis results for two groups of CRD in Panel A and ERs in
Panel B, respectively. There are six CRD articles, and the reliability analysis is conducted
for all regardless of sample size effect due to insufficient data. In Panel B, there are 46 ER
articles, providing sufficient data to analyze the construct reliability by sample size. The
mean reliability (mean Cronbach’s alpha) of every construct is above 0.70, indicating a high
degree of construct reliability (see Table 3).
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Table 3. Reliability analysis.
Cronbach’s Alph
Panel A—Climate-Related Disclosure T acks Spha
All Size
Variable Obs Mean Std. Dev. Min Max Obs =6
perform 6 1.166667  0.408248 1 2 0.768
sample 6 8281.667  13392.52 86 34,658 0.8005
method 6 2.833333 1.32916 1 4 0.7541
time 6 2 1.549193 1 4 0.836
country 6 1.333333  0.816497 1 3 0.768
market 6 1.666667  0.816497 1 3 0.7164
industry 6 0.666667  0.516398 0 1 0.7664
firm 6 2.333333  1.032796 1 3 0.8539
Test scale reliability coefficient = mean Cronbach’s alpha
. . 0.8092
(standardized items)
. . Cronbach’s alpha
Panel B—Environmental Regulation Al size size = 1 size=2 size=3 size = 4
Variable Obs Mean Std. dew. Min Max Obs=46 Obs=14 Obs=17 Obs=10 Obs=5
perform 46 1.978261  1.183012 1 4 0.617 0.6372 0.8551 0.7670 0.8621
sample 46 82756.63 300,460 30 1,704,437 0.6894 0.7503 0.8349 0.7087 0.8075
method 46 2.760870  1.232608 1 4 0.6127 0.6464 0.8601 0.6626 0.8268
time 46 2.369565  1.466041 1 4 0.5815 0.6424 0.8381 0.7347 0.7997
country 46 1.478261 1.09014 1 4 0.6176 0.6751 0.8474 0.6885 0.7942
market 46 1.413043  0.540621 1 3 0.5736 0.7257 0.8088 0.6389 0.7942
industry 46 0.543478 0.50361 0 1 0.6071 0.6919 0.8306 0.7238 0.8268
firm 46 2.108696  1.120085 1 4 0.6279 0.6130 0.8143 0.7753 0.8882

Test scale reliability coefficient = mean Cronbach’s alpha
(standardized items)

0.6489 0.7054 0.8544 0.7431 0.8464

Source: Authors’ calculation. Note: Obs = the number of articles; Std. dev. = Standard deviation; sample = the
number of observations in each article.

The regression path or weight analysis is used to evaluate the predictive power of
independent variables CRD and ERs on financial performance (equity, debt, and firm value).
Following (Rana et al. 2015) and (Leong et al. 2023), to conduct this weight analysis, we
calculate the frequency of significant paths related to a predictor variable and divide it by
the total number of articles that report such paths. A weight of 0% means the relationship
or path is insignificant across all studies, and a weight of 100% means the relationship is
significant across all studies (Ismagilova et al. 2020). Table 4 reports the results of weight
analysis. Due to insufficient data (the number of studies k < 3), there are no weight analyses
conducted for the two paths CRD — Perform (Debt) with k = 2 and CRD — Perform (Firm
Value) with k = 0. The results in Table 4 indicates that the remaining relationships are
significant across most studies: the CRD — Perform (Equity) 100%, ER — Perform (Debt)
100%, ER — Perform (Firm Value) 92.86%, and ER — Perform (Equity) 80%.

The direction of each path is identified based on the minimum (min) and maximum
(max) values of beta coefficients in Table 4. The CRD — Perform (Equity) path has the
min-max range towards negative (—0.018 to 0.001), confirms our H1 because the results
indicate the downside effect of mandatory climate-related disclosure on equity market. In
terms of the ER — Perform (Equity) path, the min—-max range is from —7.384 to 11.830,
rejecting H1 because the results show mixed impacts of environmental regulations on the
equity market. Regarding the ER — Perform (Debt) path, the min-max range is towards
positive (—0.050 to 0.837), showing environment regulations support the debt market,
confirms our H2. For the ER — Perform (Firm Value) path, the range is from —3.060 to
2.644, supports our H3 that firm value is affected by environmental regulations either
negatively or positively.
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Table 4. Regression path analysis.

Beta Coefficient Significant % of Sig. Sample Size Total Average
Path k Sample Sample
Min Max Sig. n.s. Path Min Max . .
Size Size
CRD — Perform
(Equity) 4 —0.018 0.001 4 0 100.00% 222 34,658 47,337 11,834
ER — Perform
(Equity) 15 —7.384 11.830 12 3 80.00% 55 1,704,437 1,796,114 112,257
ER — Perform
(Debt) 11 —0.050 0.837 11 0 100.00% 68 1,114,880 1,783,383 162,126
ER — Perform
(Firm value) 14 —3.060 2.644 13 1 92.86% 30 31,770 106,133 8164

Source: Authors’ calculation. Note: k = Number of studies; sig. = Significant; n.s. = Not Significant; CRD =
Climate-related Disclosure; ER = Environmental Regulation. No weight analyses for the two paths of CRD —
Perform (Debt) and CRD — Perform (Firm Value) due to insufficient data (k < 3).

4.2. Meta-Analysis Structural Equation Modelling Results

We conducted the MASEM analysis using maximum likelihood estimation with
StataBE 17. Table 5 reports the MASEM results showing the magnitude and significance
of the causal effects of methodology and risk-related factors on the relationships between
ER/CRD and financial performance (Equity, Debt, and Value). We did not separate the
estimates for ER and CRD studies due to the small number of CRD studies (4 studies on
Equity, 2 studies on Debt, and no studies on Firm Value). The estimated models were
evaluated using Goodness-of-Fit indices. According to (Hair et al. 2017), the chi-square
Goodness-of-Fit Index, Comparative Fit Index (CFI), and Tucker-Lewis Index (TLI) should
be at least 0.95, and Standardized Root Mean Square Residual (SRMR) should be less than
0.05, and Root Mean Square Error of Approximation (RMSEA) should be less than 0.08.
The fit statistics in Table 5 suggest the good fit of our models (CFI and TLI = 1.000 > 0.95,
SRMR = 0.000 < 0.05, RMSEA = 0.000 < 0.08).

Table 5 shows the MASEM results of three models on the ER/CRD-equity, ER/CRD-
debt, and ER/CRD-value relationships. The results of size, method, time, and country
show the effects of methodology, while the results of market, industry, and firm show the
risk effects on the three relationships.

In terms of the methodology, size (sample size) negatively affects the ER/CRD-equity
relationship (—0.672, significant at 1% level), but positively impacts the ER/CRD-debt
relationship (1.011, significant at 1% level). The results suggest that using the larger sample
size may capture the smaller impact of ERs and CRD on the equity market. For the debt
market, the larger sample size the better. Method (type of statistical analysis) significantly
affects the ER/CRD-equity outcome (0.582, significant at 5%). This means that selecting a
suitable statistical analysis plays an important role in examining the impact of ER/CRD on
the equity market. For example, using two or more statistical analyses is better than using
one statistical analysis.

Time (data frequency) negatively explains the ER/CRD-debt relationship (—0.445,
significant at 5%), suggests that studies which focus on the debt market, using the less
frequent data is better. Country (country coverage) positively influences the ER/CRD-debt
result (0.772, significant at 5%) but negatively affects the ER/CRD-value outcome (—0.751,
significant at 5%). The results show that using data from different countries is better for the
debt-related studies. For the firm-value-related studies, using data from fewer countries
is better. The findings support our H4 that methodology affects the relationship between
CRD and financial markets (see Figure 6).
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Table 5. Meta-analysis structural equation modelling results.
ER/CRD-Equity Relationship ER/CRD-Debt Relationship ER/CRD-Value Relationship
Coeff. Std. Err. z p Coeff. Std. Err. z P Coeff. Std. Err. z P
size —0.672 0.192 —3.50 0.000 1.011 0.189 5.34 0.000 —0.234 0.213 —1.10 0.273
method 0.582 0.242 241 0.016 —0.476 0.291 —1.64 0.102 —0.241 0.192 —-1.26 0.209
time 0.030 0.249 0.12 0.903 —0.445 0.214 —2.08 0.038 -0.123 0.173 -0.71 0.476
country 0.026 0.196 0.13 0.895 0.772 0.348 2.22 0.026 —0.751 0.302 —2.49 0.013
market —0.480 0.201 —-2.39 0.017 0.207 0.379 0.55 0.586 0.813 0.258 3.15 0.002
industry 0.815 0.165 4.95 0.000 —0.655 0.217 -3.02 0.003 —0.585 0.210 —2.78 0.005
firm —0.053 0.167 —0.32 0.751 0.690 0.204 3.38 0.001 —0.649 0.144 —4.50 0.000
_cons 1.358 0.971 1.40 0.162 —2.089 1.721 —-1.21 0.225 2.749 1.329 2.07 0.039
var(e.) 0.490 0.135 0.320 0.124 0.285 0.103
obs. 20 12 14
Fit statistic
Likelihood ratio
chi2_ms(0) 0.000 0.000 0
p > chi2
chi2_bs(7) 14.266 13.688 17.562
p > chi2 0.047 0.057 0.014
Population error
RMSEA 0.000 0.000 0.000
90% CI, lower 0.000 0.000 0.000
90% CI, upper 0.000 0.000 0.000
pclose 1.000 1.000 1.000
Information criteria
AIC 415.067 178.490 230.195
BIC 424.029 182.855 235.947
Baseline comparison
CFI 1.000 1.000 1.000
TLI 1.000 1.000 1.000
Size of residuals
SRMR 0.000 0.000 0.000
CD 0.510 0.680 0.715

Source: Authors’ calculation. Note: The table reports the Meta-Analysis Structural Equation Modeling (MASEM) results of structural paths of the exogenous variables (size, method,
time, country, market, industry, and firm) to the ER/CRD-financial performance relationship by equity, debt, value (firm value). Coeff. = Coefficient; std. err. = standard error; z =
z-score statistics; p = p—value statistics; chi2_ms(0) = model versus saturated; chi2_bs(7) = baseline versus saturated; RMSEA = Root Mean Square Error of Approximation; lower = lower
bound; upper = upper bound; pclose = Probability RMSEA < 0.05; AIC = Akaike’s information criterion; BIC = Bayesian information criterion; CFI = comparative fit index; TLI =
Tucker-Lewis index; SRMR = standardized root mean squared residual; CD = coefficient of determination.
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Figure 6. Methodology and risk-related effects on the ER/CRD-financial market relationship. Source:
Authors’ illustration.

Regarding the risk-related factors, market (market development) explains the impacts
of ERs and CRD on the equity market and firm value (—0.480 and 0.813, respectively,
and significant at 1% level). The results in Table 5 show that focusing on developing or
developed markets in a study influences the research outcome. Industry (industry effect
consideration) has great impacts on the effects of ERs and CRD on all equity, debt and
firm value. However, considering industry effects in a study increases the explanatory of
ER/CRD on the equity market (0.815, significant at 1% level), and decreases the explanatory
of ER/CRD on the performance of debt market and firm value. In terms of firm risk (firm
age and firm size effects), the impact of ERs and CRD on the debt market is highly affected
by firm characteristics (0.690, significant at 1% level). Table 5 also shows that the ER/CRD-
firm value relationship is affected by all market, industry, and firm risks (all coefficients
are significant at 1% level). The findings confirm our H5 that market, industry, and firm
characteristics affect the relationship between ER/CRD and financial markets (see Figure 6).

5. Conclusions

This study evaluated the impacts of environmental regulations and climate-related
disclosure laws on the financial performance of equity, debt, and firm value. Using the
MASEM methodology, we conducted the meta-regression analysis using the outcomes
of 52 empirical studies. The results confirm the predictive power of the ERs and CRD
on financial performance across all studies. Mandatory climate-related disclosure has a
downside effect on the equity market. Our findings provide a new explanation for the
impact of mandating climate-related reports in the financial market. Its downside effect
should be considered by policy makers, firms, and investors in making decisions on CRD
(mandatory or not) to transform towards a sustainable economy. Besides, we found that
environmental regulations create mixed impacts on the equity market and support the debt
market. Firm value is affected by environmental regulations either negatively or positively.
These findings call for future research to investigate how and why climate-related disclosure
and environmental regulations affect different financial markets differently.

We also attempted to explain the effects of methodology and risk-related factors on
the relationships between ER/CRD and financial performance (Equity, Debt, and Value) in
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terms of magnitude and significance. The results suggest using a large sample size and less
frequent data of many countries for the debt-related studies. Using two or more statistical
analyses and a smaller sample size is recommended for the equity-related studies. For
the firm value-related studies, using data from fewer countries is effective. Our findings
provide strong evidence of the methodology effects on the relationship between ERs or
CRD and financial markets.

Besides methodology, the risk-related factors (market, industry, and firm) are impor-
tant in explaining the relationships between the ER/CRD and financial performance. We
found that the impacts of ERs and CRD on the equity market are related to the market
development stage (the more developed the market, the less the impact). Considering in-
dustry risk is recommended because different industries are exposed to changes in policies
differently. The ER/CRD-firm value relationship is affected by all market, industry, and
firm risks. Our findings suggest that future studies should consider the effects of different
risks in evaluating how and why environmental regulations, especially climate-related
reporting laws, create shocks on different financial markets and industries differently.

Our study covered major empirical studies from the WoS and Scopus that are relevant
to our research objectives to the most recent (October 2023). However, the data sample
based on 52 empirical studies is relatively small due to the scarcity of empirical studies
on the relationship between ER/CRD and financial performance. The region coverage is
heterogeneous regarding the number of studies (Africa (1), Asia Pacific (35), Europe (5),
America (6), and others (5)). The lack of inclusion of countries from Africa and Europe
shows a research gap, suggesting that future studies should focus on empirical analyses of
the relationship between climate-related regulations and financial performance in African
and European markets.

In our study, we aim to use the MASEM technique based on statistical estimates from
previous studies. Therefore, we relied on the two dominant collections (Web of Science and
Scopus) to obtain the statistical estimates from high quality peer-reviewed publications.
Future studies can include more databases such as Google Scholar and Directory of Open
Access Journals (DOA]) to maximize the generalizability of the findings. Our data duration
is from 2000 to 2023. Future research can expand the study period to include the most recent
studies and capture the more up-to-date findings related to climate-related regulations and
financial markets.
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