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This paper explores the effect of China’s emission trading scheme (ETS) pilot policy
implemented during 2013-2014 on carbon emission performance. Adopting the
Difference-in-Difference (DID) model, we find that: 1) China’s ETS pilot policy can
significantly improve the carbon emission performance of listed companies in the pilot
provinces. 2) The heterogeneity analysis shows that the carbon emission performance of
listed companies in the eastern coastal pilot areas has improved significantly, which is not
significant in the central and western pilot areas. 3)We find that China’s ETS pilot policy can
significantly improve innovation capabilities of listed companies, suggesting that innovation
is a channel for the impact of the China’s ETS pilot policy on carbon emission performance
in the pilot provinces. Overall, our study shows that ETS pilot policy has played a
governance role in China and improved carbon emission performance. We further
highlight some important policy implications with respect to helping companies save
energy and reduce emissions, and promoting the further improvement of China’s ETS pilot
policy.
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1 INTRODUCTION

In order to cope with the problem of global warming and seek a balance and win-win situation
between the economy and the environment, countries around the world have never stopped making
efforts to explore. In May 1992, the United Nations Framework Convention on Climate Change
(UNFCC) (United Nations, 1992) was formally promulgated, requiring all countries in the world to
assume “common but differentiated” responsibilities to jointly reduce carbon dioxide and other
greenhouse gas emissions. In December 1997, as a supplement to the UNFCC, the Kyoto Protocol of
the United Nations Framework Convention on Climate Change mandated the emission reduction
obligations and emission reduction methods for developed and developing countries, and artificially
created a carbon trading market for the first time in the form of regulations, effectively promoting the
rapid development of international carbon trading and carbon finance activities. As the world’s
second-largest economy, China has taken the initiative to claim carbon emission reduction
obligations and actively deployed carbon emission rights trading markets. In July 2010,
December 2012, and January 2017 (National Development and Reform Commission, 2010;
National Development and Reform Commission, 2012; National Development and Reform
Commission, 2017), the National Development and Reform Commission of China has
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successively identified three batches pilot areas; With the
advancement of low-carbon pilot policies, from June 2013 to
June 2014, 6 provinces in the low-carbon pilot regions (General
Office of National Development and Reform Commission, 2011)
(including Shenzhen, Shanghai, Beijing, Guangdong Province,
Tianjin, Hubei Province, and Chongqing) has successively carried
out carbon emission trading, which opened the curtain of China’s
ETS pilot policy. These six pilot provinces span the east, middle
and west regions, and the level of regional economic development
is quite different. The specific system design reflects certain

regional characteristics. We searched for the keyword “carbon
dioxide” through the website of Baidu Index (https://index.baidu.
com/). The two spatial distribution maps (Figures 1, 2) are the
results of a portrait of searchers from July 1, 2013 to July 31, 2021
at the province and city level, respectively. As can be seen from
the search volume ranking in Figure 1, 4 of the top 10 provinces
are the pilot provinces. From the search volume ranking in
Figure 2, it can be seen that 6 of the top 10 cities belong to
the pilot provinces, which shows that the public in the pilot
provinces have been paying continuous attention to carbon

FIGURE 1 | Spatial distribution map of the CO2 search index at the province level.

FIGURE 2 | Spatial distribution map of the CO2 search index at the city level.
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dioxide since the implementation of China’s ETS pilot policy, the
most important component is greenhouse gas. China’s ETS pilot
policy has played a long-term guiding role, and raised people’s
awareness of greenhouse gas emission reduction and
environmental protection.

After President Xi Jinping’s pledge in September 2020 to peak
China’s CO2 emissions before 2030 and achieve carbon neutrality
by 2060, attention on climate policy has reached new highs and
turned to domestic implementation (ICAP, 2021). The public’s
attention on carbon trading is also increasing over time. We
comparatively searched the keywords “carbon trading” and
“carbon peak” on the website of Baidu Index (https://index.
baidu.com/). The trend of Keyword search (Figure 3) shows
the searchers’ continued attention on carbon trading (blue line)
and carbon peak (green line) from January 1, 2011 to July 31,
2021. Figure 3 shows that the search peaks for carbon trading are
in November–December 2013, June–July 2014,
November–December 2017, and June–July 2021. We know
that Shanghai was established as the ETS pilot city on
November 26, 2013, Chongqing was established as the ETS
pilot city on June 19, 2014, and China’s national ETS market
was launched on December 19, 2017. During the NPC and
CPPCC session in 2021, “carbon peak” and “carbon neutral”
were first written in the Government Work Report (The State
Council, 2021). The search for “carbon neutrality is” also rising.
Figure 3 shows that, since 2021 there has been a lagging positive
correlation between the search trends of keywords “carbon
trading” and “carbon peak”. It can be seen that the public
have been paying continuous attention to carbon emissions
policies, which shows that the effect of China’s ETS pilot
policy has extremely important practical significance.

The “14th Five-Year Plan” period will be an important period
for China’s energy transition. Building a national carbon emission
trading market is a major institutional innovation to use market
mechanisms to control and reduce greenhouse gas emissions and
promote the development of a green and low-carbon economy,
which is an important policy tool for achieving carbon peaks and
carbon neutral. Hence, can China’s ETS pilot policy effectively
improve the carbon emission performance of listed companies?
Which channels do listed companies take to improve their carbon

emission performance during the energy transition period? Based
on this study, what can we share with the China’s ETS market?
Answering these issues will have important significance for
Chinese companies to reduce carbon emissions, and can play
a vital role in achieving China’s carbon peak, carbon neutrality
and nationally determined contribution goals.

Smith (1976) believes that price guides the demanders and
suppliers in the market, promotes the equilibrium of supply and
demand, finally realizes the optimal allocation of social resources
and maximizes the total social benefits, just like an “invisible
hand.” However, due to the existence of externalities, market
failures will still occur, while buyers and sellers ignore the external
effects of their actions on bystanders, resulting in that the total
benefits of the entire society are not maximized when the market
is in equilibrium. The concept of externality was put forward by
Pigou (1920). When a person’s behavior affects the welfare of the
bystander, but he does not compensate the bystander or receive
compensation from the bystander, externality occurs. If the
impact on bystanders is beneficial, it is called a positive
externality, such as developing new technologies and getting a
new coronavirus vaccine. While if the impact on bystanders is
unfavorable, it is called a negative externality, such as smoking
and excessive carbon emission (Li et al., 2014). Pigou proposed
the “Pigou tax” in 1912 to solve the externality problem, which
was later questioned by Coase. Coase (1960) believed that this
problem could be solved through environmental regulations such
as property right definitions and market transactions, so that the
Pareto optimal state achieves through the re-allocation of
resources. And carbon emission trading is a means of
environmental regulation to control carbon emission through
market transactions.

When the total amount of carbon emission allowances is set,
carbon emission rights become a scarce resource, and scarcity is
one of the driving forces of market transactions. When such
rights are allowed to be traded, a carbon emission trading market
has emerged. The EU has the world’s largest carbon emission
trading market-EU emission trading scheme (EU ETS), which is
an important reference in the construction of China’s carbon
emission trading market. Whether the EU’s carbon emission
trading scheme can play an expected role in China is worthy

FIGURE 3 | Keyword search trends in Baidu Index.
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of in-depth study. Prior studies focused on the macro impact of
China’s ETS pilot policy, but few studies on the micro level.

There are threemain contributions of this study. 1)We extend the
research to the micro level of the firms on the basis of extensive
research on regional carbon emissions by predecessors. Based on the
setting of quasi-natural experiments, this paper examines the impact
of China’s ETS pilot policies on the carbon emission performance of
listed companies in the pilot provinces, which provides evidences for
China regulators to further improve ETS. 2) We explore the impact
mechanism of China’s ETS on the carbon emission performance of
listed companies. By investigating themechanism effects of corporate
innovation under the influence of policy, we provide an experience
for companies to recognize the influencing factors of carbon emission
intensity and improve their carbon emission performance, as well as
support for China to formulate guiding policies. 3) More
comprehensive industries are covered in this study. Listed
companies in all industries have been included, in order to
observe the proactive response of all industries after the
implementation of the China’s ETS pilot policy, and provide
forward-looking support for companies’ future development.

This paper is structured as follows: Section 2 organizes the
literature on the policy effect of carbon emission trading scheme,
the determinants of carbon emission intensity, the quantitative
research methods on effects of China’s ETS pilot policy, and
summarizes research gap. Section 3 provides the framework and
hypotheses. Section 4 presents the sample, model, and descriptive
statistics. Section 5 presents the empirical results and discussion.
Section 6 concludes the paper and addresses the policy
implications.

2 LITERATURE REVIEW AND
RESEARCH GAP

The global carbon emission trading market is in full swing. As of
January 31, 2021, there are 24 ETS in force all over the world
(ICAP, 2021). China’s national carbon emission trading market
has been opened on July 16, 2021. Controlling and reducing
greenhouse gas emissions through market mechanisms is a major
institutional innovation to promote the development of a green
and low-carbon economy. Scholars are enthusiastic about the
research in this area. Our study intends to discuss the extant
literature under three strands of research: 1) Research on policy
effects of emission trading scheme; 2) Research on the
determinants of carbon emission intensity; and 3) Quantitative
research methods on effects of China’s ETS pilot policy.

2.1 Research on Policy Effects of Emission
Trading Scheme
Taking the largest carbon emission trading scheme in the world, EU
ETS, as an example, the scheme has a positive inhibitory effect on the
overall carbon dioxide emissions of the region (Abrell et al., 2011), but
this effect has been uneven in different countries and different
industries. For example, Borghesi et al. (2015) found that the
implementation of European carbon trading policy effectively
reduced the carbon emissions of the Italian manufacturing sector.

For the German manufacturing industry, compared with companies
that have not joined the carbon emission trading scheme, the
companies that have joined the carbon emission trading scheme
have reduced the consumption of natural gas and petroleum
products, and reduced carbon dioxide emissions by 20% between
2007 and 2010 (Petrick and Wagner, 2014). An empirical study of
more than 5,000 Lithuanian companies from 2003 to 2010 by Jaraite-
Kažukauske andDiMaria. (2016) shows that EU ETS did not achieve
any emission reduction results during the first year of
implementation, and was only effective from 2006 to 2007. the
EU ETS did not represent a drag on the profitability of
participating firms. Wang et al. (2021) showed that the
implementation of China’s ETS pilot policies can promote the
upgrading of industrial structure. However, differences in
economic development and technological levels mean that
different regions have different policy effects. Empirical analysis
supports Porter’s hypothesis that technological innovation has an
intermediary effect on the impact of emissions trading on the
upgrading of industrial structure. Zhang S. et al. (2021) verified
the positive effects of China’s ETS and found that China’s ETS
significantly improved the efficiency of green development and
regional carbon equality. Mechanism analysis further shows that
China’s ETS promotes regional carbon equality by increasing green
total factor productivity and reducing investment in carbon-intensive
industries in pilot provinces, confirming the Porter hypothesis and
the effect of investment transfer.

Other studies have shown that the carbon emission trading
scheme has not yet reached a significant reduction in emissions.
There is little evidence the implementation of the NZ ETS has led
to any reduction in greenhouse gas emissions (Evison, 2017).
Streimikiene and Roos (2009) studied the changes in carbon
emissions in the Baltic countries and concluded that the EU ETS
has not yet delivered its real potential to reduce emissions in a
cost-effective way because of the surplus of greenhouse gas
(GHG) emission allowances in first trading period. Cao et al.
(2021) conducted a retrospective analysis on the effectiveness of
the China’s ETS pilot policy in reducing carbon emissions in the
power industry, and found that the China’s ETS pilot policy did
not significantly improve the carbon efficiency of coal-fired
power plants, because the production activities of power plants
are subject to the instructions of the competent authorities, and
the power industry in China is highly regulated. Chen et al. (2021)
analyzed green patent data of listed companies in 31 provinces
(municipalities or autonomous regions) from 1990 to 2018 and
found that the China’s ETS pilot policy significantly reduced the
proportion of green patents. In addition, companies mainly
achieve emission reduction targets by reducing production.
However, due to the decrease in cash flow and expected
income, companies have reduced their investments in research
and development, which is not conducive to green innovation.

2.2 Research on the Determinants of
Carbon Emission Intensity
There are many determinants of carbon emission intensity.
Researches have been deepened step by step from the national
level, the regional level to the firm level. Researches are relatively
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mature on the national level, have been in full swing in the past
2 years on the regional level, while are relatively rare on the
firm level.

On the national level, many scholars have found that political
factors [such as political polarization (Aller et al., 2021)],
economic factors [such as economic growth (Dong et al.,
2020b), urbanization (Wang et al., 2021), industrialization
(Zhang et al., 2014), and foreign direct investment (Zhang
et al., 2020)], population factor [such as population growth
(Dong et al., 2020b), and per capita income (Balado-Naves
et al., 2018)], technological factors [such as ICT (Xuan et al.,
2020), and technological innovation (Zhang et al., 2016; Lin and
Zhu, 2019)], legal factors [such as carbon emissions trading
scheme (Zhou et al., 2019)], and other factors [such as the
expansion of natural gas infrastructure (Dong et al., 2020a),
and force majeure (Zaman et al., 2017; Wang and Wang,
2020; Zhang X. et al., 2021)] will directly or indirectly affect
the carbon emission intensity and efficiency of each country.
Grossman and Krueger (1991) studied Mexico’s further trade
liberalization and found that the reduction of trade barriers would
affect the environmental quality by expanding the scale of
economic activities, changing the composition of economic
activities, and changing production technologies, and also
described the inverted U-shaped relationship between
economic growth and pollutant emissions (sulfur dioxide and
“smog”), which is called the Environmental Kuznets Curve (EKC)
hypothesis. This hypothesis has been verified by many scholars
(Al-Mulali et al., 2015; (Balado-Naveset et al., 2018; Hao et al.,
2018; Leal and Marques, 2020). However, Munir et al. (2020)
considered the Cross-sectional Dependence and re-examined the
relationship between CO2 emissions, energy consumption (EC)
and economic growth (GDP) in the five countries of the
Association of Southeast Asian Nations (ASEAN) between
1980–2016, and found that traditional research has misleading
conclusions about the Granger causality between EKC and CO2,
EC and GDP. The relationship between CO2, EC and GDP
among the five ASEAN countries is heterogeneous. Cheng
et al. (2019) used the panel quantile regression method to
study the impact of economic growth, renewable energy, and
increased patents on carbon emissions. The results did not
support the EKC hypothesis, and the impact of increased
patents on carbon emissions was not significant. It can be seen
that the “black box” of the relationship between economic growth
and pollutant emissions needs to be further “opened”. In terms of
technical factors, Lahouel et al. (2021) confirmed that the
popularization of information and communication technology
(ICT) in Tunisia can promote economic growth, thereby
increasing the carbon emission efficiency. Zhang X. et al.
(2021)compared the effects of SARS and COVID-19 on
CO2emissions, and found that COVID-19 had a much greater
impact.

On the regional level, A large number of academic articles in
the field of regional carbon emissions have emerged in China in
recent years. Chen et al. (2018)found that the main factors
contributing to the increase in carbon emissions in Macau are
economic scale effect and energy structure change. Based on the
research at the city level in China, using the propensity score

matching-DID method (PSM-DID), Zhou and Liu (2020)found
that the China’s ETS pilot policy has a significant restrictive effect
on the carbon emission intensity of pilot cities. As the policy
continues to be implemented, the restrictive effect becomes more
obvious. Adding intermediary variables, it is found that
adjustment of industrial structure and energy conservation in
pilot cities are beneficial to reducing carbon emission intensity.
Zhang et al. (2020) conducted a study on panel data at the city
level in China from 2004 to 2015 and found that pilot areas that
adopted carbon emission trading policies reduced carbon
emissions by about 16.2%. This impact is particularly
significant in the economically developed areas of eastern
China. Based on the DID model, Wen et al. (2020)selected 10
cities in Hubei Province and Hunan Province as the treatment
group and control group respectively. They found that the
implementation of ETS had little significant impact on
industrial carbon emission, gross domestic product (GDP),
energy consumption intensity and carbon emission intensity in
Hubei Province.

On the firm level, there is relatively little research on related
aspects. Liu et al. (2021)found that Chinese companies with
higher profit pressure will also have higher sulfur dioxide
emission intensity, which reflects the conflict between financial
goals and environmental goals to a certain extent. Using the panel
data of Chinese A-share listed companies from 2008 to 2016, Hu
et al. (2020)constructed a quasi-natural experiment based on the
DDDmodel and found that China’s ETS has a significant positive
impact on the quantity and quality of innovation. However, the
impact of China’s ETS on the innovation quantity, low-quality
innovations, and high-quality innovations is reduced in turn.
China’s ETS only promotes the innovation quantity and high-
quality innovations in State-owned enterprises, large-scale
enterprises and eastern enterprises.

2.3 Quantitative Research Methods on
Effects of China’s ETS Pilot Policy
Considering factors such as research objects and research
conditions, Chinese scholars chose different quantitative
research methods when studying effects of China’s ETS pilot
policy. There are more representative of the quantitative research
methods: Difference-in-Difference (DID) model, Propensity
score matching and difference-in-difference (PSM-DID)
model, Difference-in-Difference-in- Difference (DDD) model,
and so on. DID is a classic method in the field of policy effect
evaluation, and is widely used in researches on policy effects
(Feng et al., 2017; Dong et al., 2019;Wen et al., 2020).When using
DID we should realize that there are significant differences in the
characteristics of the treatment and control groups. Non-
overlapping bias and the density weighting bias could result if
such differences are correlated to the dynamics of the dependent
variables (Heckman et al., 1998). Compared with DID, PSM-DID
eliminates the systematic differences in individual characteristics
between the two groups (Zhang et al., 2019; Zhou et al., 2019;
Huang et al., 2021). The parallel trend assumption of DID model
is sometimes difficult to meet in actual research. In order to solve
this problem, DDD model can be adopted (Gao et al., 2020; Hu
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et al., 2020). There are also some other methods used, such as the
synthetic control approach (Cheng et al., 2019), the two-step
panel quantile regression approach (Dong et al., 2020a), and the
data envelopment analysis (DEA) model (Dong et al., 2019).

2.4 Literature Gap
From the previous literature review, it can be seen that scholars have
done a lot of research on the policy effects of domestic and foreign
carbon emission trading scheme and on the determinants of carbon
emission intensity, using different research methods. However, there
are still research shortcomings. First of all, on the effects of China’s
ETS pilot policy, a large number of studies have focused on the
regional level, from the macro perspective of provinces, regions, and
cities. However, few scholars research on the firm level. After all,
enterprises are cells of the economy, and macro data is also
aggregated from micro data of enterprises. The agglomeration
effect of corporate carbon emission intensity is reflected in the
intensity of regional carbon emissions. The regional carbon
emission effects have been studied by scholars from multiple
perspectives, while research on the micro level is less. Secondly,
the existing firm-level literatures focus on the impacts of China’s ETS
pilot policy on corporate green innovation, or research on the impact
of corporate carbon mitigation in a certain industry. Few literatures
pay attention to the comprehensive reflection of the carbon emission
performance of listed companies in all industries under the impact of
policies. Thirdly, with the opening of China’s national carbon
emission trading market on July 16, 2021, the government’s
determination to control carbon emissions has become
increasingly firm, and the measures to control emissions have
become increasingly stringent. All walks of life should take
precautions. So, what mechanism does the China’s ETS policy use
to affect the carbon emission performance of listed companies?What
measures should be taken by listed companies to improve carbon
emission performance? Researches in these areas are very important,
but there are very few existing literatures that need to be
supplemented.

3 HYPOTHESES DEVELOPMENT

The essence of carbon emission right is a legalized emission right,
and carbon emission trading is to commercialize this right
through market transactions. The carbon emission trading
mechanism is to use environmental regulations to make up for
market failures caused by externalities. Its ultimate goal is still to
reduce greenhouse gas emissions. According to national
conditions, China sets a total carbon emission target.
According to this target, China determines their own quotas
for key carbon emission management companies in each pilot
city. Each company arranges carbon emissions according to the
size of the quota. If the quota is exceeded, it must be purchased
from other companies with surplus quotas in the market to make
up for the lack of their own quota. If the quota is surplus, the
company can sell it to other companies with insufficient quotas in
the secondary market to obtain income. For companies, under the
inevitable external policy pressure, they must find ways to
improve carbon emission performance and reduce carbon

emission intensity in order to obtain new life. In addition,
researches have confirmed that China’s ETS negatively affected
pollutant emissions in pilot cities (Zhang et al., 2019; Huang et al.,
2021). And companies’ carbon emissions are an important part of
urban carbon emissions, so we speculate that China’s ETS pilot
policy can reduce companies’ carbon emission intensity and
improve their carbon emission performance. Based on the
above discussion, we propose the following hypothesis.

Hypothesis 1. China’s ETS pilot policy can improve the carbon
emission performance of listed companies in the pilot provinces.

The Porter hypothesis (Porter, 1991) believes that appropriate
and scientific environmental regulations will have a positive
externality effect on enterprises. The environmental
regulations improve production technology and processes by
forcing companies to transform traditional extensive business
models at the expense of resources. And the increase in
productivity and production efficiency brought about by
technological innovation can offset the additional costs caused
by environmental regulations and increase the company’s
additional net income, thereby achieving social and economic
development. In addition, based on corporate innovation, the
company upgrades low-carbon technology, which not only can
reduce the environmental pollution that may be caused by all
aspects of production activities, but also reduce energy
consumption, save resources, and reduce enterprise production
costs, thereby making product prices more competitive.
Therefore, under China’s ETS pilot policy, companies have the
motivation to increase innovation investment and improve
innovation capabilities. In addition, researches have confirmed
that technological innovation is one of the key factors affecting
carbon emissions (Zhang et al., 2016; Lin and Zhu, 2019). China’s
ETS pilot policy can significantly promote technological
innovation (Liu and Sun, 2021). Therefore, we propose the
following hypothesis.

Hypothesis 2. China’s ETS pilot policy can improve the carbon
emission performance of listed companies in the pilot provinces,
through promoting corporate innovation.

4 RESEARCH DESIGN

4.1 Sample Selection
Our sample is composed of listed companies on the Shanghai Stock
Exchange (SHSE) and Shenzhen Stock Exchange (SZSE) in
293 prefecture-level cities in China from the China Stock Market
and Accounting Research (CSMAR) system over the period of
2008–2018. Since the China’s ETS pilot policy started from June
2013 to June 2014, the year 2014 will be taken as the time point for
external policy shocks. Listed companies registered in the pilot
provinces are set as the experimental group, and listed companies
registered in the non-pilot provinces are set as the control group. In
order to ensure the validity of the data processing results, this article
screens the samples as follows before the analysis: 1) Exclude ST or
*ST companies; 2) Exclude companies with incomplete data or
abnormal financial data. Finally, 105 unbalanced panel data were
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constructed. The sample distribution by industry is presented in
Table 1.

4.2 Model
The Difference-in-Difference method obtains the net effect of
policy impact by eliminating the interference of time effect and
fixed effect on the explained variables (Ashenfelter and Card,
1985), which is a classic powerful tool in the evaluation method of
policy effect. Because the policy is exogenous, the DID model can
avoid the endogenous problem to a great extent. At the same time,
the use of fixed effect estimation can also alleviate the problem of
missing variables to a certain extent. This paper regards the
impact of China’s ETS pilot policy in 2014 as a quasi-natural
experiment, and uses the DID model to compare the carbon
emission performance and the corporate innovation level of
Listed Companies in the experimental group and the control
group before and after the implementation of the policy, so as to
present the policy effect more intuitively. Therefore, the
benchmark panel DID model is constructed as follows:

Y � α0 + α1Treat × T +∑Control + year + industry

+ province + ε (1)

Carbon emission performance and corporate innovation are used
as the dependent variables, denoted by CO2 and R&D (Ting et al.,
2021), respectively. Treat is a regional dummy variable that equals 1
if the province is in the treatment group; otherwise, it is 0. T equals 1
if the emission trading scheme is implemented; otherwise, it is 0. The
interaction term, the core explanatory variable, is denoted by
Treat × T, and it tests whether the China’s ETS pilot policy can
bring double dividends of carbon emission performance and
corporate innovation. Control represents the control variables.
year, industry, and province represent the time fixed effect, the
industry fixed effect and the province fixed effect, respectively. ε is
the error term.

Carbon emission intensity is a traditional measure of corporate
carbon emission performance (Ding et al., 2019). On the macro level,
carbon emission intensity is equal to carbondioxide emissions per unit
of GDP (Zhu and Li, 2021). By analogy with this method and
considering the availability of sample data, on the firm level, we
use the carbon dioxide emissions per unit of assets or income to
measure carbon emission intensity. R&D is measured by R&D
investment/Total assets based on input of corporate innovation
(Ting et al., 2021). To control any factors that may explain the
change in carbon emission performance and corporate innovation,
we select the following control variables (He and Tian, 2013; Hu et al.,
2020; Wen et al., 2020; Lv and Bai, 2021; Ting et al., 2021): Company
Size (Size), Leverage level (Lev), Company listing year (Age), Cash
flow level (CFO), Proportion of fixed assets (Tangibility), Company
growth ability (Growth), Board size (Board), Proportion of
independent directors (Indd), and The development of Local
economic in province level (GDP). Detailed variable definitions are
presented in Table 2.

4.3 Descriptive Statistics
Table 3 reports the descriptive statistics of the variables. The
mean value of carbon emission intensity in our sample is 0.092 kg
per yuan, measured by amount CO2 emissions divided by asset,
suggesting that unitary asset will generate 0.092 kg CO2.
However, there is a big difference of carbon emissions among
companies. The minimum value of CO2 is 0.001, the maximum
value is 1.596. We have the similar finding when using CO22,
measured by amount CO2 emissions divided by revenue, the
mean (median) value is 0.174 (0.017). The results of other
variables are consistent with prior literature.

TABLE 1 | Sample distribution by industry.

Industry Obs. Percentage (%)

1. Mining 14 13.33
2. Textile 3 2.86
3. Paper/printing 3 2.86
4. Petroleum 6 5.71
5. Electronics 2 1.90
6. Metal/non-metal 11 10.48
7. Equipment 9 8.57
8. Pharmaceutical products 9 8.57
9. Other manufacturing 3 2.86
10. Energy supply 1 0.95
11. Construction 9 8.57
12. Transport 22 20.95
13. Information technology 2 1.90
14. Finance 10 9.52
15. Real estate 1 0.95
Total 105 100.00

TABLE 2 | Variable definition.

Variable Definition and units Measurement

CO2 Carbon emission intensity (kilogram/yuan) CO2 emissions per asset
CO22 Carbon emission intensity (kilogram/yuan) CO2 emissions per income
R&D R&D investment (%) R&D investment/Total assets
Size Company size (-) Ln (Assets)
Lev Leverage level (%) Liabilities/Total assets
Age Company listing year (-) Ln (listing year)
CFO Cash flow level (%) Net cash flow from operating activities/Total assets
Tangibility Proportion of fixed assets (%) Fixed assets/Total assets
Growth Company growth ability (%) revenue growth rate
Board Board size (-) Ln (Board size)
Indd Proportion of independent directors (-) Number of independent directors/Board size
GDP The development of local economic in province level Ln (GDP)
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5 EMPIRICAL RESULTS

5.1 Basic Analysis of the
Difference-in-Difference Regression
Results
Based on the benchmark regression analysis, we apply the DID
method to investigate the average treatment effect of carbon
emission performance of listed companies in the pilot provinces
The results for carbon emission performance as the explained
variable are reported in Table 4.

The basic regression results in the first column show that the
coefficient of Treat × T is significantly negative at the 10% level
(α1 � −0.286, p< 0.10), indicating that the China’s ETS pilot
policy reduce the carbon emission intensity of listed companies in
the pilot provinces and improve carbon emission performance,
which is consistent with Hypothesis 1.

Based on the basic regression analysis, a heterogeneity analysis
is conducted. According to the marketization index, the samples
are divided into high and low groups. The second and third
columns of Table 4 show that the carbon emission performance
of listed companies in the eastern coastal pilot provinces has

TABLE 3 | Descriptive statistics of variables.

Variable Obs. Mean Min 25th Median 75th Max SD

CO2 105 0.092 0.001 0.001 0.010 0.079 1.596 0.267
CO22 105 0.174 0.001 0.001 0.017 0.177 4.044 0.603
R&D 105 0.019 0 0.001 0.011 0.036 0.083 0.022
Size 105 25.145 21.097 23.840 25.254 26.071 29.535 1.937
Lev 105 0.612 0.202 0.474 0.635 0.747 0.938 0.190
Age 105 2.313 0.693 1.946 2.398 2.773 3.219 0.605
CFO 105 0.066 -0.098 0.034 0.062 0.112 0.227 0.062
Tangibility 105 0.303 0.003 0.090 0.267 0.489 0.765 0.233
Growth 105 0.138 -0.151 0.037 0.104 0.174 1.205 0.213
Board 105 2.237 1.609 2.079 2.197 2.398 2.890 0.285
Indd 105 0.404 0.286 0.333 0.375 0.429 0.667 0.087
GDP 105 10.288 7.049 10.044 10.246 10.539 11.485 0.760

TABLE 4 | The impact of China’s ETS pilot policy on carbon emission performance.

(1) (2) (3)

CO2 CO2 CO2

Basic regression The eastern coastal
pilot provinces

The central and
western pilot provinces

Treat*T −0.286* −0.199** −18.097
(−1.80) (−2.08) (−0.85)

Size 0.054* 0.006 −2.154
(1.75) (0.60) (−0.74)

Lev −0.747 −0.126 −6.646
(−1.27) (−1.31) (−0.76)

Age −0.034 0.058** 1.201
(−0.79) (2.45) (0.69)

CFO −0.407 0.076 2.123
(−0.74) (0.46) (0.28)

Tangibility −0.293 0.124 0.133
(−0.63) (1.04) (0.04)

Growth −0.182 −0.012 −2.252
(−1.02) (−0.24) (−0.30)

Board 0.054 0.016 1.547
(0.49) (0.50) (0.18)

Indd −0.479 −0.089 −5.561
(−1.17) (−1.10) (−0.52)

_cons −0.595 −0.214 28.819
(−0.80) (−0.72) (0.69)

Year yes yes yes
Industry yes yes yes
Province yes yes yes
Observations 105 66 39
Adj.R2 0.235 0.957 0.027

Note: Standard errors are in parentheses; *, and ** denote significance at the 10%, and 5% levels, respectively.

Frontiers in Energy Research | www.frontiersin.org September 2021 | Volume 9 | Article 7595728

Zheng et al. China’s Emission Trading Scheme

https://www.frontiersin.org/journals/energy-research
www.frontiersin.org
https://www.frontiersin.org/journals/energy-research#articles


improved significantly, but not in the central and western pilot
provinces. It can be seen that the higher the degree of
marketization, the better the company’s business environment
and the more focused on carbon emission performance.

5.2 Mechanism Analysis
The test results of Eq. 1 for corporate innovation as the explained
variable are reported in Table 5.

The results show that the coefficient of Treat × T is
significantly positive at the 5% level (α1 � 0.006, p< 0.05),
indicating that the China’s ETS pilot policy can significantly
improve innovation capabilities of listed companies, suggesting
that innovation is a channel for the impact of the China’s ETS
pilot policy on carbon emission performance of listed companies
in the pilot provinces, which is consistent with Hypothesis 2.

5.3 Robustness Tests
Through the basic regression analysis, it is known that the China’s
ETS pilot policy can reduce the carbon emission intensity of listed
companies in the pilot provinces and improve their carbon
emission performance. In order to reduce the error of DID
estimation and ensure the reliability of the conclusion, we use

TABLE 5 | The impact of China’s ETS pilot policy on innovation.

R&D

Treat*T 0.006**
(2.05)

Size −0.000
(−0.23)

Lev 0.014
(1.00)

Age −0.001
(−0.43)

CFO −0.026
(−1.02)

Tangibility 0.021**
(2.11)

Growth 0.007
(0.95)

_cons 0.023
(0.49)

Year yes
Industry yes
Province yes
Observations 105
Adj.R2 0.822

Note: Standard errors are in parentheses; ** denote significance at the 5% level.

TABLE 6 | Robustness test results.

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

CO2 CO2 CO2 CO2

Replacing the indicator
of carbon emission

intensity

Eliminating data in
the year of

policy implementation

Controlling GDP Eliminating Finance industry

Treat*T −0.516* −0.457** −0.297* −0.295*
(−1.70) (−2.28) (−1.68) (−1.71)

Size 0.056 0.066* 0.056* 0.057
(0.93) (1.98) (1.75) (1.06)

Lev −1.087 −0.935 −0.744 −0.753
(−1.00) (−1.33) (−1.24) (−1.21)

Age −0.102 −0.021 −0.034 −0.053
(−1.02) (−0.33) (−0.76) (−1.04)

CFO −1.161 −0.559 −0.383 −0.491
(−1.16) (−0.70) (−0.70) (−0.85)

Tangibility −0.874 −0.282 −0.346 −0.293
(−0.84) (−0.54) (−0.67) (−0.60)

Growth −0.521 −0.155 −0.184 −0.206
(−1.26) (−0.77) (−1.01) (−0.95)

Board 0.125 0.060 0.053 0.075
(0.49) (0.46) (0.49) (0.45)

Indd −0.674 −0.449 −0.449 −0.441
(−0.87) (−1.14) (−1.14) (−1.06)

GDP −0.684
(−0.61)

_cons 0.127 −0.845 5.836 −0.571
(0.08) (−0.96) (0.54) (−0.39)

Year Yes yes Yes Yes
Industry Yes yes Yes Yes
Province Yes yes Yes Yes
Observations 105 96 105 95
Adj.R2 0.336 0.237 0.225 0.193

Note: Standard errors are in parentheses; *, and ** denote significance at the 10%, and 5% levels, respectively.
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different methods to conduct robustness tests. The results are
shown in Table 6.

Method 1: Replacing the indicator of carbon emission
intensity. Carbon emission intensity is measured by CO2

emissions per unit of income (unit: kg/yuan). The first column
of Table 6 shows the regression results. It can be seen intuitively
that the coefficient of Treat × T is significantly negative at the
10% level (α1 � −0.516, p< 0.10), indicating that the China’s ETS
pilot policy can reduce the carbon emission intensity of listed
companies in the pilot provinces and improve carbon emission
performance.

Method 2: Eliminating the interference caused by the policy
implementation years of 2013 and 2014. The second column of
Table 6 shows the regression results. It can be seen intuitively that
the coefficient ofTreat × T is significantly negative at the 5% level
(α1 � −0.457, p< 0.05), indicating that the China’s ETS pilot
policy can reduce the carbon emission intensity of listed
companies in the pilot provinces and improve carbon
emission performance.

Method 3: Controlling the variable of area characteristic. The
third column of Table 6 shows the regression results. It can be
seen intuitively that the coefficient of Treat × T is significantly
negative at the 10% level (α1 � −0.297, p< 0.10), indicating that
the China’s ETS pilot policy can reduce the carbon emission
intensity of listed companies in the pilot provinces and improve
carbon emission performance.

Method 4: Eliminating Finance industry. The fourth column
of Table 6 shows the regression results. It can be seen intuitively
that the coefficient of Treat × T is significantly negative at the
10% level (α1 � −0.295, p< 0.10), indicating that the China’s ETS
pilot policy can reduce the carbon emission intensity of listed
companies in the pilot provinces and improve carbon emission
performance.

In Table 6, we find that the estimated coefficients of
Treat × T are still significant, which indicates that the
conclusion is robust.

6 CONCLUSION

In this study, based on Shanghai and Shenzhen A-share listed
companies’ panel data over period of 2008–2018, we explore
whether the China’s ETS pilot policy can improve carbon
emission performance by using the DID model. Our study
finds that 1) China’s ETS pilot policy can significantly
improve the carbon emission performance of listed companies
in the pilot provinces. 2) However, the carbon emission
performance of listed companies in the eastern coastal pilot
provinces has improved significantly, but not in the central
and western pilot provinces. 3) Furthermore, we find that
China’s ETS pilot policy can significantly improve innovation
capabilities of listed companies, suggesting that innovation
capabilities can effectively improve carbon emission
performance.

Based on the above findings, several policy implications are
provided as follows. 1) We suggest that China should further
encourage enterprises to invest in innovation, especially low-

carbon technological innovation, through tax cuts, government
subsidies, etc. Innovative enterprises in the industry should take
the lead, organize emission reduction alliances, and leverage the
advantages of economies of scale. It is very necessary for the state
to provide support through various support policies to enhance
the overall low-carbon innovation strength of the industry and
provide strong backing support for the introduction of low-
carbon technologies for small and medium-sized enterprises.
2) With the continuous improvement of national economic
strength and production efficiency, the industry is gradually
diversified. Scarce resources such as carbon emission rights
can also bring benefits to enterprises. In the process of market
selection, enterprises will take advantage of economies of scale
and continuously improve their carbon emission performance. In
industries with low carbon emission efficiency, small and
medium-sized enterprises will be gradually eliminated.
Therefore, it is necessary for the state to formulate relevant
policies to guide small and medium-sized enterprises to
transform into industries with low carbon emissions (such as
service industries). 3) It is proposed to “accelerate the
establishment of a three-level greenhouse gas emission
accounting system at the national, local and corporate levels”
in the “Twelfth Five-Year Plan for Controlling Greenhouse Gas
Emissions.” At present, the disclosure system of the Social
Responsibility Report of listed companies is still being further
improved. From the reports disclosed by various companies, it
can be seen that the lack of data is serious and the continuity
of the report is not strong. Although some companies
continue to disclose the Social Responsibility Report, it is
just a mere formality and does not really speak with the data.
It can be seen that the corporate greenhouse gas emission
accounting ability needs to be further improved, and
government departments should increase the intensity of
supervision and guidance. 4) Since the basic data on
greenhouse gas emissions at the corporate level is
relatively weak, and the evaluation methods for the effect
of policy implementation are limited, it is difficult to evaluate
the effect of China’s carbon emissions trading pilot policies at
the corporate level. This can easily mislead us to objectively
and comprehensively evaluate the effects of China’s ETS
(pilot) policy, which hinders the optimization and
improvement of the pilot ETS and even the design of the
national ETS. Based on this, the government should pay
attention to the evaluation of the pilot ETS policies,
authorize evaluation qualifications for relevant agencies,
encourage evaluation agencies to compete and supervise
together, guide enterprises in scientific, effective and
precise emission reduction, improve the external benefits
of environmental regulations to enterprises, mobilize the
enthusiasm of enterprises to fulfill their environmental
responsibilities, make enterprises change from passive to
active, form a virtuous cycle of economy and environment,
realize the environmental and economic benefits in the
“Porter Hypothesis,” assist the country in scientific
decision-making, change the extensive economic
development and insist on the harmonious coexistence of
man and nature.
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