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Abstract: Emissions trading schemes (ETSs) are effective measures that facilitate economic growth
and carbon mitigation, especially for developing countries such as China. These schemes can further
affect the cash flow, production, and investment decisions of regulated companies. However, few
empirical studies have explored how ETSs promote companies’ market value. We systematically
evaluate the influence of the carbon emission trading (CET) policy on companies’ market value and
explore the influential mechanism. We use the data of listed companies from the Chinese stock “A”
markets and employ the difference-in-difference method to account for the unobserved cause of the
CET policy regarding companies’ market value. Robust benchmark regression results reveal that the
CET policy promotes companies’ market value significantly. The mechanism analysis reveals that
the CET policy can improve the market value of listed companies by influencing the carbon price,
innovative activities, and carbon disclosure. The results of the heterogeneity analysis show that the
CET policy’s impact on companies’ market value is heterogeneous in terms of marketization degree,
industry, firm ownership, and different regions. We suggest that the carbon pricing mechanism,
degree of market perfection, carbon disclosure policy, and carbon finance should be optimized to
improve the efficiency of ETSs.

Keywords: carbon emission trading schemes; carbon price; China; difference-in-difference;
market value

1. Introduction

As a market-oriented environmental regulation policy, the carbon emission trading
(CET) policy internalizes the cost of carbon emission reduction of enterprises, which will
be transmitted to the securities market and may affect the market value of enterprises.
Based on the outcomes of some previous studies, a CET policy will lead to a reduction in
an enterprise’s market value [1–3]. Implementing a CET policy increases the production
and operation costs of enterprises, which would crowd out their investment expenditure.
This cost information is exposed to the capital market via corporate financial reports.
This results in a reduction in the market value of enterprises. For example, Liu et al.
(2021) showed that the implementation of carbon emission trading reduced the value
of the current capital market. However, other studies have shown that the CET policy
will enhance an enterprise’s market value [4]. As carbon emission permits are freely
allocated, the sale of the remaining permits could be accounted for by higher cash flows
due to free permits, which would increase the market value of enterprises [5,6]. According
to the price signals of carbon emission permits, some enterprises will adapt to the new
direction of industrial development policy, increase investment in innovative activities,
and conform to environmental legitimacy to improve their sustainable development ability,
thereby enhancing their market value. In addition, certain companies with better carbon
emission abatement performance and comparative advantages in terms of abatement cost
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will provide detailed information disclosures to attract the attention of investors, thereby
exerting a positive impact on the corporation’s market value. As the effect of emission
trading schemes (ETSs) on a company’s market value is difficult to determine accurately, it
is necessary to evaluate this effect thoroughly at the micro-level, especially for developing
countries such as China.

After implementing a CET policy, a carbon emission permits market is established,
wherein the equilibrium of supply and demand determines the price of carbon emission
permits. The carbon emission permit price provides companies with a signal to choose
between investing in emissions reduction or purchasing emission allowances on the carbon
trading market. Accordingly, companies will invest in abatement until the marginal cost
equals the CET permit price [7,8]. On the one hand, CET prices may affect enterprises’
investment behaviors and expectations of investors, and these influences would be reflected
in the stock market [9]. On the other hand, many companies involved in carbon emission
trading can shift the carbon emission permit price to their product prices, thus influencing
the return rate of their stock prices [10]. Accordingly, there is a strong link between the
stock market and the carbon emission trading market [11]. Based on this price signal and
its productivity, a company will decide whether to purchase carbon emission rights to
meet the government’s emission reduction requirements or reduce emissions per unit of
output through innovation. First, companies with low productivity can only purchase
carbon emission rights to meet the government’s emission reduction requirements, which
will bring compliance costs to the company and reduce its profits [12]. Carbon emission
trading restricts the carbon emissions of these companies and increases the costs of emis-
sion reduction, compliance, and technology updates, thereby reducing the company’s
market value [13,14]. Second, companies with higher productivity can carry out innovative
activities that meet the government’s emission reduction requirements, and enhance prod-
uct competitiveness and profits, thereby increasing the company’s market value [12,13].
Therefore, there are many mechanisms by which EST affects the market value of companies,
and it has a heterogeneous impact on companies with different productivities, which needs
to be deeply explored.

As the world’s largest carbon emitter, China actively seeks to promote carbon emission
reduction through a carbon ETS. Since the European Union introduced the ETS in 2005, this
policy has been widely adopted in the US, New Zealand, Australia, Japan, South Korea,
and China [15,16]. The development and history of the international and Chinese CET
markets are shown in Table 1. At the end of 2011, the Chinese National Development
and Reform Commission (NDRC) issued a notice and authorized seven administrative
areas at different levels of economic growth and industrial structure to pilot and build
projects incorporating carbon emission trading [17]. The pilots cover all four province-level
municipalities (Beijing, Shanghai, Tianjin, and Chongqing), two provinces (Guangdong
and Hubei), and one special economic zone (Shenzhen) [18]. The preparation and launch
of the seven ETS pilots were set to take place within three years (2011–2014) [19]. The
seven ETS pilot projects were independently designed and operated, featuring a wide
heterogeneity in economic and energy conditions in terms of population, income, the share
of manufacturing, and energy consumption [18,20]. Thus, China’s CET pilot initiatives
offer an excellent opportunity for policy evaluation to investigate the impact of ETS on
companies’ market value.

Previous studies have extensively investigated the relationship between CET policies
and the market value of enterprises. Many studies have investigated the impact of CET
policy on enterprises’ market value from the perspective of cost and innovation effects, but
they obtained contradicting results. Studies from the perspective of the cost effect showed
that the impact of CET policy on enterprises’ market value is negative. On the contrary,
studies from the perspective of innovation effects showed that the impact of CET policy on
enterprises’ market value is positive [5,10,21]. Furthermore, many studies have explored
this effect from the perspective of the transmission effect of the carbon emission permit
price. Flora and Vargiolu (2020) confirmed that the carbon price stability mechanism in
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the European Union (EU) ETS significantly affects the timing of investment decisions and
helps reduce investment related to carbon emissions [18]. Brouwers et al. (2016) found
that following the EU’s carbon verification, the capital market had a significantly negative
response to companies whose carbon emissions exceeded their quotas [22]. Some studies
showed that EU allowances price changes and stock returns of the most important European
electricity corporations are positively related [1,2]. In addition, many other studies have
examined the relationship between the carbon price and the stock returns of the electricity
market. Ji et al. (2017) believed that there is strong information interdependence between
carbon price returns and electricity stock returns, evidenced by a high total connected
index [23]. Veith et al. (2009) measured the economic consequences of ETS using investors’
expectations regarding the regulatory impact of firm value. They showed that returns on
the common stock of the power generation industry are positively correlated with rising
prices for emission rights [2]. However, little is known about the internal mechanism
by which the ETS influences companies’ market value. To address this research gap, we
explore the influence mechanism of ETS on companies’ market value by taking the CET
pilot policy as a natural experiment.

Table 1. The development of history of international and China’s CET market.

Time Actions or Regulations

1 January 2005 The European Union Emission Trading Scheme (EU ETS) introduced EU allowances, which is the
first phase of the EU ETS (2005–2007).

February 2007 Seven U.S. states and four Canadian provinces have joined together to create a regional greenhouse
gas emissions trading system.

1 January 2008 The second phase of the EU ETS (2008–2012) started.
September 2008 The New Zealand ETS was enacted.

April 2010 Japan’s Kyoto Cap-and-trade system was officially launched.
1 July 2010 The Australian government announced the introduction of its Carbon Pollution Reduction Scheme.

November 2011 The Chinese NDRC issued a notice on carrying out pilot emissions trading, approved seven
provinces and cities to carry out pilot programs.

December 2011 The Chinese State Council issued the 12th Five-Year Work Plan on Controlling GHGs.

June 2012
The Chinese NDRC issued the Interim Procedures for the Management of Voluntary Greenhouse Gas

Emissions Trading. The voluntary emissions trading mechanism was established, and China
Certification Emission Reduction (CCER) trading was put forward.

18 June 2013 The first Chinese ETS pilot was launched in Shenzhen.

August 2013
The Chinese State Council issued the Opinions on Speeding up the Development of Energy

Conservation and Environmental Protection Industries. The pilot emission trading schemes was
regarded as a means to promote market-oriented mechanism.

26 November 2013 The second Chinese ETS pilot was launched in Shanghai
28 November 2013 Chinese Beijing ETS was launched
19 December 2013 Chinese Guangdong ETS was launched
26 December 2013 Chinese Tianjin ETS was launched

4 April 2014 Chinese Hubei ETS was launched
19 June 2014 Chinese Chongqing ETS was launched

1 January 2015 South Korea launched a carbon trading scheme

19 December 2017 The Chinese NDRC issued the National Carbon Emission Trading Market Construction Scheme to
control greenhouse gas emissions.

16 July 2021 China’s national CET market launched online trading, making the power generation industry the
first to be included in the national carbon market.

This study aims to investigate the effect of the CET policy on companies’ market value
and explore the influential mechanism. Exploring this influence effect and mechanism is
conducive to realizing the synergistic effect of economic growth and carbon mitigation
for policymakers in China and potentially other developing countries. Our study’s con-
tributions are the following: (1) we systematically evaluate the CET policy’s influence
on companies’ market value and explore the influential mechanism; (2) we employ the
difference-in-difference (DID) method to account for unobserved trends in the CET pol-
icy’s effect on companies’ market value across pilot and non-pilot regions. In addition,
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we select the study sample from listed companies on China’s Shanghai and Shenzhen
stock exchanges.

The remainder of this paper is organized as follows: the Section 2 provides a theoretical
foundation. The Section 3 presents the empirical model and data. The Section 4 describes
the benchmark results and a robustness check. The Section 5 presents the mechanism
analysis. The Section 6 presents the heterogeneity analysis. Finally, the conclusions and
policy recommendations are derived from the empirical outcomes.

2. Theoretical Foundation
2.1. Carbon Price

CET permits are traded as commodities in the exchange market to form an equilibrium
carbon price. The carbon price signals emission reduction costs for enterprises [24]. The
carbon price and its changes have a major impact on enterprises’ investment decision-
making [25].

First—the effect of the carbon price on a company’s market value because the trading
scheme puts compliance costs on the companies subject to it [2,26]. Carbon prices can
influence companies’ cash flows, as they can incorporate their carbon emission reduction
costs in their sale offers [27]. If companies can pass on any additional costs arising from the
trading scheme to their customers, then carbon prices have almost no effect on companies’
cash flows [28]. The CET scheme will likely lead to additional costs for regulated companies
when they cannot completely pass on the costs to their customers. Such circumstances will
affect the companies’ cash flows and their cost structure and production decision-making
behaviors [3]. Companies need to arrange some part of their cash flows to purchase the
CET permits, or to invest in emissions abatement equipment and measures, reducing their
output [29]. Accordingly, capital market participants expect decreasing profits of regulated
firms due to a rising carbon price for CET permits [1,2].

Second, the CET policy may provide appropriate carbon price signals to industrial
operators who can select a strategy of capital investments in clean technology rather than
operational practices, such as installing abatement equipment to minimize the sum of
abatement costs and permit expenses [24]. When a company’s productivity and compet-
itiveness are relatively high, a rising carbon price in emission permits could encourage
the company to invest in clean technology to meet emissions abatement requirements
by the government [30]. This further results in an increase in the company’s investors’
expectations of future profits, leading to a higher market value for the company.

Finally, price fluctuations may affect investors’ expectations, thereby affecting compa-
nies’ market value. A variation in carbon prices is reflected in companies’ output prices as
well as in their costs [31]. Carbon price fluctuations can alter the preferred input combina-
tion that companies use in their production processes, thereby affecting their profitability
and market value. In addition, according to some studies, a price floor for CET permits
reduces uncertainty over companies’ future profitability and influences the long-term price
signal distribution, while a minimum carbon price creates incentives to invest in new
low-carbon technologies [32,33]. Some studies have suggested that the effect of carbon
price variations on companies’ market value could be asymmetric [34,35].

2.2. Innovative Activities

The CET policy is an environmental instrument that gives individual firms flexibility
how they achieve compliance [36]. This policy is expected to generate dynamic incentives
to increase companies’ innovative activities, mainly in terms of research, development,
and demonstration (RD&D) and the adoption and diffusion of abatement technologies
or low-carbon technologies [37,38]. Some companies with high abatement costs would
purchase permits or conduct innovative activities to meet regulatory requirements. When
regulated companies are not able to pass on the additional costs arising from the CET
policy to their customers, while at the same time the imposed regulatory costs could
even be overcompensated by the buyers, companies could be incentivized to undertake
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innovative activities [2,39]. In this setting, companies are inclined to increase investment in
emission reduction technologies and low-carbon technologies to achieve emission reduction
targets [40]. This increases companies’ fixed assets and technology levels, and enhances the
value of their products, thereby promoting an increase in their market value [41].

Furthermore, improving companies’ emission reduction performance will improve
their image and help adjust the expectations of investors and other stakeholders, which
will further increase the value of their products and the return in the stock market. Con-
sequently, we can draw a research hypothesis that the CET policy could incentivize some
companies to carry out innovative emissions abatement, clean, or low-carbon technolo-
gies, thereby enhancing their market value [42]. However, it is worth noting that the
innovation effect of the CET policy also depends on market participants, networks, in-
stitutions, cumulative learning processes between users and producers, and companies’
technology levels [36,40]. Accordingly, the government should improve the degree of mar-
ketization by improving laws and regulations related to the CET policy and formulating
relevant implementation rules to reduce the impact of institutional uncertainty and institu-
tional transaction costs [43]. Concurrently, the government can subsidize the innovation
activities of companies, particularly costly innovation, which requires promotion from
the government.

2.3. Carbon Disclosure

Carbon disclosure is a tool that describes companies’ carbon-related activities and
information to stakeholders. There are generally two types of theories regarding the
impact of carbon disclosure on the market value of companies: legitimacy theory and
voluntary disclosure theory. According to the legitimacy theory, the cost of environmental
information collection, management, and disclosure may outweigh the benefits. To meet
various stakeholders’ requirements, companies with inferior carbon performance would
make soft and unverifiable qualitative disclosure about their performance to maintain
legitimacy [44,45]. When the legitimacy of a company is threatened, stakeholders may
perceive the company as unsustainable.

Furthermore, information about process inefficiency and environmental initiatives ac-
cessible to competitors may weaken firm competition and financial performance, while mis-
leading information or errors in reports can also increase litigation costs significantly [46,47].
Conversely, the voluntary disclosure theory posits that carbon disclosure is positively asso-
ciated with market value [48]. Under the CET scheme, mandatory carbon reporting [regard-
ing corporate social responsibility (CSR)] helps companies communicate their carbon emis-
sions information and increase information transparency [10]. The improved transparency
of high-quality disclosure reduces the information gap to stakeholders, thereby resulting in
financial consequences through lower risk [49]. Consequently, carbon disclosure can help
stakeholders, such as shareholders and creditors, to make better investment decisions.

Finally, carbon disclosure can also help stakeholders, such as regulatory agencies,
institutional investors, and the public, to better monitor and regulate a company’s carbon
emissions [42,50]. A company’s high-quality carbon disclosure often leads to high carbon
performance, thus affecting its market value. Therefore, we can hypothesize that the
relationship between the CET policy and companies’ market value by enhancing carbon
disclosure seems to be mixed and inconsistent.

3. Data, Variables, and the Empirical Model
3.1. Data Source

The research sample is obtained from the Chinese Stock “A” markets (Shanghai Stock
Exchange and Shenzhen Stock Exchange). The sample period ranges from 2000 to 2019.
Data to measure companies’ market value (denoted by “MV”) and control variables are
obtained from the WIND system and the China Stock Market & Accounting Research
(CSMAR) system. We consider 2013 the start date of China’s CET policy, as Liu et al. (2015)
did [51]. We take Beijing, Shanghai, Tianjin, Chongqing, Hubei Province, Guangdong
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Province, and Shenzhen as trading pilots. The carbon price data are obtained by initially
crawling the daily transaction price data of the carbon market from the exchange websites
of each pilot region and then taking the annual average value. The patent and green
patent data of listed companies used to measure their innovative activities come from
the Chinese Research Data Service (CNRDS) platform, containing multiple sub-databases.
The ones used in this study are the China Innovation Research Database (CIRD) and the
Green Patent Research Database (GPRD). We derive the patent data of the listed companies
from the CIRD. The green patent data of listed companies conform to the GPRD. We use
the evaluation data of listed companies’ social responsibility reports by Hexun index to
represent companies’ carbon disclosure [52]. Finally, we eliminate the sample data of listed
companies in the financial industry, as their businesses do not involve substantial carbon
emissions [42,53]. Listed companies marked with ST, *ST, or PT are deleted from the sample.
Additionally, we exclude the sample data of listed companies whose asset-liability ratio
is greater than one and eliminate incomplete or omitted sample data, such as company
registration location [47]. Ultimately, the final sample consists of 3283 firms.

3.2. Variables

This study uses a series of financial variables, such as financial leverage, return, and
profitability, as control variables, owing to their potential impact on companies’ market
value. Simultaneously, characteristic variables of individual companies, such as age, size,
and management shareholding ratio, are used to control their impact on companies’ market
value. Variables and data descriptions are shown in Table 2.

(1) SIZE. Large-scale companies have greater resource allocation capabilities and are
more capable of conducting innovative activities, enhancing their market value [14].

(2) BM. The book-to-market ratio is calculated by the total assets divided by the market
value, denoted by BM [54].

(3) ROE. The firm’s equity return is measured by the net profit divided by total assets,
denoted by ROE [55].

(4) DAR. Financial leverage is a symbol of financial risk in firms and affects the decision-
making of important stakeholders [56]. Accordingly, companies with high financial
leverage face greater financial pressures and higher risks, and they are prone to losing
investment opportunities, which could reduce their market value. Financial leverage
is measured by liabilities divided by total assets and is denoted by DAR in our study.

(5) fix. Fixed assets are the core assets of companies that can resist market risks; thus,
their proportion in total assets affects companies’ market value. In this study, we
control for the ratio of fixed assets, which is measured by companies’ fixed assets to
their total assets and is denoted as “fix”.

(6) ROA. Return on assets (ROA) reflects the profitability of companies’ total assets. ROA
identifies how a company’s market value is influenced by improving its operational
efficiency [57]. We measure ROA using net income before preferred dividends divided
by total assets.

(7) MSR. Corporate governance factors affect a company’s merger and acquisition (M&A)
decisions. The proportion of management holdings positively correlates with the
probability of M&A. A company with a higher management shareholding ratio has a
stronger motivation for external mergers, affecting the company’s investment and mar-
ket value [58,59]. It is measured by the number of shares owned by the management
divided by the total number of shares (denoted as “MSR”).

(8) lnage. Older companies have greater motivation and capacity to participate in more
carbon emissions abatement activities as they have adequate resources at a relatively
lower cost [12,14,60]. Hence, we use the natural logarithm of company age to measure
enterprise maturity, denoted by lnage.

(9) cash and subsidy. Finally, we control companies’ operating cash flow (cash) and
subsidies obtained from the government (subsidy).
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Table 2. Variables and data descriptions.

Variables Definition Variable
Notation Unit Description or Calculation Method

Explained
variable Companies’ market value MV million

yuan Data were obtained from the database of listed companies.

Explanatory
variable

The pilot of the CET
policy did none

If the city in which company i is located has already launched
the pilot CET policy in year t, we define didirt as 1; otherwise,

we define it as 0.

Control
variable

Companies’ scale SIZE yuan
It is measured by the following formula: SIZE = ln (total

assets/10,000/invest-index2000 + 1), where invest-index2000
is the price index of fixed asset investment (last year = 100).

The book-to-market ratio BM none It is calculated by the total assets divided by the market value.
The return on a firm’s

equity ROE none It is measured by the net profit divided by total assets.

Financial leverage DAR none It is measured by liabilities divided by total assets.
The ratio of companies’

fixed assets fix none It is measured by the ratio of companies’ fixed assets to their
total assets.

Return on assets ROA none It is measured by using net income before preferred dividends
divided by total assets.

Management’s
shareholding ratio MSR none It is measured by the number of shares owned by the

management divided by the total number of shares.
Companies’ age lnage year It is measured by the natural logarithm of company age.

Companies’ operating
cash flow cash none Data were obtained from the database of listed companies.

Companies’ subsidies
obtained from the

government
subsidy yuan Data were obtained from the database of listed companies.

3.3. Descriptive Statistics

Figure 1 shows the market value of listed companies for the pilot and non-pilot ETS
regions. As shown in Figure 1, the market value of listed companies between pilot and
non-pilot regions has been presented since 2011, while the trend is parallel before 2011.
Although the pilot of the CET policy was only completed in 2013–2014, the Chinese NDRC
proposed this policy officially at the end of 2011. Companies in the pilot regions would have
behaved rationally and adopted forward-looking decision-making processes to reduce their
emissions costs or taking innovative activities such as investing in abatement technologies [61].
Accordingly, the companies’ market value difference between the pilot and non-pilot regions
shows no significant change after 2013. Nevertheless, these results demonstrate that the
parallel trend hypothesis of the DID model can be roughly confirmed graphically.

Figure 1. The market value of listed companies for pilot and non-pilot regions of ETS.
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Table 3 presents the descriptive statistics of the dependent variable (MV) and control
variables for the treatment and control groups. The results indicate that the average market
value of companies in the treatment group is significantly higher than that in the control
group. However, the differences in control variables, such as SIZE, BM, ROE, DAR, fix, ROA,
MSR, lnage, cash, and subsidy, between the treatment and control group are not significant.

Table 3. Summary descriptive statistics of the main variables.

Variables Mean Standard
Deviation Min Max N

Panel A: The sample of treatment group
MV 24,100 111,000 190 2,990,000 13,200
SIZE 12.5058 1.3636 10.0515 16.3809 13,500
BM 0.6359 0.2357 0.1376 1.1170 13,200

ROE 0.0736 0.1303 −0.7657 0.3796 13,500
DAR 0.4286 0.2056 0.0525 0.8822 13,500

fix 0.2036 0.1699 0.0025 0.7188 13,500
ROA 0.0416 0.0539 −0.1980 0.1947 13,500
MSR 0.1265 0.2054 0.0000 0.6860 13,100
lnage 2.6879 0.4739 1.0986 3.4965 13,500
cash 0.0463 0.0737 −0.1630 0.2552 13,500

subsidy 17,300 140,000 0 1,400,000 13,500
Panel B: The sample of control group

MV 10,900 26,400 243 1,530,000 21,000
SIZE 12.2870 1.1724 10.0515 16.3809 21,600
BM 0.6512 0.2326 0.1376 1.1170 21,000

ROE 0.0651 0.1427 −0.7657 0.3796 21,600
DAR 0.4372 0.2015 0.0525 0.8822 21,600

fix 0.2573 0.1666 0.0025 0.7188 21,600
ROA 0.0393 0.0558 −0.1980 0.1947 21,600
MSR 0.1047 0.1848 0.0000 0.6860 21,000
lnage 2.5909 0.4834 1.0986 3.4965 21,600
cash 0.0503 0.0712 −0.1630 0.2552 21,600

subsidy 17,500 142,000 0 1,400,000 21,600

3.4. Empirical Model

An effective method to explore the net effect of a policy using the DID model is by
comparing treatment and control groups before and after implementing the policy. In
this study, the following DID model is constructed to analyze the heterogeneous effect of
the market value of listed companies in pilot regions (i.e., treatment group) and non-pilot
regions (i.e., control group) before and after the implementation of the CET policy:

Ln(MV)it = β0 + β1treati × timet + β2 × Xit + µi + γt + εit (1)

where i, r, and t denote the listed companies, city, and time, respectively. Ln(MV)it is the
natural logarithm of market value of the company i at period t. treati is equal to 1 if a
company is located in one of the seven pilot provinces and cities; otherwise, it is 0. timet
equals one for every year after 2013; otherwise, it equals 0. Xit represents all the control
variables, including SIZE, BM, ROE, DAR, fix, ROA, MSR, lnage, cash, and subsidy. β0
is the constant term and β1 is the core explanatory variable that indicates the net causal
impact of the CET policy on companies’ market value. β2 represents the coefficients of all
control variables. µi denotes the fixed effects of listed companies, γt is the time fixed effect,
and εit is the standard error term.

4. Empirical Results
4.1. Benchmark Regression Results

Table 4 shows the benchmark regression results of the effect of the pilot CET policy
on companies’ market value according to the empirical model shown in Equation (1).
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Column (1) shows the estimation results without controlling for any variable and by con-
trolling for the fixed effects of the firm, while column (2) displays the outcomes without
controlling for any variables, while the fixed effects of the firm and year are controlled.
Column (3) presents the results with all control variables, and the fixed effects of firm and
year are controlled. Column (4) outlines the results by controlling for the fixed effects of
firm and industry. Column (5) displays the results by controlling for the fixed effects of the
firm, year, and industry [14]. The coefficient of the core explanatory variable is significantly
positive after adding control variables and fixing various effects, indicating that the result
is relatively robust.

The benchmark regression results show that the market value of listed companies
in the pilot regions is significantly higher than that of listed companies in the non-pilot
regions. The market-oriented trading mechanism provides the price signals of carbon
emissions permits to encourage companies to increase their investment in innovative
activities and conform to the carbon emissions abatement requirements, thereby improving
companies’ market value. Additionally, the free allocation of carbon emissions permits
could be accounted for by higher cash flows, which would also increase the market value of
companies. These findings are in accordance with those of previous studies, such as those
of Oberndorfer (2009), Veith et al. (2009), Oestreich and Tsiakas (2015), and Bui et al. (2019),
who stated that the ETS scheme is positively related to companies’ market value [1,2,5,6].

Table 4. The regression results of the effect of the pilot CET policy on companies’ market value.

Variables (1) (2) (3) (4) (5)

Ln (MV) Ln (MV) Ln (MV) Ln (MV) Ln (MV)

did 1.263 *** 0.067 ** 0.016 ** 0.046 *** 0.017 **
(0.023) (0.031) (0.008) (0.008) (0.008)

SIZE 0.984 *** 0.988 *** 0.983 ***
(0.006) (0.005) (0.006)

BM −1.832 *** −1.767 *** −1.832 ***
(0.012) (0.010) (0.013)

ROE 0.026 −0.010 0.023
(0.020) (0.021) (0.020)

DAR 0.048 *** 0.021 0.051 ***
(0.015) (0.015) (0.015)

fix 0.034 ** −0.021 0.032 **
(0.014) (0.016) (0.014)

ROA 0.054 0.152 ** 0.061
(0.068) (0.072) (0.068)

MSR −0.016 −0.001 −0.013
(0.015) (0.017) (0.015)

lnage 0.000 0.326 *** 0.009
(0.018) (0.007) (0.018)

cash 0.006 0.019 0.007
(0.017) (0.018) (0.017)

subsidy 0.000 0.000 0.000
(0.000) (0.000) (0.000)

_cons 22.147 *** 22.400 *** 11.366 *** 10.432 *** 11.355 ***
(0.005) (0.007) (0.077) (0.050) (0.075)

R2 0.649 0.867 0.990 0.989 0.990
Observations 34,097 34,097 32,980 32,980 32,980

Firm FE Yes Yes Yes Yes Yes
Year FE No Yes Yes No Yes
Ind FE No No No Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. ** and *** indicate statistical
significance at the 5% and 1% levels, respectively.



Atmosphere 2022, 13, 240 10 of 25

4.2. Robustness Test
4.2.1. Parallel Trend Test and Dynamic Effect

To ensure the effectiveness of the DID model, it is essential to prove that the common
trend assumption is satisfied between the treatment and control groups. To test whether the
parallel hypothesis was satisfied, we replace the dummy variable in Equation (1) with one
corresponding to several years before and after implementing the CET policy [12,61,62].
The regression model is estimated as follows:

Ln(MV)it = β0 +
6

∑
k=−13

βk(treati × timet)
k + β2 × Xit + µi + δr + γt + εit (2)

where (treati × timet)
k is 1 when in the k-th year before the implementation of the pilot

CET policy (k < 0) or in the k-th year after the implementation of the pilot CET policy
(k > 0) for treatment groups, and 0 otherwise. Since the number of periods before 2013
is very large in our sample, the effects of the 9 to 13 years before 2013 are combined in a
single group. If the coefficients of didk

irt are insignificant before 2013 and significant after
2013, then the parallel trend hypothesis is satisfied. Figure 2 shows the test results of the
parallel trend hypothesis and the dynamic trend of the pilot CET policy and companies’
market value. The results indicate no significant difference between the treatment and
control groups before the policy is implemented, while it implies a significant increase in
companies’ market value after implementing the pilot CET policy. The results confirm the
parallel trend hypothesis.

Figure 2. The test of parallel trend hypothesis and the dynamic trend of the pilot CET policy and
companies’ market value.

4.2.2. Placebo Test

We further perform a placebo test to exclude the effect of the pilot CET policy on
a firm’s market value from the interference of other non-observable omitted variables.
This involved random selection of certain regions as virtual “pilot regions” to enable the
comparison of the differences of the effects between the real treatment group and the
randomly generated group [61]. More specifically, if there are n firms in 2013 located
in the area where the pilot CET policy is launched, keeping the time of the pilot CET
policy constant, we randomly select n sample firms from the entire sample of firms as the
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treatment group to conduct a counterfactual test. We repeat 500 estimates based on the
benchmark regression results in column (3) of Table 4. Figure 3 illustrates the probability
density distribution of the regression coefficients for the placebo test. Based on random
samples, the estimated coefficients are distributed centrally around 0, while the benchmark
regression result (0.016) falls almost outside the possible range estimated from the virtual
pilot regions shown in Figure 3. Hence, the results indicate that the pilot CET policy has no
policy effect when randomly set up. Therefore, the placebo test reveals that the benchmark
regression results of the DID method are reliable.

Figure 3. Results of the distribution of the DID estimator for the placebo test.

4.2.3. Other Robustness Tests

Next, we conduct a series of robustness tests to enhance the reliability of the
benchmark results.

(1) Time-lag analysis of companies’ market value. To prevent the lag effect of the CET
policy, we further examine the effect of the CET policy on companies’ market value
with a lag of one year [14]. As is shown in column (1) of Table 5, the results indicate
that the coefficient of “did” is also significant, implying that the CET policy has a
significant lagging effect on promoting companies’ market value.

(2) Policy shocks under changes at the pilot time point. After the CET mechanism is
implemented, a certain process and cycle will be required to affect the companies’
market value [14]. Hence, we move the treatment year to 2014 (the variable did is
changed to did1) to conduct a robustness check. We find the regression results to be
similar to our benchmark results, as reported in column (3) of Table 4, indicating
robust benchmark results.

(3) Changes in the sample period. As the sample period before implementing the pilot
policy is too long, we restrict the sample period from 2009 to 2019 and perform a DID
regression for robustness checks [14]. Column (3) of Table 5 displays the regression
outcomes, suggesting that the estimated conclusions are still robust.



Atmosphere 2022, 13, 240 12 of 25

Table 5. Regression results of the other robustness check.

Variables (1) (2) (3)

L. Ln (MV) Ln (MV) Ln (MV)

did 0.020 * 0.036 ***
(0.011) (0.007)

SIZE 0.850 *** 0.984 *** 0.966 ***
(0.008) (0.006) (0.007)

BM −1.078 *** −1.832 *** −1.857 ***
(0.019) (0.012) (0.013)

ROE −0.151 *** 0.025 0.023
(0.035) (0.020) (0.026)

DAR −0.159 *** 0.047 *** 0.059 ***
(0.023) (0.015) (0.016)

fix 0.165 *** 0.034 ** 0.039 **
(0.027) (0.014) (0.018)

ROA −0.557 *** 0.056 0.097
(0.109) (0.068) (0.080)

MSR −0.273 *** −0.015 −0.004
(0.035) (0.015) (0.016)

lnage 0.107 *** 0.001 0.032
(0.026) (0.018) (0.039)

cash 0.210 *** 0.007 0.021
(0.033) (0.017) (0.020)

subsidy 0.000 0.000 0.000
(0.000) (0.000) (0.000)

did1 0.021 ***
(0.008)

_cons 12.262 *** 11.363 *** 11.581 ***
(0.114) (0.077) (0.123)

R2 0.958 0.990 0.990
Observations 28,962 32,980 24,420

Firm FE Yes Yes Yes
Year FE Yes Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Column (1) shows the regression results for time-lag
analysis of companies’ market value. Column (2) shows the regression results by moving the treatment year to
2014. Column (3) shows the regression results by restricting the sample period from 2009 to 2019.

5. Mechanism Analysis
5.1. Carbon Price

Implementing the CET policy has created a carbon trading market in which a carbon
price is formed when the supply and demand of permits are balanced. As a signal of the
carbon emission reduction cost, the carbon price may positively or negatively impact the
market value of companies. Therefore, we empirically analyze the mechanism by which
the CET policy affects companies’ market value from the perspective of carbon prices. The
empirical model used in the mechanism analysis is as follows:

m_priceit = β0 + β1treati × timet + β2 × Xit + µi + γt + εit (3)

Ln(MV)it = β0 + β1treati × timet + β2 × Xit + δ × m_priceit + µi + γt + εit (4)

where m_price is obtained by aggregating daily carbon prices to yearly averages for
pilot regions, and the data are collected from China Carbon Information Technology
Research Institute.

The regression results of the mediation mechanism analysis are presented in Table 6.
The regression results in columns (1) and (2) of Table 6 indicate that the carbon price
has a negative mediation effect in the CET policy process, affecting the market value of
listed companies. This is mainly because the CET policy will likely lead to additional
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compliance costs for regulated companies. To achieve carbon mitigation targets, regulated
companies must arrange some part of their cash flows to purchase the CET permits or
invest in emission abatement equipment and measures, reducing companies’ output. This
does not only affect companies’ cash flows but also their cost structure and decision-making
behaviors of production and R&D investment. A rising carbon price for CET permits lowers
investors’ expectations of profits, which results in a decrease in companies’ market value.
These results are consistent with those of previous studies, such as those of Oberndorfer
(2009), Veith et al. (2009), Keppler and Cruciani (2010), Mo et al. (2012), and Chan et al.
(2013), who found that carbon price variations are negatively correlated with companies’
stock market value, returns, or revenue [1,2,35,63,64].

Table 6. Regression results of mediation mechanism analysis based on carbon price.

Variables (1) (2) (3) (4)

m_price Ln (MV) Ln (MV) Ln (MV)

did 20.262 *** 0.030 *** −0.000 0.031 ***
(0.784) (0.009) (0.016) (0.010)

SIZE 0.175 0.984 *** 0.982 *** 0.984 ***
(0.224) (0.006) (0.011) (0.006)

BM 1.215 ** −1.831 *** −1.709 *** −1.854 ***
(0.606) (0.012) (0.023) (0.014)

ROE −0.713 0.025 −0.013 0.041 *
(0.731) (0.020) (0.029) (0.025)

DAR −2.246 *** 0.046 *** 0.056 0.035 **
(0.789) (0.015) (0.038) (0.016)

fix −0.206 0.033 ** 0.032 0.029
(0.827) (0.014) (0.021) (0.018)

ROA −0.217 0.054 0.169 0.018
(2.493) (0.068) (0.123) (0.079)

MSR 2.872 ** −0.014 0.020 −0.020
(1.357) (0.015) (0.025) (0.017)

lnage 6.727 *** 0.005 −0.005 0.007
(0.957) (0.018) (0.032) (0.021)

cash −1.126 0.005 −0.041 0.021
(0.796) (0.017) (0.031) (0.020)

subsidy −0.000 0.000 −0.000 0.000
(0.000) (0.000) (0.000) (0.000)

m_price −0.001 *** 0.001 −0.001 ***
(0.000) (0.001) (0.000)

_cons −20.026 *** 11.352 *** 11.309 *** 11.376 ***
(3.360) (0.077) (0.177) (0.086)

R2 0.778 0.990 0.995 0.989
Observations 32,980 32,980 6012 26,938

Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Columns (1) and (2) show the results of the mediation
mechanism analysis based on the carbon price. Column (3) shows the regression results for the high-carbon
industries. Column (4) shows the regression results for the low-carbon industries.

Companies in regulated high-carbon industries are more affected by CET policies
than those in low-carbon industries. To this end, we compare the impact of the CET policy
on the market value of companies in high-carbon and low-carbon industries. We regard
the eight industries, including the petrochemical sector (C25), chemical industry (C26),
construction materials (C30), steel (C31), non-ferrous metals (C32), papermaking (C22),
electricity (D44, D45), and aviation (G56) as high-carbon industries; the rest are regarded as
low-carbon industries according to Chen et al. (2021) [14]. Columns (3) and (4) of Table 6
show the regression results for the high-carbon and low-carbon industries, respectively.
It can be observed that the coefficient of “did” for high-carbon industries is negative



Atmosphere 2022, 13, 240 14 of 25

and insignificant, while that for low-carbon industries is significantly positive. This is
because companies in high-carbon industries face stronger carbon constraints and bear
more compliance costs under the CET policy, compared with the low-carbon industries.
Accordingly, the CET policy has a negative impact on the market value of companies in
high-carbon industries, while it has a positive effect on the market value of companies in
low-carbon industries. These results are in accordance with those of previous studies, such
as those of Veith et al. (2009), da Silva et al. (2016), and Wen et al. (2020), which revealed
that the effect of carbon price change on the stock market returns in the power industry
was asymmetric [2,9,27].

5.2. Innovative Activities

Implementing the CET policy has brought flexible arrangements to achieve carbon
emission reductions for relevant listed companies. Companies can maintain their carbon
emissions within the designated limits by installing abatement equipment or purchasing
carbon permits. However, the cost of such emission reduction will increase with the increase
in the carbon price and the reduction of carbon permits, which will reduce companies’
profits [65,66]. In this regard, if the cost of investing in cleaner technology is relatively
low for some competitive companies, these will choose to invest in innovative activities to
minimize carbon emission reduction costs [67]. Implementing the CET policy is conducive
to incentivizing companies to increase their innovative activities in cleaner technologies or
low-carbon technologies, thereby enhancing companies’ market value. Thus, we should
investigate the influential mechanism by which innovation affects the CET policy’s effect
on companies’ market value. The empirical model used in the mechanism analysis is as
follows:

innovationit = β0 + β1treati × timet + β2 × Xit + µi + γt + εit (5)

Ln(MV)it = β0 + β1treati × timet + β2 × Xit + innovationit + µi + γt + εit (6)

where the mediation variable innovation represents the number of green patent applications
(denoted as innovation1) and green patents granted (denoted as innovation2). It is used to
measure the innovative activities of companies.

The regression results are shown in Table 7. The results indicate that ETS has sig-
nificantly promoted green innovation, and the improvement of green innovation can
significantly increase companies’ market value. The CET policy could enhance the market
value of listed companies by promoting green innovation. These results are in line with
those of previous studies, such as those of Weber and Neuhoff (2010), Brauneis et al. (2013),
and Gersbach and Riekhof (2021), who found that the carbon price signal creates incentives
to invest in cleaner, low-carbon, or green technologies under the CET policy, thus enhancing
companies’ stock market value or returns [30,32,43].

Table 7. Regression results of mediation mechanism analysis based on technological innovation.

Variables (1) (2) (3) (4)

Innovation1 Ln (MV) Innovation2 Ln (MV)

did 0.182 *** 0.042 *** 0.200 *** 0.043 ***
(0.056) (0.012) (0.057) (0.013)

SIZE 0.148 *** 0.967 *** 0.102 *** 0.962 ***
(0.038) (0.009) (0.038) (0.011)

BM 0.185 *** −1.759 *** 0.238 *** −1.764 ***
(0.069) (0.020) (0.069) (0.022)

ROE 0.191 −0.015 0.161 0.021
(0.140) (0.030) (0.143) (0.031)

DAR −0.006 0.037 −0.014 0.021
(0.126) (0.024) (0.126) (0.027)
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Table 7. Cont.

Variables (1) (2) (3) (4)

Innovation1 Ln (MV) Innovation2 Ln (MV)

fix 0.262 * 0.031 0.137 0.026
(0.143) (0.029) (0.151) (0.030)

ROA −0.295 0.175 ** −0.317 0.029
(0.393) (0.086) (0.385) (0.092)

MSR 0.358 ** 0.018 0.364 *** −0.010
(0.144) (0.024) (0.134) (0.024)

lnage 0.043 0.108 * 0.248 0.114
(0.182) (0.063) (0.207) (0.071)

cash −0.046 0.032 0.014 0.005
(0.138) (0.030) (0.131) (0.031)

subsidy 0.000 0.000 0.000 0.000
(0.000) (0.000) (0.000) (0.000)

innovation1 0.011 ***
(0.004)

innovation2 0.019 ***
(0.006)

_cons −1.829 *** 11.297 *** −1.882 *** 11.369 ***
(0.640) (0.163) (0.652) (0.204)

R2 0.668 0.994 0.693 0.994
Observations 10,583 10,583 9367 9367

Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Columns (1) and (2) show the results of the mediation
mechanism analysis based on green patent applications (innovation1). Columns (3) and (4) show the results of the
mediation mechanism analysis based on green patents granted (innovation2).

5.3. Carbon Disclosure

In recent years, listed companies have been obliged to disclose carbon information
related to their production and operation processes and their products to satisfy the con-
cerns of relevant stakeholders, such as shareholders, consumers, and regulatory authori-
ties [68,69]. According to the legitimacy and voluntary disclosure theories, the relationship
between carbon disclosure and companies’ market value presents two conflicting results.
Specifically, we should empirically identify how carbon disclosure affects companies’ mar-
ket value for Chinese CET policies. The empirical model of mechanism model is as follows:

disclosureit = β0 + β1treati × timet + β2 × Xit + µi + γt + εit (7)

Ln(MV)it = β0 + β1treati × timet + β2 × Xit + disclosureit + µi + γt + εit (8)

where disclosure represents the degree of companies’ carbon disclosure. We used the eval-
uation data of listed companies’ social responsibility reports by Hexun index to represent
the degree of companies’ carbon disclosure.

The regression results are shown in Table 8. The results indicate that carbon disclo-
sure plays a negative role in the mechanism by which the CET policy affects companies’
market value. According to the legitimacy theory, there is an invisible contract between
companies and society, which makes listed companies increase carbon disclosure to meet
investors’ expectations, thereby maintaining legitimacy. However, the cost of environmen-
tal information collection and disclosure is likely to be greater than the benefits obtained by
enterprises, especially when enterprises increase costs and improve carbon performance
to meet relevant stakeholders’ needs. Obviously, a large increase in enterprise costs will
reduce companies’ market value. These results are consistent with those of previous studies,
such as those of Aragon-Correa et al. (2016) and Liu and Zhang (2017), who stated that
carbon disclosure enhances cost legitimation and reduces companies’ market value [44,45].
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Columns (3) and (4) of Table 8 show the regression results after dividing the sample into
high-carbon and low-carbon industries. The results indicate that carbon disclosure has a
significantly negative correlation with companies’ market value for low-carbon industries,
while the reduction effect in the market value of high-carbon industries is insignificant.

Table 8. Regression results of mediation mechanism analysis based on carbon disclosure.

Variables (1) (2) (3) (4)

Disclosco Ln (MV) Ln (MV) Ln (MV)

did −0.610 0.035 ***
(0.538) (0.006)

SIZE 4.565 *** 0.969 *** 0.969 *** 0.966 ***
(0.325) (0.007) (0.016) (0.008)

BM −3.890 *** −1.856 *** −1.733 *** −1.881 ***
(0.850) (0.013) (0.024) (0.014)

ROE 13.037 *** 0.038 * 0.014 0.050 *
(1.561) (0.023) (0.044) (0.027)

DAR −4.582 *** 0.056 *** 0.079 * 0.057 ***
(1.109) (0.017) (0.044) (0.019)

fix −2.765 * 0.035 * 0.049 0.022
(1.427) (0.020) (0.034) (0.025)

ROA 60.686 *** 0.063 0.092 0.056
(4.316) (0.074) (0.136) (0.087)

MSR −5.583 *** −0.005 0.015 −0.018
(1.356) (0.016) (0.027) (0.018)

lnage −2.674 0.018 −0.020 0.013
(2.440) (0.036) (0.053) (0.041)

cash 1.376 0.032 −0.036 0.047 **
(1.430) (0.021) (0.032) (0.024)

subsidy −0.000 0.000 −0.000 0.000
(0.000) (0.000) (0.000) (0.000)

disclosco −0.000 *** −0.000 −0.000 ***
(0.000) (0.000) (0.000)

_cons −22.327 *** 11.598 *** 11.621 *** 11.680 ***
(7.177) (0.117) (0.224) (0.134)

R2 0.619 0.990 0.995 0.989
Observations 23,172 23,172 3862 19,269

Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Columns (1) and (2) show the results of the mediation
mechanism analysis based on carbon disclosure. Column (3) shows the regression results for the high-carbon
industries. Column (4) shows the regression results for the low-carbon industries.

6. Heterogeneity Analysis
6.1. The Impact of Firm Ownership

It is generally believed that non-state-owned firms are more flexible in their production,
operation, and investment decisions than state-owned firms [70]. Therefore, non-state-
owned firms are likely to enhance their market value by implementing a CET policy [14,71].
To this end, we conduct a heterogeneity analysis of the impact of firm ownership on the
relationship between CET policy and companies’ market value. The regression results are
listed in Table 9. The results show that the implementation of the CET policy has a positive
and significant impact on the market value of non-state-owned enterprises, while it has an
insignificant positive impact on the market value of state-owned enterprises. This is because
companies face greater pressure on emission reduction costs, incentivizing them to invest
in more advanced cleaner technologies or low-carbon technologies. Non-state-owned
companies that are encouraged to invest in clean technologies often convey information to
investors that they are more productive and competitive, increasing investors’ expectations
of the company’s future profits, leading to an increase in their market value. By contrast,
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state-owned enterprises enjoy more government subsidies, financial support, and more
free carbon permits, making them lose their motivation to innovate. Thus, the effect of the
CET policy on the market value of state-owned enterprises is insignificant.

Table 9. Heterogeneous analysis of the impact of firm ownership.

Variables (1) (2)

Ln (MV) Ln (MV)

did 0.018 0.018 **
(0.012) (0.009)

SIZE 0.993 *** 0.981 ***
(0.008) (0.008)

BM −1.729 *** −1.929 ***
(0.021) (0.015)

DAR 0.034 * 0.037 *
(0.020) (0.020)

fix 0.031 ** 0.020
(0.016) (0.025)

MSR −0.196 −0.025
(0.123) (0.016)

lnage 0.021 −0.022
(0.026) (0.023)

cash 0.015 0.043 *
(0.027) (0.025)

subsidy −0.000 0.000
(0.000) (0.000)

_cons 11.105 *** 11.560 ***
(0.099) (0.117)

R2 0.993 0.987
Observations 15,148 17,464

Firm FE Yes Yes
Year FE Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Column (1) shows the regression results for SOCs.
Column (2) shows the regression results for non-state-owned firms.

6.2. Heterogeneity Analysis of Different Regions

Chinese provinces are categorized into three regions according to their locations and
economic development: eastern, central, and western. The eastern region includes the
provinces of Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guang-
dong, and Hainan. The central region encompasses the provinces of Jilin, Heilongjiang,
Shanxi, Henan, Anhui, Hubei, Jiangxi, and Hunan. The western region includes the re-
maining provinces. Therefore, we conduct a heterogeneity analysis of different regions
by dividing the entire sample into eastern, central, and western regions according to the
companies’ locations. The results are presented in Table 10. The results indicate that the
implementation of the CET policy has the most significant effect on enhancing the market
value of companies in the eastern and central regions of China, while this effect is not
significant in the western region of China. This may be because the economic development,
technological level, and marketization degree of the eastern and central regions are higher
than those of the western region. Thus, companies in the eastern and central regions are
more inclined to conduct innovative activities to achieve carbon emission reduction targets
than those in the western region, enhancing their market value. Conversely, companies
in the western region are more dependent on natural resources and produce more carbon
emissions, thus the impact of the CET policy on companies’ market value is negative.
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Table 10. Heterogeneous analysis of the different regions.

Variables (1) (2) (3)

Ln (MV) Ln (MV) Ln (MV)

did 0.026 *** 0.057 *** 0.004
(0.009) (0.019) (0.022)

SIZE 0.991 *** 0.965 *** 0.981 ***
(0.007) (0.013) (0.011)

BM −1.831 *** −1.814 *** −1.842 ***
(0.016) (0.024) (0.026)

ROE 0.058 ** −0.030 0.024
(0.029) (0.029) (0.040)

DAR 0.035 ** 0.027 0.081 **
(0.017) (0.035) (0.041)

fix 0.021 0.006 0.049
(0.016) (0.035) (0.033)

ROA −0.049 0.207 * 0.062
(0.091) (0.111) (0.151)

MSR −0.013 −0.092 ** −0.011
(0.017) (0.044) (0.054)

lnage 0.002 0.017 −0.078 ***
(0.026) (0.029) (0.029)

cash 0.034 −0.051 −0.073 *
(0.021) (0.038) (0.044)

subsidy 0.000 0.000 −0.000
(0.000) (0.000) (0.000)

_cons 11.274 *** 11.584 *** 11.599 ***
(0.100) (0.170) (0.172)

R2 0.990 0.989 0.992
Observations 22,672 5240 5057

Firm FE Yes Yes Yes
Year FE Yes Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Column (1) shows the regression results for the eastern
region. Column (2) shows the regression results for the central region. Column (3) shows the regression results for
the western region.

6.3. The Impact of Different Industries

Companies in the manufacturing industries are mainly regulated by the CET policy,
which makes it necessary to invest a large number of funds to purchase carbon permits or
install emissions abatement equipment. This could squeeze out companies’ original pro-
duction investments, reducing their market value. Accordingly, we identify the impact of
the CET policy on the market value of companies in manufacturing and non-manufacturing
industries by using the difference-in-difference-in-difference (DDD) model. We multiply did
by industry to obtain the dummy variable ddd of the DDD model for the manufacturing and
non-manufacturing industries. The dummy variable industry is 1 if the company belongs to
high-carbon industries (including the eight industries, C25, C26, C30, C31, C32, C22, D44,
D45, and G56), and 0 otherwise. The regression results are listed in Table 11. The results
indicate that the estimated coefficients of both the manufacturing and non-manufacturing
companies are significantly negative, and the suppression effect of the manufacturing
companies is greater than that of the non-manufacturing companies; the CET policy has
a significantly negative impact on companies’ market value for high-carbon industries.
China’s ETS pilot policy mainly involves manufacturing and supply industries, including
transportation. Manufacturing companies face greater carbon constraints, and the imple-
mentation of the CET policy brings about a great cost effect for them, thereby reducing
their market value even more.
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Table 11. Heterogeneous analysis of the different industries.

Variables
(1) (2)

Ln (MV) Ln (MV)

ddd −0.041 *** −0.038 ***
(0.006) (0.010)

SIZE 0.992 *** 0.994 ***
(0.001) (0.001)

BM −1.806 *** −1.825 ***
(0.006) (0.009)

ROE 0.000 0.001
(0.000) (0.001)

DAR 0.004 0.035 ***
(0.006) (0.008)

fix 0.061 *** 0.052 ***
(0.007) (0.008)

ROA 0.131 *** 0.096 ***
(0.014) (0.021)

MSR −0.109 *** −0.133 ***
(0.006) (0.010)

lnage 0.012 *** 0.009 **
(0.003) (0.004)

cash −0.031 ** 0.002
(0.013) (0.018)

subsidy 0.000 0.000
(0.000) (0.000)

_cons 11.244 *** 11.228 ***
(0.015) (0.019)

R2 0.982 0.987
Observations 21,265 11,812

Firm FE Yes Yes
Year FE Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. **, *** indicate statistical significance
at the 5% and 1% levels, respectively. Column (1) shows the regression results for manufacturing companies.
Column (2) shows the regression results for non-manufacturing companies.

6.4. Heterogeneity Analysis of the Marketization Degree

The enhancement of companies’ market value by the market-oriented mechanism is
affected by the perfection of the market system. When market transaction costs, market
power, and information asymmetry exist, the role of market-oriented mechanisms is weak-
ened [72]. Accordingly, we evaluate the heterogeneity analysis of the marketization degree
using the DDD model. We use data from the “Marketization Index for China’s Provinces of
Gang Fan for 2000–2017” to measure the degree of marketization in a certain region [73].
We divide the sample into two groups depending on whether the marketization index score
in the region where the company is located is higher or lower than the median of all regions,
then conduct a heterogeneity analysis. The regression results are listed in Table 12. These
results indicate that the CET policy significantly affects companies’ market value when the
marketization degree is high. Conversely, the CET policy has a negative and insignificant
impact on companies’ market value when the marketization degree is low. These findings
are in line with those of Jaraitė–Kažukauskė and Kazukauskas (2015), Hu et al. (2020),
and Ren et al. (2020) [74–76]. Companies in a region with a high degree of marketization
demonstrate increased flexibility in response to market changes and the ability to profit
from the carbon emission trading market. When the market system is not perfect, it affects
the price of carbon emissions trading and the company’s costs, benefits, and expectations.
Hence, the degree of marketization influences companies’ investment decisions on carbon
emission reduction and innovative activities, and in turn, their market value.
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Table 12. Heterogeneous analysis of marketization degree.

Variables
(1) (2)

Ln (MV) Ln (MV)

did 0.031 ** −0.005
(0.015) (0.013)

SIZE 1.006 *** 0.982 ***
(0.013) (0.009)

BM −1.807 *** −1.816 ***
(0.029) (0.020)

ROE 0.069 0.025
(0.052) (0.029)

DAR 0.022 0.010
(0.031) (0.025)

fix 0.032 0.020
(0.037) (0.025)

ROA −0.068 −0.020
(0.150) (0.118)

MSR −0.007 −0.009
(0.028) (0.053)

lnage −0.038 −0.048 *
(0.058) (0.027)

cash 0.061 −0.034
(0.042) (0.029)

subsidy −0.000 0.000
(0.000) (0.000)

_cons 11.234 *** 11.469 ***
(0.199) (0.152)

R2 0.991 0.992
Observations 8044 7983

Firm FE Yes Yes
Year FE Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Column (1) shows the regression results for companies
with a high degree of marketization. Column (2) shows the regression results for companies with a low degree of
marketization.

6.5. Heterogeneity Analysis of Financial Constraints

Under the carbon emission reduction pressure, companies have had to install carbon
abatement equipment or upgrade their production progress by investing in low-carbon
technologies, which undoubtedly aggravates their financial constraints [77]. Companies
suffering from tight financial constraints cannot obtain sufficient financial resources to
respond flexibly to the requirements of the CET policy. At the same time, this also affects
the carbon emission reduction, production, and innovative activities of companies, thereby
affecting their market value. We use the size-age (SA) index to measure the financing
constraints of companies and divide the sample into two groups according to whether
the SA index is higher than or lower than the median value for heterogeneity analysis.
Companies with an SA index greater than the median value face loose financial constraints,
while those with an SA index less than the median value face tight financial constraints. The
SA index is calculated according to the formula: SA = 0.043 × size × size − 0.737 × size
− 0.04 × age, where size is the logarithm of companies’ total assets [74]. The regression
results are listed in Table 13. The results indicate that the CET policy has a significantly
positive impact on the market value of companies with an SA index greater than the median.
Conversely, the CET policy has no significant effect on the market value of companies with
an SA index less than the median. Companies with loose financial constraints have more
flexibility and better financial resources, they can optimize their decisions and strategies to
enhance their market value in the CET market.
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Table 13. Heterogeneous analysis of financial constraints.

Variables (1) (2)

Ln (MV) Ln (MV)

did 0.038 *** 0.007
(0.011) (0.012)

SIZE 1.010 *** 0.951 ***
(0.010) (0.011)

BM −1.609 *** −2.019 ***
(0.017) (0.018)

ROE 0.009 0.008
(0.029) (0.024)

DAR 0.055 *** 0.043 *
(0.018) (0.024)

fix 0.008 0.016
(0.014) (0.023)

ROA 0.145 0.086
(0.089) (0.083)

MSR 0.071 *** −0.042 *
(0.020) (0.022)

lnage 0.044 −0.003
(0.041) (0.020)

cash 0.035 −0.012
(0.022) (0.024)

subsidy −0.000 0.000
(0.000) (0.000)

_cons 10.773 *** 11.826 ***
(0.121) (0.149)

R2 0.992 0.967
Observations 16,437 16,278

Firm FE Yes Yes
Year FE Yes Yes

Note: Standard errors are in parentheses, and they are clustered at firm level. *, *** indicate statistical significance
at the 10% and 1% levels, respectively. Column (1) shows the regression results for companies with loose financial
constraints (companies with an SA index greater than the median). Column (2) shows the regression results for
companies with tight financial constraints (companies with an SA index less than the median).

7. Discussions, Conclusions, and Policy Recommendations

Using China’s CET policy as a quasi-natural experiment, we innovatively explore
the effect of this policy on companies’ market value. We investigate how the ETS scheme
promotes companies’ market value from the carbon price, technological innovation, and
carbon disclosure angle. Additionally, we conduct a heterogeneity analysis of the marketi-
zation degree, industries, firm ownership, and different regions. We use the data of listed
companies from the Chinese stock “A” markets and match the data with patent and green
patent data from the CNRDS platform. We employ the DID method to account for the
unobserved cause of the CET policy regarding companies’ market value. Understanding
this mechanism is important for advancing the performance of the carbon markets in China
and potentially those in other developing countries that consider emission trading in their
policy mix. The results of our study will help policymakers take full account of matching
and coordinating existing laws, rules, and various policy instruments to create synergies.
In addition, the findings of this study may be important for investors to optimize their
decision-making and enhance their market value under the ETS mechanism.

Through theoretical and empirical analysis, we drew a series of conclusions:

1. The benchmark regression results reveal that the CET policy promoted companies’
market value significantly. A series of robustness tests (e.g., parallel trend, dynamic
effects, and placebo tests) show robust outcomes.

2. The mechanism analysis of carbon price indicate that the CET policy could improve
the market value of listed companies by influencing carbon price signals, and that
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carbon prices have a greater impact on the market value of companies in high-carbon
industries. The mechanism analysis of technological innovation reveals that the
CET policy has promoted green innovation considerably, and the improvement of
green innovation can significantly increase companies’ market value. The mechanism
analysis of carbon disclosure shows that carbon disclosure plays a negative role in
the mechanism by which the CET policy affects companies’ market value, and that
the reduction effect in the market value of high-carbon industries is less than that of
low-carbon industries.

3. The heterogeneity analysis of the marketization degree demonstrates that the CET
policy significantly affects companies’ market value when the market system is perfect.

4. The CET policy’s impact on companies’ market value is heterogeneous in industry,
firm ownership, and different regions.

Our findings have important implications for regulators, policymakers, investors,
and managers.

First, China’s CET market’s carbon pricing mechanism needs to be further improved
to form a reasonable and effective carbon price. For the carbon market, a reasonable carbon
price mechanism is of great significance to give full play to the role of the carbon market
in energy saving and emission reduction. It is useful to set up a mechanism wherein the
carbon prices are determined by the market and regulated by government. It is necessary
to form a reasonable carbon price to reflect the scarcity of carbon permits and form effective
incentives for companies. A carbon price that is too low cannot form a compelling incentive
for companies, while a carbon price that is too high will increase the cost of companies.

Second, the government should improve the degree of market perfection and reduce
market transaction costs. Perfecting the market rules of ETSs, including the carbon dis-
charge permit system and monitoring system, is critical for improving their efficiency. It is
also necessary for the government to set up and improve ETSs implementing policy and
system development. The government should improve the information quality of carbon
trading, which in turn will provide accurate supply and demand information and lower
the costs of collecting information.

Third, regulators may consider the adverse impact of carbon disclosure on stake-
holders and devise a carbon disclosure policy to encourage companies to disclose car-
bon emissions voluntarily. The government should strengthen and optimize the cor-
porate social responsibility disclosure systems or utilize external institutions, such as
media and public attention, to magnify the potential value losses of companies’ socially
irresponsible behaviors.

Fourth, the government should further improve policies and regulations that encour-
age investors and companies to participate in cleaner and low-carbon innovative activities.
The government is committed to establishing an incentive mechanism and strengthening
the support of innovative capital, market systems, talents, and other elements to promote
sustainable economic development effectively.

Finally, we propose that the Chinese government further improve carbon trading
regulations and incorporate carbon finance into the carbon trading policy system. The role
of tools such as carbon forwards and carbon futures should be further used to assist the
carbon market in generating timely, true, and effective carbon price signals.
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