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The impact of carbon risk on real earnings management

Weiwei Han, Fangying Yuan� , Chuming Wang, Dongqing Luan and
Hong Wang

School of Management, Shanghai University of Engineering Science, Shanghai, China

ABSTRACT
Carbon risk has aroused widespread concern in society. With the
implementation of carbon policy and the development of carbon
market, the research on the impact of carbon risk on corporate
financial behavior has become an important academic frontier
issue. We examine the impact of carbon risk on firms’ real earn-
ings management before and after the Paris climate change
agreement, signed by China in 2016. A difference-in-differences
model is deployed by using a sample of Chinese A-share listed
companies. We find that high-carbon-intensive firms engage in
significant upward real earnings management compared to low-
carbon-intensive firms to offset the negative impact of carbon risk
by conveying the message of good corporate development to
investors after signing the Paris Agreement. The above research
findings still hold after the robustness tests. Further heterogeneity
analyses show that the impact of carbon risk on firms’ real earn-
ings management is greater in the sample of non-state-owned
firms. The above impact is more significant in firms with weaker
corporate governance, implying that strong corporate governance
constrains managers from engaging in real earnings management.
Therefore, policymakers and regulators should pay attention to
the ‘strategic response’ to earnings management of carbon-inten-
sive firms, taking into account the nature of property rights, cor-
porate governance to reasonably improve the policy design and
regulatory direction.
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1. Introduction

The U.S. White House has issued the National Climate Assessment, which states that
environmental threats could cause significant economic damage and have a major
impact on corporate profits, capital markets and household wealth. The Bank for
International Settlements pointed out in its book ‘The Green Swan’ that environmen-
tal and climate issues could lead to financial crises, and for the first time suggested
that the ‘Green Swan event’ would become the next capital market exposure. Along
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with global warming and other extreme climate change events, climate change has
become an increasingly serious threat to human beings, and countries around the
world are united to find strategies to deal with carbon risks. In 2016, 178 parties
worldwide signed the Paris Agreement to address global climate change. Under the
framework of the agreement, at the 75th session of the United Nations General
Assembly, General Secretary Xi Jinping proposed that China should adopt vigorous
policies and measures to strive to peak CO2 emissions by 2030 and achieve carbon
neutrality by 2060 to actively undertake the responsibility of a large country and
firmly fulfill the commitment to reduce emission.

At present, major developed economies have achieved peak carbon, with the UK,
France and Germany achieving peak carbon as early as the 1970s, and the US and
Japan achieving peak carbon in 2000 and 2013 respectively. From peak carbon to car-
bon neutral, it took 71 years for the EU, 43 years for the US and 37 years for Japan to
achieve it. China will take 40 years to achieve the emission reduction task that devel-
oped countries took 60� 100 years to achieve. According to the World Bank and the
BP World Energy Statistics Yearbook, China’s per capita carbon emissions are 1.5
times the global level, and carbon emissions per 10,000 yuan of output value are three
times that of developed countries, so China is facing a more serious situation and
carbon reduction challenges. In this context, China has implemented stricter climate
policies to promote the transition to a low-carbon economy.

The largest contributors of anthropogenic GHG emissions worldwide are GHG-
intensive firms from the energy and industry sectors (Cadez & Czerny, 2016), which
not only represent the major cause of the problem but are also the key to its solution.
With the advancement of global climate governance and a low-carbon economy and
the tightening of China’s climate policy, Chinese enterprises face the challenge of car-
bon risk in transition to a low-carbon economy. As an important component of
environmental risk, carbon risk is commonly used to describe the risk of firms associ-
ated with climate change or the use of fossil fuels (Hoffmann & Busch, 2008). Carbon
risk is defined as the positive and negative impacts of uncertainty in the transition
from a brown economy to a green economy on the firm’s value. Measuring carbon
risk should not be limited to carbon emissions. However, it should also include
unpredictable changes to the overall strategy and operations that the firm will suffer
during the transition to a green economy (G€orgen et al., 2020). The economic conse-
quences of these risks on companies have attracted the attention of the academic
community.

Existing western studies on carbon risk mainly use Western capital markets panel
data to empirically test the significant negative impact of carbon risk on corporate
capital structure, cost of debt, debt maturity, corporate investment, and dividend pol-
icy (Balachandran & Nguyen, 2018; Lemma et al., 2020; Nguyen & Phan, 2020; Phan
et al., 2022; Pizzutilo et al., 2020). Chinese scholars have also conducted studies on
the financial consequences of carbon risk on companies. Some scholars believe that
an increase in carbon risk increases the cost of debt (Zhou et al., 2017). However,
some scholars believe that a ‘U’ shaped relationship exists between carbon risk and
the cost of debt, and this relationship is mainly reflected in private enterprises
(Wang, 2020). In general, the increasing literature at home and abroad believes that a
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large carbon risk is associated with adverse outcomes for firms and generates a series
of negative signals in the capital market. Therefore, does the negative impact of car-
bon risk induce companies to undertake real earnings management to mitigate or off-
set the risk impact?

Real Earnings Management (REM) refers to the unconventional manipulation of a
company’s daily production and operation activities by its management in order to
change the financial information reported, which is the action of manipulating the
earnings through normal transactions and operation activities (Ning, 2004). The dis-
closure of stronger financial results in financial statements is certainly good news, so
do firms have an incentive to engage in significant upward real earnings management
to send investors the message that the firm is doing well to offset the negative impact
of carbon risk on the firm? Specifically, this study examines whether the negative
impression of exposing investors to high carbon risk induces firms’ managers to use
real earnings management to report strong financial performance. From a manager’s
perspective, boosting short-term earnings during periods of high carbon risk could
not only offset bad news (i.e., heightened carbon risk) with good news (i.e., higher
earnings) so that the impact of bad news is muted but alleged higher activity levels
could also potentially be used as a justification for greater levels of carbon emissions
(Amin et al., 2021).

In China, as traditional carbon-intensive enterprises, coal, steel, power and other
types of enterprises are often placed in the limelight of environmental protection
issues, and their slightest omission in environmental pollution and carbon emission
issues will have a huge impact. Predictably, this impact will be amplified with the
deepening of environmental awareness. The growing carbon risks faced by carbon-
intensive companies are life-threatening for their survival and development. Since
policy formulation is ultimately implemented to micro enterprises, which are the
main targets of policy regulation, it is essential to study the impact of policy imple-
mentation on firms’ behavior. As real earnings management directly affects the qual-
ity of accounting information and thus the efficiency and effectiveness of market
resource allocation, it is important to study the impact of carbon risk on the real
earnings management behavior of enterprises for the effective operation of the capital
market and the development of China’s carbon market.

This study takes the signing of the Paris Agreement, a new global climate change
agreement, as an exogenous event and uses a sample of Chinese A-share listed com-
panies from 2010 to 2020 to empirically test the impact of corporate carbon risk on
real earnings management in the context of carbon regulation in China. We then
consider the special property rights of Chinese companies and corporate governance
capabilities in sub-sample studies. Compared to existing studies, the main contribu-
tions of this study are as follows: (1) The study can enrich the literature on the fac-
tors affecting firms’ real earnings management by identifying environmental risk
(more specifically, carbon risk) as a complementary influencing factor of real earnings
management. (2) Most of the existing studies on carbon risk explore the identi-
fication, evaluation, prediction and control of carbon risk from the perspective
of risk management, and empirically examine the impact of carbon risk on the
cost of capital, financial performance, and enterprise value based on agency theory
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(Zhou Zhifang et al., 2017), but few studies have examined whether carbon risk
affects the real earnings management of firms. (3) This study distinguishes between
state-owned and non-state-owned enterprises and the role of the level of corporate
governance in the effect of carbon risk on real management, which further increases
the depth of the study and provides a new perspective for research in related fields.

The rest of the article is organized as follows: Section Two discusses the literature
review, theoretical analysis and hypothesis development; Section Three describes the
data, variables, and econometric models; Section Four provides the empirical analysis
and heterogeneity analysis; Section Five presents the robustness tests; Section Six con-
cludes the article and discuss the conclusion.

2. Related references, theoretical analysis and hypothesis development

2.1. Carbon risk and real earnings management

2.1.1. Carbon risk
Carbon risk usually consists of three components: regulatory risk, physical risk, and
commercial risk (Dobler et al., 2014). Among them, regulatory risk is the risk associ-
ated with current and future carbon regulation policies, and such risks may have a
significant impact on the financial performance and cost of capital of a company
through additional compliance costs or carbon trading emission credits. Physical risks
are those directly related to climate change, such as short- term and long-term
droughts, floods, storms, and sea level rise. Finally, commercial risk arises at the firm
level including legal, reputational and competitive risks. If a firm is perceived to be
environmentally irresponsible, its brand image is likely to be damaged, potentially
affecting its future competitive market position and ultimately its future cash flows
(Labatt & White, 2007). Massari et al. (2016) pointed out that the level of carbon risk
varies in different industries and that carbon risk is mainly present in companies that
are directly or indirectly exposed to greenhouse gas emission limits, such as fossil fuel
industrial companies or companies that rely heavily on fossil fuels. In the context of
the era of global environmental governance, China, as the developing country with
the largest carbon footprint, is under enormous energy transition pressure.
Accordingly, China has become a signatory to the Paris Agreement and is actively
promoting energy efficiency and emission reduction. In the context of the country’s
active response to the Paris Agreement, the cost of carbon emissions for companies is
more likely to be internalized, making carbon risk gradually become an important
economic consideration.

Existing domestic and international literature measuring carbon risk includes price
indices in the carbon emissions trading market (Lv & Ai, 2021), carbon emission allow-
ances (Oestreich & Tsiakas, 2015; Litterman, 2013), carbon emission levels or changes
in emissions (Bolton & Kacperczyk, 2021a, 2021b), carbon emission intensity (Lemma
et al., 2020; Phan et al., 2022), penalties received for carbon emission violations (Zhou
et al., 2017), and constructed composite index of pollution emission intensity (G€orgen
et al, 2020). In addition, carbon risk includes uncertainty of future carbon policies,
Chinese scholars mostly use environmental regulations on carbon emissions to measure
carbon risk, such as carbon emissions trading policies, policies of key cities for air
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pollution prevention and control, and China’s low-carbon pilot policies, as indicators of
carbon risk (Gao, 2022). The ‘carbon risk shock’ in this paper belongs to the regulatory
risk in carbon risk, which refers to the fact that high carbon emitting enterprises face
stricter government and media regulation due to the entry into force of the Paris
Agreement, which is a ‘shock’ to high carbon emitting enterprises.

2.1.2. Hypotheses development
As discussed in the previous section, the Paris Agreement is a shock to carbon-inten-
sive businesses. Regarding the political cost motive for firms to engage in earnings
management, it mainly refers to the fact that the management of a firm will choose
to practice a deeper degree of earnings management behavior when the political cost
is higher (Yu, M.X., 2021). Carbon-intensive companies will bear more political costs
than the other general business. Watts and Zimmerman introduced political activities
into empirical accounting research in 1978 and, based on Contract Theory, went on
to propose the political cost hypothesis. They argued that political costs are the
expected costs incurred by economic agents as a result of direct or potentially nega-
tive political activities, which include but are not limited to industry regulation, fines,
and taxation (Watts & Zimmerman, 1978). The signing and subsequent implementa-
tion of climate agreements and environmental policies are led by the government and
are government actions, which are the same for all companies, but the natural forma-
tion of different pollution emissions in different industries leads to significant differ-
ences in their impact on different companies (Chen & Zeng, 2018).And because of
the specificity of their industries, carbon-intensive companies will become the direct
target of environmental regulation policies, and the phenomenon of earnings manage-
ment for political cost motives will be more common. As the intensity of carbon
regulation continues to increase, the regulatory risk also increases. Because regulatory
risk is a component of carbon risk, the carbon risk faced by companies is gradually
increasing. Carbon intensive enterprises face adverse economic consequences due to
the pressure of strict environmental regulation and public media attention, which in
turn will affect the particular incentives for managers to manipulate earnings in the
context of carbon-intensive firms.

Second, based on the regulatory theory, the stricter the environmental regulation,
the greater the regulatory pressure on carbon-intensive enterprises compared to gen-
eral enterprises, further increasing the credit risk and leading to a tighter financing
supply (Wang & Sun, 2021). For external financing suppliers, higher carbon risk
means that enterprises may face higher potential litigation risk, for which they will
invest more in compliance costs, resulting in a significant decline in their profitability
and cash flow. Funds originally set aside for debt service are depleted, raising the risk
of debt default. In order to effectively protect their claims and collect their accounts
in a timely manner, creditors will impose some constraints on debtor companies to
limit the payment of dividends and borrowing of debts, and may even impose finan-
cial indicators such as interest coverage multiples, operating capital and total net
assets of debtor companies to restrict management’s freedom by increasing the cost
of violating borrowing contracts (Ma, 2010). Thus, there is a strong incentive for debt
covenants to implement excessive earnings management when firms are likely to fail
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to meet the requirements of restrictive clauses. Chen, S et al. (2020) found that firms
adopt a combination of two types of earnings management strategies when they face
financing constraints. Li et al. (2011) concluded empirically that the higher the debt
ratio of a firm, in order to avoid default, the stronger the incentive for management
to engage in accrual and real earnings management. The above analysis shows that
carbon-intensive firms have stronger debt contractual and political cost incentives to
engage in real earnings management than other general firms.

So, what are the effects of carbon risk shocks on the real earnings management
behavior of carbon-intensive firms and what are the possible mediating channel?
Market pressures for reducing greenhouse gas emissions, perceived greenhouse gas-
related regulatory uncertainty and environmental strategy focus are important deter-
minants of corporate greenhouse gas reduction strategies (Cadez et al., 2019). The
direct effects of carbon risk on firms are manifested in increased uncertainty about
firms’ future cash flows, increased default risk, and enhanced external supervision
due to the uncertainty about future climate change, the use of fossil fuel, future regu-
lation of carbon policies, and technology shocks to firms’ business (Hoffmann &
Busch, 2008).

There is no uniform answer to the question of how changes in political costs can
affect corporate earnings management in the China. While some previous studies
support the Western ‘political cost hypothesis’ that firms choose downward earnings
management when political costs rise (Guo, 2014; Ye, 2012), other studies conclude
that, contrary to the Western ‘political cost hypothesis’, firms choose upward earnings
management when the government, the ‘visible hand’, actively intervenes in the mar-
ket economy. When the ‘visible hand’ actively intervenes in the market economy,
firms choose to manipulate their earnings upward for the purpose of obtaining more
government-allocated resources. Lei & Liu (2006) found that the larger the size of the
firm, the greater the degree of upward earnings management, using the 1999 annual
data of A-share listed firms. Using the 2007 income tax reform as the research back-
ground, Li, Z.F et al. (2011) found that the change in interest rates brought about by
the income tax reform led to an increase in corporate political costs, which in turn
made corporate management tend to use real earnings management to make larger
earnings. Therefore, based on the context of the signing of the Paris Agreement, fur-
ther research is needed to study the impact of carbon risk on corporate real earnings
management behavior.

Carbon-intensive companies typically have high fixed costs, such as carbon-related
cleanup costs, compliance and litigation costs, and reputational damage costs
(Clarkson et al., 2015). Although enhancing resources and production efficiency can
reduce pollution, for a rapidly developing nations like China, efficiency improvements
are often offset by production increases, resulting in an increase rather than a
decrease in overall emissions (Cadez & Guilding, 2017).The increase of the above
costs will lead to a decline in financial performance, which leads managers to imple-
ment upward real earnings management. Nguyen (2018) found that future climate
policies and regulations can lead to a degree of uncertainty for carbon-intensive firms,
which can put greater pressure on their financial performance and, in turn, lead to
lower financial performance. At this point, managers are more motivated to
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implement more covert and flexible upward real earnings management to exaggerate
earnings and suppress negative news and to offset the negative news from carbon
emissions by providing stakeholder with quality financial reports. The negative effects
of carbon risk on firms mainly focus on financial leverage, corporate investment, cost
of debt and firms’ dividend distribution decisions. For example, Nguyena & Phan
(2020) used Australia’s ratification of the Kyoto Protocol as a quasi-natural experi-
ment to examine the causal impact of carbon risk on firms’ capital structure. They
found that the ratification of the Kyoto Protocol led to a decrease in the financial
leverage of firms with high carbon emissions, which was achieved through the
increased risk of financial distress. For the same question, a similar study was con-
ducted by Wang & Sun (2021) with a sample of Chinese companies, who used
China’s signing of the Paris Agreement as a quasi-natural experiment to test the
impact of carbon risk on firms’ financial leverage. Their study found that carbon-
intensive firms significantly reduced their financial leverage after signing an agree-
ment. The study further showed that the result was more significant for state-owned
enterprises and firms with higher financing constraints, based on the nature of prop-
erty rights and financing environments specific to China. Using companies listed on
the Euro Stoxx 600 Index, Pizzutilo et al. (2020) demonstrated a positive relationship
between carbon risk and firms’ cost of debt. However, Zhou et al. (2017) showed that
the relationship between carbon risk and the cost of debt financing was ‘U’ shaped,
that is to say, there was an ‘interval effect’ between carbon risk and cost of debt
financing, and this effect was mainly reflected in private enterprises, but not signifi-
cant in state-owned enterprises. Listed companies belonging to carbon-intensive
industries in the A-share in China’s Shanghai and Shenzhen markets from 2011 to
2015 were used as the research sample in this study. However, Wang (2020) studied
the relationship between carbon risk and the cost of debt using different measures of
carbon risk for a sample of 76 companies in A-share listed heavily polluting indus-
tries from 2012 to 2018 and found that increased carbon risk can raise the cost of
debt for companies, similar to the results of foreign studies. Phan et al. (2022) con-
cluded that carbon risk harmed corporate investment and that this risk reduced the
corporate investment efficiency by analyzing a cross-country sample of 14,874 compa-
nies from 2002 to 2017. In addition, carbon risk impacted firms’ dividend distribution
decisions. Balachandran & Nguyen (2018) found that after the ratification of the
Kyoto Protocol, firms in industries with higher carbon emissions were less likely to
pay dividends and had lower dividend payout rates relative to those with low carbon
emissions.

The enactment of carbon regulation policy will lead to external monitoring effect,
which will increase the cost of real earnings management, and thus reduce the degree
of real earnings management. (Hu et al., 2022). Under the guiding effect of the rele-
vant policies, carbon intensive industries become the focus of social media attention
and government regulation, which can effectively restrain the management’s earnings
management behavior. First, in the capital market, securities analysts and institutional
investors are important subjects to monitor the management of listed companies, and
they will be keen to perceive the possible self-interest of the management, so as to
monitor the management of enterprises more strictly and restrain their opportunistic
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behaviors. Second, as an important information medium outside the enterprise, the
news media can effectively monitor the management behavior of listed companies
and play its corporate governance role through monitoring, reputation and market
pressure mechanisms (Tian et al., 2016). The spotlight effect brought by media atten-
tion can effectively reveal the existing problems of enterprises concerned and restrain
the management’s behavior of manipulating accounting information. Thirdly,
accounting regulation by government departments has a facilitating effect on the
quality of accounting information of listed companies (Li, 2007). Under the policy
guidance, the government will take the initiative to strengthen the accounting super-
vision and penalties for non-compliance of carbon-intensive enterprises, which can
strongly monitor and restrain the management behavior and thus reduce the degree
of corporate earnings management.

Reviewing the literature, we found that there are few literature studying the direct
effect of carbon risk on firms’ real earnings management, but the studies on environ-
mental regulation on firm performance, motivation of real earnings management and
the economic consequences of carbon risk to firms provide references for this paper.
The research mainly has the following characteristics: (1) Some scholars have studied
the relationship between political cost, financial performance, external supervision
and corporate earnings management., but no scholars have yet studied carbon risk
and corporate earnings management, so further improvement is needed to fill the gap
in the research field. (2) Existing research on carbon risk mainly uses panel data to
empirically test the impact of carbon risk on corporate capital structure, cost of debt,
debt maturity, corporate investment, dividend policy. However, few scholars have
studied whether real earnings management, a financial reporting decision, is related
to carbon risk.

The potential impact of carbon risk on firms’ earnings management is unclear.
Firstly, based on the political cost hypothesis, the increasing carbon risk faced by
enterprises will lead to the rise of political cost, and enterprises will choose to
manipulate earnings upward for the purpose of obtaining more government resour-
ces. Secondly, carbon-intensive firms usually have high fixed costs, which will lead to
the decline of financial performance and encourage managers to implement upward
real earnings management. Finally, the carbon regulation policies will lead to external
supervision effect, increase the cost of real earnings management of enterprises, and
then reduce the degree of real earnings management of enterprises. Based on the
above analysis, this paper proposes the following hypothesis:

H1a: Carbon risk is positively related to upward REM.

H1b: Carbon risk is negatively related to upward REM.

2.2. Carbon risk, nature of property rights, and real earnings management

Previous scholars have argued that firms with different natures of ownership have dif-
ferent choices in implementing real earnings management behaviors. For example,
Xie & Liao (2018) found a stronger positive relationship between controlling share-
holders’ equity pledging practices and upward manipulation of earnings for real
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earnings management in non-state holding companies. In addition, Ou & Zhao
(2022) found that the positive relationship between managerial overconfidence and
real earnings management is greater in non-state firms than in-state firms when
board independence is high.

Inspired by the above literature, this study argues that, on the one hand, after the
Paris Agreement is signed, the government will highlight carbon regulation, and
state-owned enterprises will be more sensitive to the policy; thus, state-owned enter-
prises will be able to adjust their operation and investment activities promptly to
reduce the impact of carbon risk. At this time, non-state-owned enterprises, which
may become targets of government control, face greater carbon risk and have stron-
ger incentives to engage in upward real earnings management behavior. On the other
hand, since managers in state-owned enterprises are more likely to originate from the
government, they are more cautious about implementing real earnings management
than managers of non-state-owned enterprises. Therefore, we propose the following
hypothesis:

H2: The positive relationship between carbon risk and real earnings management is
stronger for non-state-owned enterprises.

2.3. Carbon risk, the corporate governance level, and real earnings
management

As mentioned, real earnings management harms the long-term value of a firm.
Bhojraj et al. (2009) showed that reducing discretionary expenses to obtain higher
short-term earnings led to poor performance of firms in the future. Similarly, Cohen
& Zarowin (2010) and Kothari et al. (2016) found under-performance following seas-
oned equity offerings (SEO) to be greater for firms that engage in REM at the time
of SEO. Existing studies have found that stronger internal corporate governance can
moderate managers’ REM behavior and that well-governed firms are less likely to
engage in activities that reduce shareholder value (Chen et al., 2015; Cheng et al.,
2016; Fang & Jin, 2011; Huang et al., 2020). Therefore, strong corporate governance
acts as a constraint on managers’ tendency to make value-destroying decisions
(Jensen & Meckling, 1976; Shleifer & Vishny, 1997). Corporate governance system
comprises a range of actors and/or mechanisms, including the board of directors, the
management board, the audit committee, the internal audit function, the regulators
and others (Bajra & Cadez, 2018b). According to Bajra & Cadez(2018b), they found
that audit committee monitoring effectiveness and competencies are positively associ-
ated with financial reporting quality. In addition to this, they also found that internal
audit function quality and board of directors’ quality, two key mechanisms in the cor-
porate governance mosaic, are important mechanisms for deterring earnings manage-
ment (Bajra & Cadez 2018a).

Based on these findings, we expect that the positive relationship between carbon
risk and upward real earnings management will be weaker in firms with higher levels
of governance. Therefore, we propose the following hypothesis:

H3: The positive association between carbon risk and real earnings management is
weaker for firms with strong corporate governance.
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3. Research design

3.1. Data and sample selection

Our sample consists of firm-year observations of all listed companies that issues RMB
common stocks in China from 2010 to 2020. As we all know, China is under pressure
to reduce carbon emissions, and has implemented more stringent environmental reg-
ulations and policies. Since companies are both the main contributors to carbon
emissions and in fact the key to the problem, it has reality significance to study the
economic consequences of carbon risk for companies in China. After removing
the missing values, we obtained 22,357 observations. All the financial information at
the firm-level is acquired from the Chinese Stock Market and Accounting Research
Database (CSMAR). After the initial determination of the analysis sample, the sam-
ples were further processed according to the following steps: (1) Companies with
missing financial data were excluded which can ensure data integrity; (2) ST, ST�,
and PT companies were excluded, since these firms are facing a high risk of being
delisted and their stock is traded with stricter trading rules. (3) Financial companies
were excluded to take into account the specificity of the financial industry and the
differences in accounting methods; (4) To alleviate the impact of extreme value, all
continuous variables were winsorized at the 1% and 99% quartiles by year.

3.2. Difference-in- Differences model specification

Currently, the following two challenges are prevalent in empirical studies on the
impact of carbon risk on firms. The first is endogeneity. Carbon risk and real earn-
ings management may be determined by other neglected firm characteristics, leading
to bias and inconsistency in parameter estimation. The second challenge is the bias
caused by the small sample. In particular, only a small fraction of listed companies in
China disclose their data on carbon emissions through annual reports or social
responsibility reports; therefore, obtaining a sufficient sample of carbon emissions
data is a big challenge.

First, China’s signing of the Paris Agreement in 2016 provides a good quasi-nat-
ural experimental condition for this study. The Paris Agreement is the third landmark
international legal document in human history that deals with climate change after
the United Nations Framework Convention on Climate Change and the Kyoto
Protocol, which built the general pattern of global climate governance after 2020. In
addition, China will take corresponding measures to actively fulfill the Paris
Agreement requirements after its signing. Therefore, it is reasonable to use the Paris
Agreement as an external shock for carbon-intensive firms. Using this policy change
allows us to establish the causal impact of carbon risk on firms’ real earnings man-
agement. Second, to address the small sample bias, we rely on the polluting nature of
a firm’s industry. Specifically, we define carbon-intensive and low-carbon emitting
firms based on the industry’s relative carbon emissions and energy consumption lev-
els. The Paris Agreement is implemented for carbon-intensive firms. It does not affect
low-carbon emitting firms, so carbon-intensive and low-carbon emitting firms are
good experimental and control groups.
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Under this condition, this paper uses a Difference-in- Differences model (DID) to
identify the causal relationship between carbon risk and firms’ real earnings manage-
ment. The DID model largely avoids the reverse-causality problem, which can better
exclude the interference of factors other than policies on the estimation results, and
the time and industry fixed effects alleviate the omitted variable problem. Our base-
line DID model has the following form:

REMi, t ¼ b0 þ b1polluteri, t þ b2posti, t þ b3polluteri, t � posti, t
þ
X

bConrtoli, t þ IndustryFEþ YearFEþ ei, t

3.3. Variable definition

3.3.1. Measurement for the real earnings management
The explained variable is REM. Referring to Roychowdury (2006) and Cohen and
Zarowin (2010), we measure real earnings management based on Equations (1)–(4).
First, we estimate the residuals by regressing Equations (1)–(3) by industry and year
to calculate the firm’s abnormal discretionary expenses (AB_DISEXP), abnormal
product costs (AB_ PROD), and abnormal net operating cash flows (AB_CFO).
Based on these three indicators, a composite indicator (REM) is constructed accord-
ing to Equation (4) to measure the extent of real earnings management that manipu-
lates earnings upward. The higher the REM value, the higher the degree of an
upward earnings adjustment through real activity this year.

DISEXPi, t=Ai, t�1 ¼ a0 þ a1 1=Ai, t�1ð Þ þ a2 Si, t�1=Ai, t�1ð Þ þ ei, t
disexp (1)

PRODi, t=Ai, t�1 ¼ a0 þ a1 1=Ai, t�1ð Þ þ a2 Si, t=Ai, t�1ð Þ þ a3 DSi, t=Ai, t�1ð Þ
þ a4 DSi, t�1=Ai, t�1ð Þ þ ei, t

prod (2)

CFOi, t=Ai, t�1 ¼ a0 þ a1 1=Ai, t�1ð Þ þ a2 Si, t=Ai, t�1ð Þ þ a3 DSi, t=Ai, t�1ð Þ þ ei, t
cfo (3)

REM ¼ AB PROD� AB DISEXP� AB CFO (4)

In these equations, ei,t
disexp, ei,t

prod, and ei,t
cfo from Equations (1)–(3) denote AB_

DISEXP, AB_PROD, and AB_CFO, respectively, which are regression residuals from
Equations (1)–(3). The other variables involved in Equations (1)–(3) are defined in Table 1.

3.3.2 Measurement for the carbon risk
This study uses the signing of the Paris Agreement in China in 2016 as a quasi-nat-
ural experiment. It constructs an interaction term (polluter � post) to capture the
effect of carbon risk on firms’ REM. Polluter denotes whether the firm is in the
experimental group: carbon-intensive firms (experimental group) are 1, and other
firms (control group) are 0. The State Council issued The Notice on the Pilot Work of
Carbon Emission Trading in 2011, which proposed the gradual implementation of a
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carbon emissions trading market. Eight industries–petrochemical, chemical, building
materials, iron and steel, non-ferrous, paper, electricity, and aviation–are gradually
included in this market. Thus, this study defines listed companies in the above eight
industries as carbon-intensive enterprises and listed companies in other industries as
low-carbon-emitting enterprises. Post denotes the time variable of China signing the
Paris Agreement, with 1 for the year after the event and 0 for other years. This study
focuses on b3: the coefficient of polluter�post. If b3 is significantly positive, carbon
risk can strengthen real earnings management behavior. Thus, H1a is verified.

3.3.3. Measurement for the control variables
Following previous studies such as Xie & Liao (2018), Chen et al. (2018), He et al.
(2019) and Liu et al. (2018), this study selects ROA, size, Tobin’s Q, leverage, growth,
loss, top1, nature, big4, msl, analysts, and insthold as control variables. The industry
dummy variable and year dummy variable is also set to control industry and year
effects. The detailed definitions of the control variables are presented in Table 2.

4. Empirical result

4.1. Description statistics

Table 3 presents the descriptive statistics of the primary variables. The standard devi-
ation of REM is 0.178, the maximum value of REM is 0.468, and the minimum value

Table 1. Definition of variables of Equations (1)–(3).
Variable Definition

DISEXPi,t The sum of selling expenses and administrative expenses
Ai,t-1 The total assets in year t-1
PRODi,t The sum of operating cost and the increase of inventory cost
Si,t Revenue from main business
DSi,t Revenue from main business’s difference between the current year and the previous year
CFOi,t The operating cash flow

Source: CSMAR.

Table 2. Variables definitions.
Variable Definition

REM REM¼AB_PROD-AB_DISEXP-AB_CFO
polluter Dummy variable, which represents whether a firm is carbon intensive firms
post Dummy variable, whether the year is after 2016 or not
pollpost pollpost¼ polluter�post
size Natural logarithm of total assets
ROA Net profit／total assets
leverage Financial leverage, which is the ratio of total liabilities to total assets
tobinq The ratio of market value of assets to book value of assets
growth Sales growth rate from year t to year t-1
loss Dummy variable to denote whether a firm has negative net earnings
top1 The shareholding of the largest shareholder
nature Dummy variable, equals one if a firm’s actual controller is government
big4 Dummy variable, equals one if a firm’s annual report is audited by the big4

auditors, including Deloitte, Ernst & Young, KPMG, and PwC.
msl The shareholding of management
analysts Natural logarithm of one plus the number of analysts following the firm
insthold The shareholding of institutional shareholders

Source: CSMAR.

12 W. HAN ET AL.



of REM is 0.612, which shows that the real earnings management of sample compa-
nies has a large variation. The polluter has a mean of 0.273, indicating that treated
firms occupy approximately 27.3% of the total sample. The mean value of the poll-
post is 0.126, indicating that firms with high carbon emissions after the Paris
Agreement account for 12.6% of the total observations. In terms of the main control
variables, the mean value of firm size is 22.288, and the corresponding standard devi-
ation is 1.277, indicating some differences in size among firms. Leverage has a mean
of 0.439, indicating that the overall debt level of firms remains reasonable.

4.2. Regression analysis

4.2.1. Parallel trend test
One of the prerequisites for the validity of the DID is that the experimental and con-
trol groups satisfy the parallel trend assumption before the event. Therefore, to verify

Table 3. Summary statistics.
Variable N mean p50 sd min max

REM 22537 �0.004 0.006 0.178 �0.612 0.468
post 22537 0.563 1.000 0.496 0.000 1.000
polluter 22537 0.273 0.000 0.445 0.000 1.000
pollpost 22537 0.143 0.000 0.350 0.000 1.000
size 22537 22.288 22.102 1.277 19.977 26.277
leverage 22537 0.439 0.435 0.203 0.059 0.891
ROA 22537 0.035 0.035 0.062 �0.286 0.206
tobinq 22537 2.046 1.614 1.320 0.865 8.865
growth 22537 0.418 0.144 1.113 �0.682 8.156
loss 22537 0.100 0.000 0.300 0.000 1.000
salary 22537 0.007 0.005 0.007 0.000 0.038
top1 22537 34.224 32.046 14.795 8.748 74.890
msl 22537 11.621 0.241 18.338 0.000 70.696
analysts 22537 1.485 1.386 1.194 0.000 4.331
insthold 22517 44.091 46.246 24.180 0.000 101.140
big4 22517 0.059 0.000 0.236 0.000 1.000

Source: CSMAR.

Figure 1. Time trends in real earnings management for carbon-intensive and low-carbon emitting
firms.
Source: CSMAR.
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the appropriateness of the model used in this study, a parallel trend test is conducted
for the experimental and control groups. As shown in Figure 1, before the Paris
Agreement (from 2010 to 2015), the experimental group (carbon-intensive firms) and
control group (non-carbon-intensive firms) showed a trend of falling, rising, and
then falling in the average growth trend of real earnings management. Whereas after
2016, the REM of the experimental group showed a rising, falling, then decreasing
trend, and the REM of the control group showed a rising trend all the time. The
trends in the two groups showed a significant difference. Therefore, the DID model
used in this study is consistent with the premise of a parallel trend.

In addition, the dynamic effects of the policy between years are also presented
using the event research method (the mid-point in each vertical line is the parameter
estimate and the two endpoints are confident intervals at the 95% confidence level).
As shown in Figure 2, there is no significant difference between the two groups
before signing the agreement. However, after signing the agreement, the coefficients
are significantly positive. This result satisfies the premise of the parallel trend hypoth-
esis. The above results indicate that the true surplus management of carbon-intensive
and low-carbon emitting firms in this study satisfies the parallel trend hypothesis.

4.2.2. Regression analysis
Column (1) of Table 4 presents the empirical regression results for H1. The coeffi-
cient of polluter is �0.028, which passes the significance test at the 1% level, indicat-
ing that the average difference between the REM of low-carbon-firms and high-carbon
emitting firms before the Paris Agreement is 0.028. The number of low-carbon emitting
firms engaging in upward REM is greater from 2010 to 2015. We need to pay attention
to the coefficient of the term pollpost; as we can see, the coefficient of pollpost is 0.024,
which is significantly positive at a 1% level of significance. The empirical results show
that the carbon-intensive firms after the Paris Agreement (firms with high carbon risk)
have a greater degree of upward adjustment in their real earnings management. Thus,
H1a is verified.

Figure 2. Trends in REM in carbon-intensive and low-carbon emitting firms for the event research
method.
Source: CSMAR.
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4.3. Analysis of heterogeneity

In the above main regressions, the results show that carbon risk significantly increases
the degree of REM in firms that manipulate their earnings upward. Based on the the-
oretical analysis in the second section of this study, we further reason that carbon
risk affects the REM of different firm types. Therefore, the next step is to empirically
test this judgment by dividing the overall sample into different subsamples according
to the nature of the ownership and corporate governance. We then conduct regres-
sion tests on each subsample based on the basic regression model.

4.3.1. Nature of property rights
As shown in H2, state-owned enterprises have a higher sensitivity to national policy
implementation, and executives in state-owned enterprises have a higher degree of

Table 4. Carbon risk and real earnings management.

(1)
(2)

State-owned enterprises
(3)

Non-state-owned enterprises
REM REM REM

post �0.034��� �0.018�� �0.032�
(�4.830) (�2.409) (�1.743)

polluter �0.028��� �0.014 �0.047���
(�3.981) (�1.543) (�4.134)

pollpost 0.024��� 0.003 0.032���
(5.341) (0.520) (4.822)

size 0.007��� 0.015��� 0.000
(3.831) (6.068) (0.073)

leverage 0.074��� 0.058��� 0.091���
(9.858) (5.235) (8.795)

ROA �1.008��� �0.951��� �1.060���
(�31.166) (�17.001) (�26.139)

tobinq �0.007��� �0.0002 �0.0101���
(�5.624) (�0.074) (�6.389)

growth �0.0004 �0.0009 �0.0002
(�0.293) (�0.433) (�0.095)

loss �0.090��� �0.050��� �0.121���
(�18.755) (�7.711) (�17.404)

salary �1.379��� �0.588 �1.726���
(�5.807) (�1.222) (�6.052)

top1 0.0002� 0.0004��� 0.0000
(1.866) (2.763) (0.359)

msl �0.0004��� �0.002��� �0.0003���
(�3.982) (�2.965) (�2.688)

analysts �0.025��� �0.021��� �0.027���
(�19.534) (�10.451) (�15.935)

insthold �0.0004��� �0.0008��� �0.0003��
(�5.054) (�5.514) (�2.423)

big4 �0.040��� �0.027��� �0.065���
(�7.945) (�4.682) (�7.021)

nature 0.021��� – –
(7.498)

_cons �0.054 – –
(�1.401) (�4.531) (1.989)

F 60.974 99.838 41.884
N 22103 8898 13205
Year Yes Yes Yes
Industry Yes Yes Yes
�, ��, ��� represent the coefficient is significant at the 10%, 5%, and 1% level, respectively.
Source: CSMAR.
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prudence in implementing REM. To test H2, we divided the whole sample into a
sample group of state-owned enterprises and a sample group of non-state-owned
enterprises based on the nature of property rights. The regression results are shown
in columns (2) and (3) of Table 4. The coefficient of pollpost is significant only in
the sample of non-state-owned enterprises. This indicates that non-state-owned car-
bon-intensive firms prefer to engage in upward REM when the carbon risk increases.
This result validates H2.

4.3.2. Level of corporate governance
As mentioned earlier, strong corporate governance acts as a constraint on the ten-
dency of managers to make value-destroying decisions. Therefore, if a firm has a high
level of corporate governance, it may inhibit management’s tendency to engage in
REM and weaken the effect of carbon risk on real earnings management. To test this
assumption, we use three indicators–corporate equity checks and balances (share),
high-quality audit (big4), and the number of analysts tracking (attention)–to measure
the corporate governance level of firms. Specifically, a share is equal to the sum of
the shareholdings of the second to fifth largest shareholders divided by the sharehold-
ing of the first largest shareholder; Big4 is a dummy variable that takes the value of 1
when the firm’s auditor for the year is an international Big 4, and 0 otherwise;
Attention equals the number of analysts following the firm for the year. We divide
the full sample into high equity checks and balances and low equity checks and bal-
ances groups, high analyst attention and low analyst attention groups based on the
sample median of share and attention. We then divide the sample into Big 4 and
non-Big 4 audit groups based on whether Big4 equals 1. We expect that carbon risk
will lead to a greater degree of upward real earnings management in firms with the
worse corporate governance (i.e., lower equity checks and balances, non-Big 4 audits,
and low analyst attention).

The test results are presented in Table 5. Columns (1)–(2), (3)–(4), and (5)–(6)
show the results of the subgroup tests that measure the level of corporate governance
using equity checks and balances, the high-quality audits, and analyst attention,

Table 5. Carbon risk, level of corporate governance, and real earnings management.
(1) (2)

High corporate
equity checks
and balances

Low
corporate equity

checks and balances

(3)
Big4
audit

(4)
Non-big4
audit

(5)
High analyst
attention

(6)
Low

analyst attention

plluter �0.031��� 0.013 �0.009 �0.031��� �0.030��� 0.016
(�4.270) (0.454) (�0.515) (�4.014) (�4.234) (0.530)

post �0.036��� �0.021 0.0518�� �0.0363��� �0.0351��� �0.0228
(�4.674) (�1.280) (2.016) (�5.036) (�4.595) (�1.389)

pollpost 0.021��� 0.036��� �0.012 0.025��� 0.020��� 0.038���
(4.355) (3.312) (�0.747) (5.342) (4.177) (3.571)

Control Yes Yes Yes Yes Yes Yes
r2 0.199 0.137 0.395 0.182 0.199 0.136
F 56.502 6.615 . 54.846 56.061 6.927
N 19228 2875 1306 20797 19100 3003
Year Yes Yes Yes Yes Yes Yes
Industry Yes Yes Yes Yes Yes Yes
�, ��, ��� represent the coefficient is significant at the 10%, 5%, and 1% level, respectively.
Source: CSMAR.

16 W. HAN ET AL.



respectively. The results show that although the coefficient of pollpost is significant in
columns (1) and (2) and columns (5) and (6), the coefficient of pollpost is larger in
columns (2) and (6) than in columns (1) and (5). The coefficient of pollpost is not
significant in the Big 4 audit group in column (3), whereas in the non-Big 4 audit
group in column (4), the coefficient of pollpost is significant at the 1% level of sig-
nificance. Thus, it can be concluded that the effect of carbon risk on firms’ upward
adjustment of REM is greater in firms with poor corporate governance, indicating
that effective corporate governance, to some extent, can inhibit the irrational behavior
of management under the influence of carbon risk and weaken the effect of carbon
risk on firms’ REM, confirming the proposed H3.

5. Robustness checks

5.1. Placebo test

To exclude the influence of other policy and stochastic factors on the findings: this
study uses the counterfactual method to verify the causal relationship between carbon
risk and firms’ real earnings management (Minggui Yu et al., 2021). Specifically,
forthe counterfactual test, we take the years 2010-2015, when the Paris Agreement
has not yet been implemented, as the sample interval and assume 2013 and 2014 as
the signing years. The regression results are shown in columns (1) and (2) of Table 6
for pollpostfalse . We can observe that none of the coefficients of pollpostfalse are sig-
nificant, indicating that the results of this study are robust, driven by China’s signing
of the Paris Agreement in 2016 rather than by other policy or stochastic factors.

Meanwhile, to increase the credibility of the conclusions, we then performed a pla-
cebo test by randomly assigning the experimental and control groups. Specifically, we
randomly selected some samples originally involved in the regression as the experi-
mental group and the remaining samples as the control group. Then, we created a
new interaction term Polluter�post according to the new experimental and control
groups and bring it into the model for regression, recording the coefficients and t-
values of the interaction term. The simulation experiments are repeated 500 times
according to the above method. Table 7 shows the standard deviation, mean, median,
and each percentile of the coefficients and t-values of Polluter�post. We can conclude
that the t-values of the coefficients of Polluter�post are not significant, except for the
5th percentile. The results indicate that the findings of this study are due to random
factors.

5.2 Propensity score matching(PSM) and DID

The experimental and control groups in this study are high-carbon-intensive and
low-carbon-emitting firms. However, the REM of these two firm types may be inher-
ently different, leading to sample selection bias. Since PSM-DID can effectively miti-
gate endogenous issues, this study uses the propensity score assignment to control
potential endogenous issues. First, we performed no-release matching with all control
variables in the model as matching variables and then matched the experimental and
control groups based on the scores with nearest-neighbor matching, which can test
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the effect of matching. The test results showed that the % bias of all covariates after
matching was less than 10%. Finally, the samples involved in the matching were
brought into the model for regression, and the results are shown in Table 8. It can be
seen that the results did not change substantially after matching and still sup-
port H1a.

Table 7. Placebo test2.
Variable S.D. Mean P5 P25 P50 P75 P95

Polluter�post Coefficient �0.002 0.006 �0.011 �0.005 �0.002 0.002 0.007
T-Value �0.335 1.082 �2.053 �1.018 �0.321 0.391 1.441

Source: CSMAR.

Table 6. Placebo test1.
(1)
2013

(1)
2014

REM REM

postfalse �0.029��� �0.027���
(�3.243) (�3.363)

polluter �0.010 �0.012
(�0.965) (�1.296)

pollpostfalse �0.011 �0.008
(�1.583) (�1.229)

size 0.0084��� 0.0084���
(3.162) (3.167)

leverage 0.055��� 0.055���
(4.633) (4.624)

ROA �1.406��� �1.406���
(�22.660) (�22.666)

tobinq �0.009��� �0.009���
(�4.701) (�4.677)

growth �0.001 �0.001
(�0.521) (�0.527)

loss �0.087��� �0.087���
(�12.467) (�12.446)

salary �0.913�� �0.912��
(�2.318) (�2.314)

top1 0.000�� 0.000��
(2.048) (2.064)

msl �0.0001 �0.0001
(�0.461) (�0.475)

analysts �0.024��� �0.024���
(�10.998) (�10.974)

insthold �0.0004��� �0.0004���
(�2.787) (�2.810)

big4 �0.043��� �0.043���
(�5.654) (�5.655)

nature 0.009�� 0.009��
(2.001) (1.997)

_cons �0.081 �0.081
(�1.400) (�1.390)

r2 0.208 0.208
F 33.551 33.518
N 9727 9727
Year Yes Yes
Industry Yes Yes
�, ��, ��� represent the coefficient is significant at the 10%, 5%, and 1% level, respectively.
Source: CSMAR.
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6. Discussion and conclusion

This study examined the impact of carbon risk on firms’ real earnings management.
We found that carbon risk is positively associated with upward real earnings manage-
ment, and the above result still stands after parallel trend tests and placebo tests.

Furthermore, we found that the positive effect of carbon risk on REM in non-state
enterprises is stronger after the Paris Agreement. By emphasizing the role of corpor-
ate governance in REM behavior, we also found that the relationship between carbon
risk and REM is stronger in firms with low equity checks and balances, non-Big 4
audits, and low analyst attention.

The findings of this study support the positive relationship between political costs
and upward real earnings management proposed by some scholars. When firms are
exposed to greater carbon risk, they bear more political costs, which in turn affects
managers’ motivation to manage their earnings.

Table 8. The result of PSM-DID.
(1)
REM

treated �0.028���
(�3.968)

post �0.033���
(�4.776)

treated�post 0.023���
(5.311)

size 0.007���
(3.816)

levarage 0.074���
(9.908)

ROA �1.006���
(�31.054)

tobinq �0.007���
(�5.643)

growth �0.001
(�0.607)

loss �0.090���
(�18.767)

salary �1.417���
(�5.944)

top1 0.0002�
(1.947)

msl �0.0004���
(�3.940)

analysts �0.026���
(�19.605)

insthold �0.0004���
(�5.104)

big4 �0.040���
(�7.948)

nature 0.022���
(7.540)

_cons �0.050
(�1.298)

r2 0.190
F 61.047
N 22076
Year Yes
Industry Yes
�, ��, ��� represent the coefficient is significant at the 10%, 5%, and 1% level, respectively.
Source: CSMAR.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 19



This finding is worth considering: Chen et al. (2022), based on Information
Asymmetry Theory, examined the impact of environmental regulations on firms’ real
and accrued earnings management using the DID approach and found that stricter
environmental regulations were negatively related to real earnings management.
Based on The Political Cost Hypothesis, Huang & Zhou (2021) found that after the
implementation of the new Environmental Protection Law, heavily polluting firms
engaged in significant upward accrual earnings management and real earnings man-
agement compared to non-polluting firms. Both studies examine the relationship
between environmental regulation and firms real earnings management, but yield
opposite results. Based on the above studies, this paper specified the study to carbon-
intensive firms and replaced the independent variable of environmental regulation
with carbon risk. Carbon risk refers not only to the regulatory risk associated with
stricter carbon regulation policies, but also to physical and commercial risk. The
study found that carbon risk promotes upward real earnings management by firms.
We argue that different types of firms respond differently to environmental regulatory
policies and that firms react differently to different environmental regulatory policies.
As Li, H., & Li, B. (2019) argued, there is no simple linear relationship between
environmental regulation intensity and industrial economic green transformation, and
there is a threshold effect in environmental regulation intensity and industrial green
transformation. This paper enriches the research on the impact of environmental reg-
ulations on the quality of corporate earnings. In contrast to the findings of Chen
et al.(2022), the results of this paper demonstrate that environmental regulations do
not all incentivize firms to provide better quality of earnings.

On the other hand, carbon risk can improve the carbon performance level of
enterprises and has a positive impact on carbon emission reduction effect. First of all,
from the perspective of the impact of government environmental regulations on car-
bon emission reduction, Li et al. (2020) found that government intervention in the
environment could effectively reduce the rate of carbon emission. Wu et al. (2021)
tested the carbon emission reduction effect of the market and found that government
administrative intervention in the carbon market has a significant positive impact on
the carbon emission reduction effect. Secondly, based on the pressure of economic
stakeholders, the rise of low-carbon economy also forces enterprises to take measures
to maintain their legal status and competitive advantage. In addition to government
supervision, external factors affecting corporate carbon performance also include
pressure from economic stakeholders (mainly including investors, competitors and
consumers) (Ashraf et al., 2021; Cai & Zhou, 2014; Cordeiro & Tewari, 2015; Zhou
et al., 2020). After the signing of the Paris Agreement, public awareness of carbon
risk has been significantly enhanced, which will also have an impact on the carbon
performance of enterprises. Due to the pressure of the public and the needs of their
own business and development strategies, enterprises in global production and tend
to have strong environmental awareness and adopt positive attitudes and behaviors to
conduct environmental governance, which will significantly improve their own carbon
performance (Cheng et al., 2018). Finally, in order to respond to the carbon informa-
tion required by stakeholders and the public, it is increasingly important to disclose
carbon information. Qian & Schaltegger (2017) have found that changes in the level
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of carbon information disclosure of enterprises are positively correlated with subse-
quent changes in carbon performance. Alsaifi (2021) obtained the same result
through empirical research, that is, strengthening the carbon information disclosure
of enterprises is conducive to improving the carbon performance in terms of green-
house gas emissions.

Therefore, it can be seen that, on the one hand, the signing of Paris Agreement
increases the carbon risk, and a series of negative impacts on enterprises will make
them carry out real earnings management to a certain extent. On the other hand, it
will play a positive role in firms’ carbon performance and carbon emission reduction.
It is worth considering that perhaps a small increase in REM is an acceptable cost in
order to protect the planet and society, that is, to reduce pollution and protect the
planet for future generations.

Based on the conclusions above, this study has the following suggestions: First,
China should firmly fulfill the Paris Agreement commitments, although strict carbon
regulation policies will make carbon-intensive enterprises face greater carbon risk,
which can make firms have stronger incentives to carry out REM of upwardly
adjusted earnings and reduce the quality of corporate accounting information to
some extent. However, enterprises’ REM behavior will be suppressed through high-
quality internal control and external supervision. Perhaps a small increase in REM is
an acceptable cost to secure much more important benefits for the planet and the
society, i.e., pollution reduction and preserving the planet for future generations.
Therefore, China should uphold the concept of the ‘Community of Human Destiny’
and take up its responsibilities and obligations in global environmental governance.
Second, the government and regulators should pay attention to the ‘strategic’
response to REM in high-carbon-intensive enterprises. Governments should consider
the nature of property rights, corporate governance capabilities, and other factors to
improve the design of the system and the direction of regulation. Simultaneously, the
government should take measures to encourage and guide carbon-intensive enter-
prises to make green transformations to prevent risks. Furthermore, government poli-
cies should not only focus on the strength of environmental regulations, but adopt
different environmental policies in different industrial sectors. Third, carbon-intensive
enterprises facing the risks brought by the uncertainty and complexity of changes in
natural environmental factors should actively face them, turn the risk challenges into
strategic opportunities, and actively seek opportunities for strategic transformation.
Finally, investors should enhance their risk awareness by considering the ability of
firms’ internal and external governance, paying attention to the proportion of institu-
tional investors and the number of analysts tracking to comprehensively judge the
quality of corporate earnings information and thus make better investment decisions.

This paper herein may have some limitations are as followed. Firstly, the conclu-
sion suggests that firms choose upward earnings management behavior when carbon
risk increases, but how is this effect transmitted? This paper lacks in-depth research
on this aspect, and the mechanism of carbon risk’s influence on firms’ real earnings
management will be the direction of further research in this paper. Secondly, the art-
icle adopts the data of carbon-intensive listed companies from 2010-2020 as the sam-
ple and controls the industry and annual dummy variables for study, but does not
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consider the factor that there may be differences in carbon risk and the level of cor-
porate earnings management in different regions, such as the east, middle and west,
etc. In the future, the differences in the influence of carbon risk on the real earnings
management behavior can be explored by different regions.
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