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Abstract: Using archival data of the Chinese A-share listed companies from 2011 to 2019, this
article empirically examines the effectiveness of the Chinese carbon emission trading pilot, from the
perspective of market-ranked corporate environmental performance. The main findings demonstrate
that compared with companies not selected in the pilot, regulated enterprises tend to create a better
environmental performance after the implementation of the pilot. Second, regarding the two possible
influential channels, the lowering production level channel is empirically supported, while the
increasing green investment channel lacks salient explanatory power. Finally, greater environmental
pressures and better internal control quality present synergistic effects in amplifying the positive
connection between the pilot and corporate environmental performance. Our conclusions remain
valid under various robustness test methods. Potential related directions for future research are also
identified and suggested in this article. Overall, using the Chinese carbon emission trading pilot
as a research setting, our study provides additional evidence on whether and how environmental
regulations affect corporate environmental performance ranked by capital market participants.

Keywords: Chinese carbon emission trading pilot; corporate environmental performance; lowering
production level channel; corporate environmental pressures; internal control quality

1. Introduction

Since the rapid development of industrialization, socio-economic growth has long been
accompanied by large emissions of various carbon compounds, gradually causing climate
concerns of the greenhouse effect worldwide. According to the statistics published by the
UN’s Intergovernmental Panel on Climate Change (IPCC), during the 2010 to 2019 period,
average annual global greenhouse gas emissions were at the highest level in human history,
with a total emission of around 59 billion tons in 2019 [1]. While the average annual growth
rate of the emission amount has declined from 2.1% in the 2000s to 1.3% in the 2010s, it is
still essential for governments to work closely and take measures to mitigate the negative
impacts of greenhouse gases [1]. Among the identified greenhouse gases, carbon dioxide
is by all means the most widespread and the most influential [2], making governments
and international organizations put more efforts in creating available carbon-reducing
technologies, as well as regulatory policies. For instance, starting from 2005, the European
Union launched its Emissions Trading Scheme (EU-ETS) to use market mechanisms in
chasing the EU’s carbon-reducing targets. For now, the EU-ETS has become the world
largest carbon emission trading market, providing practical guidance for countries using
similar market-incentive methods for carbon emission regulations. Moreover, the United
Nations Climate Change Conference in Glasgow (COP26) has made progress on setting
rules for building the global carbon trading market, making the effectiveness of the carbon
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trading mechanism in helping achieve the carbon-reducing goal a highly discussed topic,
in both the academic and practical areas.

Following the practical experience of EU-ETS, the Chinese government began to
prepare the Chinese carbon emission trading pilot in 2011, and successively launched
its pilot trading system from 2013 in eight provinces or cities. This includes Beijing,
Shanghai, Shenzhen, Guangdong and Tianjin in 2013, Hubei and Chongqing in 2014,
and finally Fujian in 2016 [3]. After the several-year pilot operating and the nationwide
system designing in 2021, the national carbon emission trading market was officially
launched in cooperation with China’s “carbon peaking” and “carbon neutrality” targets
set in 2020. In fact, to the best of our knowledge, the carbon emission trading system is
currently the only market-incentive carbon-reducing practice in China, and thus attracts
academic discussions on its practical effectiveness. Specifically, from the micro perspective
at the firm level, existing literature generally concludes that Chinese companies under
such market-incentive regulation will significantly reduce their carbon emissions [4,5],
promote their own green innovation activities [6,7], and experience increased corporate
total productivities in the long term [8,9]. On the other hand, from the macro perspective at
the regional level, studies present mixed results by stating that the leakage effect of carbon
emitting and the spillover effect of carbon reducing may simultaneously exist after the
implementation of the Chinese carbon emission trading pilot [10,11]. With the fact that one
public policy can have positive or negative impacts on certain entities and that a favorable
outcome to one social entity might be unfavorable to another, examining policy impacts
from different perspectives brings insights on comprehensively understating how a certain
policy affects socio-economic development. While commonly using Chinese A-share listed
companies as the research sample, current studies seem to leave how the capital market
evaluates the influence of the Chinese pilot on corporate environmental performance an
undiscussed topic. Such issue remains vital both because environment protection is a
crucial factor of socio-economic sustainable development and because evaluations from
capital market participants generally determines the survival of the listed companies,
especially in the current period, under China’s carbon peaking and carbon neutrality
goals, as well as under the comprehensive reform of the registration-based IPO system in
the Chinese capital market. By focusing on the connection between a market-incentive
environmental regulation and market-ranked corporate environmental performance, we
provide additional evidence in this article to extend the current research scope in the
empirical field of environmental accounting.

Using archival data of the Chinese A-share listed companies from 2011 to 2019, we
empirically examine whether and how the Chinese carbon emission trading pilot affects
corporate environmental performance, ranked by a professional market rating agency, the
Bloomberg database. The major findings demonstrate that the market-ranked environ-
mental performance of the companies that are selected in the pilot experience significant
improvements after the pilot implementation, suggesting that such environmental regu-
lation enhances corporate sustainable investment values in the capital market. Second,
compared with the hypothesized increasing green investment channel, the lowering pro-
duction level channel is statistically salient in explaining how the Chinese listed companies
improve their environmental performance during the pilot period, revealing the listed
companies’ preferences of short-term carbon-reducing behaviors rather than the long-term
sustainable methods. Finally, moderating effect analyses further prove the synergistic ef-
fects of corporate environmental pressure and internal control quality. That is, the positive
capital market value-adding effect of the pilot can be strengthened in companies that are
under greater pressures of the external environmental law enforcement or that operate
with better internal control systems.

This study contributes to the current literature in the following aspects. First, when
discussing the effectiveness of the Chinese carbon emission trading pilot on micro socio-
economic areas, previous studies mainly focus on how the Chinese listed companies react
to such environmental regulation [7,12], while often ignoring evaluations from professional
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capital market participants, such as indexing or rating agencies. Given the fact that mar-
ket institutions are essential information intermediaries among various stakeholders in
the capital market, the way in which they assess corporate environmental performance
before and after the pilot implementation reflects the views of capital market investors,
and thus contains direct market-incentive information, which potentially redirect market
fund flows. From the perspective of capital market investors, we supplement the cur-
rent studies regarding whether and how the capital market participants respond to the
new environmental regulation implementations, and thus provide additional empirical
evidence for deeply and comprehensively understanding the socio-economic impacts of
a market-incentive environmental regulation in the Chinese emerging market. Second,
concerning the existing debate about how the listed companies trade off among multiple
methods in dealing with carbon emission quota limitations under the pilot [13–15], we
present new evidence to support the view that companies will generally lower their pro-
duction levels in response to emission quota limitations, which then helps them achieve
better environmental performance, while making few environment protection investments
under the pilot regulation. Our findings thus shed light on internal connections between
the implementation of the Carbon emission trading pilot and the promotion of the Chinese
listed companies’ market-ranked environmental performance. Third, by examining the
moderating effects of corporate environmental pressures and internal control quality, this
study provides additional evidence on regulatory synergies brought by both the external
law enforcement and corporate internal governance, emphasizing the necessity for devel-
oping systemic environmental regulatory mechanisms among policy makers, law enforcers,
and corporate governors.

The remaining parts of this article are: Section 2, which provides the literature review
and hypothesis development; our research design is introduced in Section 3; Section 4
shows the empirical results, including baseline regression, robustness tests, influential
mechanism analysis, and moderating effect analysis; the main findings are then further
discussed in Section 5; and Section 6 concludes the whole article.

2. Literature Review and Hypothesis Development
2.1. Impacts of the Carbon Emission Trading Scheme

As one of the commonly used market-incentive environmental regulations worldwide,
the carbon emission trading scheme plays an essential role in internalizing firms’ negative
environmental externalities [16]. Since the contradictions between environmental protection
and current economic development remine evident, the practical effects of the carbon
emission trading scheme are still the focal points in related research fields.

When evaluating a regulatory policy, whether this policy achieves its major target is
always the most important index. Focusing on the basic carbon emission reduction effect,
Bayer and Aklin [17] suggest that during 2008 to 2016, the European Union Emissions
Trading System (EU-ETS) has successfully saved around 1.2 billion tons of carbon dioxide
emissions, which is equal to 3.8% of the incremental carbon emission reductions Europe-
wide. Detailed data further conclude that the carbon emission reductions in four European
countries, including France, the Netherlands, Norway, and the United Kingdom, were
around 6% during 2005 to 2007, and 15% during 2008 to 2012, respectively [18]. Although
the Chinese carbon emission trading scheme is still less mature with infrequent trading, and
is just comparable to the initial stage of the EU-ETS [19], the recent literature provides evi-
dence that compared with companies not been regulated by the pilot, regulated ones have
significantly reduced their carbon dioxide emissions, and thus promote carbon emission
reductions, as well as the regional air quality [4,12,20,21]. With continuous implementations
of the trading scheme, the positive carbon-reducing effect tends to be significant in the long
term [5].

However, based on the fact that traditional carbon-consuming resources such as
fossil fuels are still the basis of modern industrial development, the carbon emission
trading scheme will asymmetrically increase the operating costs between regulated and
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unregulated companies [22], and thus enlarge the existing gaps within companies’ market
competitiveness [23]. In fact, regarding the influences on competitiveness, existing litera-
ture conclusions remain mixed. From the perspective of innovation, study results mainly
suggest that when facing environmental regulatory pressures, companies have strong incen-
tives to minimize their regulation costs by complying with regulatory requirements [6,17].
Considering that environmental regulations are always expected to last for a long period
and with support from both the government and research institutions, companies are likely
to increase their investments in green technologies, and thus receive better carbon-reducing
innovation performance, such as creating more green patents and improving low-carbon
technical efficiency [7,13,14,24]. The positive connection between the implementation of
the Chinese carbon trading pilot and the listed companies’ total factor productivity and
provincial energy efficiency further supports the innovation–promotion effect [8,9,25]. By
comparing the costs between directly purchasing the carbon emission quotas and investing
in green innovation activities, Zhang et al. [15] suggest that, with the Chinese carbon
emission market still lacking efficiency at the current stage, the trading scheme can actually
impede green innovations, since the cost of companies’ incremental carbon emissions
remains relatively low. From the perspective of the Chinese firms’ export product quality,
Zhang et al. (2023) [26] conclude that the quality of the listed companies’ exported products
generally suffers from a long-lasting decline after the implementation of carbon trading
system, mainly because of the increased compliance costs brought by such policy. Using the
companies’ financial data of revenue, fixed asset, employment level, and operating profit,
Dechezlepretre et al. [18] summarize that the EU-ETS does not significantly deteriorate
the regulated companies’ economic performance, providing additional evidence for the
conclusion proposed by Dechezlepretre and Sato [27] that environmental policies generally
lead to significant, but relatively tiny negative effects on competitiveness indicators such as
trade, employment, plant location, and productivity.

While the innovation–promotion effect of the carbon emission trading scheme sup-
ports the major view of the Porter hypothesis that environmental regulations will trigger
innovations more than fully offset the costs of complying with them [28], another concern
came up with the pollution haven hypothesis, which states that, as the environmental com-
pliance costs increase, companies will shift their pollution-intensive activities to regions
with lax environmental regulations, leading to a policy-induced pollution leakage [27,29].
Several studies examine the existence of the pollution haven phenomenon brought by the
carbon emission trading scheme, but arrive at contradictory findings. For example, using
provincial and industrial data from China, Gao et al. [10] find empirical evidence proving
the carbon emission outsourcing moves from pilot to non-pilot regions. However, the
positive spatial spillover effect is then proven within the Chinese transportation industry,
illustrating that the basic carbon-reducing effect can be expanded to non-pilot regions
with similar distances to the capital city center of each pilot province [11]. When focusing
on the Japanese regional emission trading scheme in Tokyo and Saitama, Sadayuki and
Arimura [30] provide additional evidence to the spillover effect. They demonstrate that en-
tities not only reduce the carbon dioxide emitted by their regulated facilitates in Tokyo and
Saitama regions, but also put efforts in cutting down carbon emissions from unregulated
facilities outside the Tokyo and Saitama areas.

2.2. Influential Factors of Corporate Environmental Performance

Although still lacking a unanimous definition, corporate environmental performance
generally refers to the environmental contributions or damages caused by corporate op-
erating activities [31], including, but not limited to, pollution emissions, excessive energy
consumptions, and environmental protection inputs. Since pursuing favorable environ-
mental performance does not always belong to the top-tier hierarchy in daily corporate
operations [32], when discussing potential improvement methods for corporate envi-
ronmental performance in developing areas, the literature mainly focuses on external
influential factors such as environmental regulations and market participants’ require-
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ments [33]. For example, Wang et al. [34] compare environmental performance between
Chinese state-owned and non-state-owned enterprises. They conclude that the Chinese
SOEs have higher-level performance of environmental protections because they have more
responsibilities to achieve government policy targets. Considering the listed companies,
the full research sample, Zhang et al. [35] illustrate that the supervisions implemented by
higher-level administrative entities have stronger positive impacts on corporate environ-
mental performance, while regulatory activities carried out by market entities, such as
public media, tend to receive relatively weakened outcomes. Then, regarding the regulation
strengths among entities at the same administrative level, empirical evidence demonstrates
the positive connection between regional environmental regulation enforcement and cor-
porate environmental performance [36,37]. Additionally, when corporate environmental
performance is required or evaluated by capital market investors, companies also need to
rely on favorable environmental information to show their sustainability capacities and
gain stakeholders’ supports, and thus put more resources to promote their environmental
performance [33,38]. Corporate fundamentals, such as internal governance, shareholding
structures, green innovation intensities and digitalization degrees, may play the synergistic
factors in companies’ pursuit of a better environmental performance [39–43].

2.3. Hypothesis Development

As illustrated by the institutional theory, legitimacy is the basic source of business
success. Thus, by abiding to legal regulations and social norms, enterprises can then ob-
tain recognitions of their operating legitimacy from government regulators and market
stakeholders [44]. Under the ultimate goal of tightening carbon emissions from operating
entities, each regulated company is given a certain amount of carbon emission quota mainly
based on its historical emission level. The regulated companies can use the carbon emission
trading system to sell their unused quotas or buy extra quotas for their excessive carbon
emissions [4,45]; that is, as long as the quotas are set to encourage companies to reduce
their carbon-consuming activities, regulated companies will certainly face increasing costs
and decreasing profits, even if they change nothing after being selected in the pilot [9].
Therefore, to comply with regulatory rules and maintain the operating performance, regu-
lated companies are highly motivated to lower their carbon emissions, leading to better
market-ranked environmental performance.

Specifically, regulated companies may choose several practical strategies to deal with
stricter environmental regulations in the carbon emission trading pilot period. The first
one is to directly transfer the incremental costs to market consumers. One example occurs
in the European electricity industry, whereby electricity users bear higher electricity costs,
since the electricity producers pay more carbon emission costs after the implementation of
the EU-ETS [27]. Lowering the original production level to proportionally reduce carbon
emissions is the second available option, since higher production activities inevitably lead
to greater carbon emissions, with non-updated production technologies and facilities [46].
The third strategy follows what the Porter hypothesis states, i.e., that cleaner innovations
will lead to higher productivity and less firm-level environmental concerns in the long term,
which can fully offset incremental costs brought by environmental regulations such as the
carbon emission trading scheme [28]. Using proxies measuring low-carbon innovations,
several studies offer empirical evidence supporting companies’ choices on the hypothesized
innovation strategy [6,14]. The pollution haven hypothesis reveals the fourth option for
the regulated companies; that is, to avoid additional environmental costs, companies
may relocate their carbon-consuming activities outside of jurisdictions set by the carbon
emission trading scheme [27,29].

Among the identified strategies, reducing original production levels and promoting
green innovations are bound to promote achieving low carbon emission targets to regulated
companies, and thus to obtain favorable market-ranked environmental performance. T
major target for the remaining strategies is transferring environmental costs that are raised
by the implementation of environmental regulations to non-regulated entities or regions,
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instead of causing higher carbon emissions or pollutions. Therefore, when regulated com-
panies mainly use the product price-rising strategy or the production relocation strategy,
their carbon emission levels and environmental performance tend to experience no signifi-
cant change. Taken together, we propose that under the carbon emission trading scheme,
regulated companies can generally achieve a higher environmental performance compared
with non-regulated ones. Based on the analysis above, our main hypothesis is presented
below and Figure 1 summaries the theoretical framework of our main hypothesis:

H1. The Chinese carbon emission trading pilot will significantly improve the environmental
performance of regulated companies.
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3. Research Design
3.1. Model Specification

When empirically examining the socio-economic impacts of an exogenous policy
that aims at certain entities, the difference-in-difference (DID) method has been widely
used both because it mitigates potential endogenous concerns from an effective model
design and because it shows the net impacts of such policy by simultaneously considering
differences in time trends and group characteristics. To empirically examine the influence of
the carbon emission trading pilot on the quality of the Chinese listed companies’ sustainable
development practices in environmental-related aspects, we use the difference-in-difference
(DID) method to construct Model (1), following existing literature [7,13,18,47]:

Envscorei,t = α0 + α1CCETi,t + α2Sizei,t + α3Levi,t + α4ROAi,t + α5Independenti,t + α6Pollutioni,t + Year + Ind + ε (1)

where the dependent variable, CCET, captures whether a Chinese listed company is selected
to participate in the carbon emission trading pilot in the observation year. Specifically,
the variable CCET equals one if the company is under regulation of one Chinese carbon
emission exchange in the observation year, and zero otherwise. That is, the variable CCET
only equals one when a firm-year observation in the research sample belongs to both
the treat group and the policy implementing period at the same time, and thus in the
DID research design, the regression coefficient of the variable CCET actually captures the
net impact of China’ carbon emission trading pilot. The dependent variable Envscore
represents the quality of a company’s environmental-related sustainable development
practices, empirically ranked by Bloomberg. The control variables include the natural
logarithm of the firm’s yearly revenue (Size), the year-end leverage ratio (Lev), the return
on total assets (ROA), the independent director ratio (Independent), and whether the
company is deemed the key pollution monitoring unit by the local government (Pollution).
Year and Ind are dummy variables controlling the year and industrial effects, while ε is the
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residual term. Table 1 presents detailed calculations of all dependent, independent, and
control variables. The coefficient α1 is what we are interested in, and it is expected to be
significantly positive.

Table 1. Variable calculations.

Variable Measurement Method

Envscore Dependent variable equals the firm’s environmental score ranked by the
Bloomberg ESG rating system

CCET
Independent variable equals 1 if the listed company is selected to participate in

the Chinese carbon emission trading pilot in the observation year, and 0
otherwise

Size Corporate size equals the natural logarithm of a firm’s total revenue

Lev Year-end corporate leverage level equals the year-end total liabilities/year-end
total assets

ROA Return on assets equals the net income/average total assets

Independent Proportion of independent directors in the company equals the number of
independent directors/the number of total directors

Pollution High-pollution entity indicator equals 1 if the company is deemed a pollution
monitoring unit by the local government, and 0 otherwise

Year Year dummy
Ind Industry dummy

Source: CSMAR (China Stock Market and Accounting Research) database, WIND database.

3.2. Sample Selection

Data regarding the participation status of the Chinese companies in the carbon emis-
sion trading pilot are collected from official websites of Chinese carbon emission exchanges
(Shenzhen, Shanghai, Beijing, Guangzhou, Tianjin, Hubei, Chongqing, and Fujian) and
from CSMAR (China Stock Market and Accounting Research) database, while the compa-
nies’ annual environmental scores are gathered from the Bloomberg ESG rating system.
Other firm-level data are collected from the CSMAR and WIND databases. Consider-
ing the pilot implementation period and also to eliminate the influences caused by the
COVID pandemic, we select firm-year data from 2011 to 2019. Before constructing the
research sample, we implement the following procedures: (1) all firms operating in the
financial sector are excluded; (2) firms that are labeled “ST” (special treatment) or “PT”
(particular transfer) by capital market regulators in the observation year are then excluded;
(3) observations with missing data are also excluded. The final research sample consists of
7084 observations. To mitigate the potential impacts caused by extreme values, all continu-
ous data are Winsorized at both the upper and lower 1% level. Table 2 below summarizes
our data extraction process.

Table 2. Data extraction process.

Extraction Process Firm-Year Observations

Original firm-year data from 2011 to 2019 7763
Excluding data from financial sectors 7389

Excluding ST or PT firms 7124
Excluding observations with missing data 7084

Final research sample 7084
Source: Authors.

4. Empirical Results
4.1. Descriptive Statistics

Table 3 presents the descriptive statistics of our sample. On average, from 2011 to
2019, only 4% of the Chinese listed companies were required to participate in the carbon
emission trading pilot, while around 25% of the listed companies were deemed pollution-
monitoring units. Ranked according to the Bloomberg ESG rating standards, the companies’
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environmental scores differed largely, from 2.08 to 41.09, with a standard deviation of
7.32 and 9.30 as the median level, respectively. The mean values of the variable Lev and the
variable ROA are 0.48 and 0.05, respectively, and the average independent ratio of all the
companies in our research sample is about 40%.

Table 3. Descriptive statistics.

Variable N Mean Std. Dev Min. Med. Max.

Envscore 7084 10.57 7.32 2.08 9.30 41.09
CCET 7084 0.04 0.19 0.00 0.00 1.00
Size 7084 22.50 1.44 19.37 22.40 26.40
Lev 7084 0.48 0.20 0.07 0.50 0.87

ROA 7084 0.05 0.06 −0.17 0.04 0.24
Independent 7084 0.38 0.07 0.25 0.36 0.60

Pollution 7084 0.25 0.43 0.00 0.00 1.00

4.2. Baseline Regression Results

We first use the OLS (ordinary least square) method to regress our baseline Model (1)
and provide regression results in Table 4. A significantly positive coefficient of the variable
CCET illustrates that, consistent with our hypothesis, companies generally perform better
in their environmental-related operating activities after they are required to take part in the
carbon emission trading pilot, compared with companies not selected.

Table 4. Baseline regression results.

Variable Envscore

CCET 1.437 ***
(2.70)

Size 2.087 ***
(26.95)

Lev −3.708 ***
(−6.54)

ROA −5.237 ***
(−3.57)

Independent 0.552
(0.52)

Pollution 1.648 ***
(7.11)

Constant −34.337 ***
(−20.52)

Year and Ind Controlled
N 7084

Adj. R2 0.218
***, represents the 1% level of significance. T-values are presented beneath the coefficient estimates in parentheses.

4.3. Robustness Tests

Theoretically, regression results may be influenced by technical factors such as regres-
sion methods and research sample selections. To mitigate such endogenous concerns about
our baseline results, we implemented three robustness tests in this section.

4.3.1. Firm-Level Fixed Effect Regression

Compared with the OLS method, the fixed-effect model can mitigate the potential
influences brought by companies’ individual specific characteristics in a more effective way.
Therefore, to alleviate concerns that some unobservable factors can also cause significant
impacts on our baseline results, we use firm-level fixed-effect model to retest Model (1) and
provide empirical results in Panel A of Table 5 below. The coefficient of the variable CCET
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is 1.674, and is significant at the 1% level, proving that our baseline results are robust under
different regression methods.

4.3.2. Excluding Observations in and after 2015

An alternative explanation of the baseline results states that the observed significant
influences can be brought by the Chinese new Environmental Protection Law, implemented
from the beginning of 2015. As another essential institutional change in the environmental
protection practices in China, the new Environmental Protection Law distinctly raises both
the financial and the administrative costs of companies’ environment-polluting behaviors.
Therefore, under the regulatory pressures of a stricter Law, the listed companies, especially
those already selected in the carbon emission trading pilot, are more likely to take actions
to reduce their original pollution levels and thus get higher environmental rankings by
capital market participants.

Considering that the implementation overlaps between our focused policy and the
new Environmental Protection Law, we exclude firm-year observations in and after 2015
to further strengthen our baseline results. The regression sample in this robustness test
consists of 1829 firm-year observations from 2011 to 2014. The regression results shown in
Panel B of Table 5 prove the validity of our main findings in Table 4.

Table 5. Robustness: Firm-level fixed-effect regression and the excluding observations in and
after 2015.

Variable
Panel A: Firm-Level Fixed Effect Panel B: Excluding Observations

in and after 2015

Envscore Envscore

CCET 1.674 *** 2.410 **
(3.01) (2.00)

Size 0.577 *** 1.480 ***
(3.46) (12.62)

Lev 0.642 −5.949 ***
(0.86) (−5.91)

ROA 3.040 ** −10.549 ***
(2.20) (−4.14)

Independent −1.951 ** −2.123
(−2.12) (−1.29)

Pollution 1.579 *** 0.166
(8.10) (0.32)

Constant −2.572 −18.745 ***
(−0.71) (−7.86)

Year and Ind Controlled Controlled
N 7063 1829

Adj. R2 0.681 0.178
***, **, represent the 1%, and 5% level of significance, respectively. T-values are presented beneath the coefficient
estimates in parentheses.

4.3.3. Propensity Score Matching (PSM) Method

As whether to participate in the carbon emission trading pilot is not decided by the
companies themselves, it may cause concerns that only companies with a higher or lower
environmental performance are affected by the pilot, potentially raising severe endogeneity
problems that our baseline results are simply caused by the ex-ante selection procedure. To
empirically alleviate such endogeneity concern, we deem companies in the carbon emission
trading pilot as the treat group and then use the propensity score matching method to
choose the companies that have similarities to the treat group, but are not selected in the
pilot as the control group.

Considering that government agencies such as the carbon emission exchanges may
revise the carbon emission regulatory lists every year, to clearly identify each company’s
first year in participating in the pilot, we require that companies in the study group have
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successive trading data from their first year in the pilot to the year of 2019. Then, we use
the variable Size, Lev, Independent, and Pollution as the matching variables to choose the
control group from all industries where the study companies are operating. Specifically, for
every company in the study group, we chose one company as its matched sample. Next,
setting the year in which a company is selected to participate in the carbon emission trading
pilot at its first time as its year zero, Figure 2 shows the trend of the dependent variable
Env_score between the treat and the control group. Clearly, before the pilot, a stale trend is
shown between the two groups, while the trend difference becomes bigger after the study
group is affected by the pilot.
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To ensure robustness, we implemented both the OLS and the firm-level fixed methods
to examine our baseline results using the PSM sample and show empirical results in Panel A
of Table 6. Significant positive coefficients of the variable CCET illustrate that our baseline
results are statistically solid. We also provide results of the sample balance test in Panel B
of Table 6 to present more details of the PSM method. Comparing the t-values before and
after the PSM procedure, it is obvious that variable differences between the study and the
control group have been effectively minimized by the PSM method.

Table 6. Robustness: Propensity score matching method.

Variable

Panel A: PSM Method Panel B: Sample Balance Test

OLS FE
PSM Treat Control T-Value

Envscore Envscore

CCET 1.472 ** 1.710 **
(2.02) (2.39)

Size 2.663 *** 0.964 Before 23.619 23.118 8.96 ***
(10.48) (1.20) After 23.523 23.231 2.96 ***

Lev −5.352 *** 3.973 * Before 0.500 0.482 2.13 **
(−2.70) (1.80) After 0.469 0.466 0.20

ROA −18.581 *** 4.582 Before 0.051 0.046 2.24 ***
(−3.87) (1.00) After 0.056 0.055 0.37

Independent 0.092 −0.655 Before 0.387 0.378 2.77 ***
(0.02) (−0.22) After 0.391 0.384 1.22

Pollution 2.856 *** 2.782 *** Before 0.285 0.242 2.31 **
(3.69) (4.66) After 0.278 0.270 0.26

Constant −43.934 *** −12.293
(−8.00) (−0.67)

Year and Ind Controlled Controlled
N 831 829

Adj. R2 0.366 0.742
***, **, * represent the 1%, 5%, and 10% level of significance, respectively. T-values are presented beneath the
coefficient estimates in parentheses.
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Then, for companies in the PSM sample, we assume that the carbon emission trading
pilot begins one year later than its real year and use the placebo test method to alleviate
the potential concerns that the significant effect of the pilot can be caused by time trends
or by non-observable factors. In the placebo test section, an insignificant coefficient of the
variable CCET is expected if our hypothesized causality does exist. Table 7 below shows
the results of the placebo tests. Insignificant coefficients of the variable CCET under both
the OLS and the firm-level fixed effect regression methods further strengthen the validity
of the PSM test.

Table 7. Robustness: PSM method—Placebo test.

Variable
OLS FE

Envscore Envscore

CCET 0.653 0.259
(0.82) (0.32)

Size 3.249 *** 2.094 **
(10.82) (2.49)

Lev −3.907 −2.851
(−1.50) (−1.16)

ROA −7.736 15.262 ***
(−1.32) (2.69)

Independent 1.900 −4.664
(0.53) (−1.44)

Pollution 1.848 ** 2.383 ***
(2.29) (3.46)

Constant −63.444 *** −33.634 *
(−9.97) (−1.76)

Year and Ind Controlled Controlled
N 788 786

Adj. R2 0.311 0.741
***, **, * represent the 1%, 5%, and 10% level of significance, respectively. T-values are presented beneath the
coefficient estimates in parentheses.

4.4. Influential Mechanism Analyses

As stated in the Section 2.3, the current literature finds that, when facing carbon emis-
sion reduction pressures from market regulators, companies will mainly choose to lower
their production levels or make more investments in environmental protection aspects
such as energy-saving facilitates, as well as green technological innovations [48,49]. Never-
theless, compared with directly reducing production levels to satisfy the carbon emission
requirements, making a green investment need both the financial resources and periods
for preparing and implementing, and thus becomes a relatively costly way for companies
to use in the short run [46]. Therefore, one major internal mechanism in explaining how
the selected companies practically improve their environmental performance could be the
lowering production channel, while the hypothesized increasing green investment channel
may play a minor role.

To empirically examine the mediating effect of the two potential channels, following
the model specification method used by Baron and Kenny [50], we construct Model (2) and
Model (3), as shown below. The variable Production and the variable Envinv represent a
company’s production level and environmental investment amount, respectively. Original
financial data were collected from the CSMAR database. For the variable Production, we
first use the basic accounting equation to estimate a company’s production amount, and
then divide it by the firm’s year-end total asset value to complete the calculation. For the
variable Envinv, we use the natural logarithmic form of each company’s environmental
protection investment amount published in its annual reports.

According to the basic principles of the mediating effect test and based on the regres-
sion results of Model (1), the hypothesized influential mechanism holds if the coefficient of
the variable CCET in Model (2) and the coefficient of the variable Production (Envinv) in
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Model (3) are all significant. Specifically, for the lowering production channel to be valid,
both α1 in Model (2) and α2 in Model (3) should be significantly negative. However, for the
increasing green investment channel to be empirically reliable, both α1 in Model (2) and α2
in Model (3) should be significantly positive.

Productioni,t (Envinvi,t) = α0 + α1CCETi,t + α2Sizei,t + α3Levi,t + α4ROAi,t + α5Independenti,t + α6Pollutioni,t +
Year + Ind + ε

(2)

Envscorei,t = α0 + α1CCETi,t + α2Production i,t (Envinvi,t) + α3Sizei,t + α4Levi,t + α5ROAi,t + α6Independenti,t +
α7Pollutioni,t + Year + Ind + ε

(3)

Panel A and Panel B in Table 8 present the mediating effect examines of the lowering
production level channel and the increasing green investment channel, respectively. Both
the regression coefficients and the Sobel test results illustrate that only the lowering pro-
duction level channel is statistically valid. However, although the regression coefficient
of the variable Envinv in Panel B is statistically positive at the 1% level, the insignificant
coefficient of the variable CCET in Model (2) suggests that companies generally do not
choose to raise their green investment levels when they are in the carbon emission trading
pilot, even though such investments are likely to be favorably evaluated by professional
market institutions.

Table 8. Influential mechanism analyses.

Panel A: Lowering Production Level Panel B: Increasing Green Investment

Variable Production Envscore Variable Envinv Envscore

CCET −0.041 ** 1.345 ** CCET 0.089 1.389 ***
(−2.46) (2.53) (0.54) (2.63)

Production −2.014 *** Envinv 0.540 ***
(−7.32) (12.32)

Size 0.129 *** 2.356 *** Size 0.183 *** 1.988 ***
(32.52) (27.45) (7.12) (25.73)

Lev −0.080 *** −3.966 *** Lev 0.067 −3.744 ***
(−2.63) (−6.94) (0.33) (−6.71)

ROA −0.097 * 0.238 ROA −0.568 −4.930 ***
(−1.81) (0.22) (−1.12) (−3.40)

Independent −0.301 *** −6.047 *** Independent −0.078 0.594
(−3.76) (−4.06) (−0.20) (0.57)

Pollution 0.0001 1.635 *** Pollution 0.725 *** 1.256 ***
(0.01) (7.09) (7.94) (5.47)

Constant −2.150 *** −38.806 *** Constant −3.583 *** −32.401 ***
(−25.68) (−21.75) (−6.60) (−19.32)

Year and Ind Controlled Controlled Year & Ind Controlled Controlled
Sobel 2.330 ** Sobel 0.539

N 7042 7042 N 7084 7084
Adj. R2 0.379 0.226 Adj. R2 0.099 0.247

***, **, * represent the 1%, 5%, and 10% level of significance, respectively. T-values are presented be-neath the
coefficient estimates in parentheses.

4.5. Moderating Effect Analyses

While the effectiveness of the carbon emission trading scheme has been generally
proven to sustainably meet the government targets regarding environmental protection and
carbon neutrality in the long term, amplifying the influences of the carbon emission trading
scheme have become an emerging topic for further studies. Existing literature discusses the
synergistic effects of trading rules, including carbon prices and emission quota allocation
methods set by the carbon trading scheme [5,17,47]. We focus on two potential firm-level
moderating factors in this section, namely the environmental pressure and the internal
control quality, respectively.
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In both the theoretical and the practical aspects, stricter environmental regulations
will make companies put more resources into achieving environmental goals [37]. Reasons
behind such reality come from two aspects: the first one is that government entities will
pay closer supervision attentions to companies causing severe or wide-range pollutions,
using an administrative means to increase corporate environmental pressures [36]; and the
second one is that capital market stakeholders, such as investors, consumers, suppliers, and
social media will consider heavy-polluting enterprises as the counterparts experiencing
high compliance risks, and further rely on market-based methods to push companies to
chase improved environmental performance. Thus, when facing greater environmental
pressures caused by previous polluting activities, enterprises are more urgent to promote
environmental performance under a new regulation such as the carbon emission trading
scheme.

In addition, better internal control quality may synergize the carbon emission trading
scheme in promoting corporate environmental performance in two ways: first, internal
control effectiveness is positively correlated with corporate operational and investment effi-
ciency [51,52], securing companies’ high-quality responses in dealing with environmental
drawbacks; and second, since the information asymmetry problem is less severe in compa-
nies with better internal control quality, market participants are usually willing to provide
companies with more financial resources and trusts in disclosed information [53,54], and
thus help companies enhance their environmental performance under sudden regulatory
changes.

Based on the analyses above, we propose that higher environmental pressures and
better internal control quality have synergistic effects on the connection between the
Chinese carbon emission trading pilot and corporate environmental performance. To
empirically examine the moderating effects, we construct Model (4) as follows:

Envscorei,t = α0 + α1CCETi,t × EPi,t (ICi,t) + α2CCETi,t + α3Epi,t (ICi,t) + α4Sizei,t + α5Levi,t + α6ROAi,t +
α7Independenti,t + α8Pollutioni,t + Year + Ind + ε

(4)

where the variable EP and the variable IC represent environmental pressure and internal
control quality of the Chinese listed companies, respectively. We collected the annual
government charges on the companies’ emitted air pollutants as the original data source
to calculate the variable EP. Specifically, the ratio of the air pollutant charge to revenue is
used to distinguish companies with higher environmental pressures and those with lower
pressures. If a company’s air pollutant charge ratio is higher than the industrial median
level in the observation year, then the variable EP of that company equals to one, and is
zero otherwise. Similarly, after gathering the original internal control quality index from
the DIB database, we set the variable IC to one if a company’s internal control quality is
ranked above the industrial level where the company operates in the observation year,
and to zero otherwise. In this section, the regression coefficient of the interaction term
CCET × EP (IC) captures the combined effects of the carbon emission trading pilot and the
listed companies’ characteristics.

While excluding the firm-year observations with the missing data, we use both the
OLS and firm-level fixed-effect methods to further ensure robustness. The regression results
regarding the moderating effects of the companies’ environmental pressures and internal
control qualities are shown in Panel A and Panel B of Table 9, respectively. Significantly posi-
tive coefficients of interaction terms suggest that the carbon emission trading pilot will have
greater improvements on the companies’ environmental performance when the companies
are facing greater environmental pressures or have higher internal control qualities.
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Table 9. Moderating effect analyses.

Panel A: Companies’ Environmental Pressures Panel B: Companies’ Internal Control Quality

Variable
Envscore Envscore

Variable
Envinv Envscore

OLS FE OLS FE

CCET × EP 3.653 *** 1.420 * CCET × IC 3.302 *** 1.759 **
(3.34) (1.90) (3.28) (2.51)

CCET −0.135 1.387 ** CCET −0.380 0.731
(−0.19) (1.99) (−0.59) (1.14)

EP −0.195 −0.085 IC 0.039 −0.128
(−1.07) (−0.63) (0.23) (−1.10)

Size 2.275 *** 0.614 *** Size 2.075 *** 0.582 ***
(25.25) (2.85) (26.27) (3.48)

Lev −4.454 *** 0.121 Lev −3.713 *** 0.675
(−6.59) (0.13) (−6.53) (0.90)

ROA −7.296 *** 2.570 ROA −5.792 *** 2.951 **
(−4.20) (1.45) (−3.78) (2.07)

Independent 0.024 −2.456 ** Independent 0.510 −2.001 **
(0.02) (−2.28) (0.48) (−2.18)

Pollution 1.477 *** 1.393 *** Pollution 1.658 *** 1.584 ***
(5.85) (6.58) (7.13) (8.12)

Constant −34.872 *** −2.357 Constant −34.020 *** −2.605
(−19.84) (−0.51) (−20.03) (−0.72)

Year and Ind Controlled Controlled Year & Ind Controlled Controlled
N 5747 5733 N 7065 7041

Adj. R2 0.215 0.720 Adj. R2 0.221 0.728

***, **, * represent 1 the %, 5%, and 10% level of significance, respectively. T-values are presented be-neath the
coefficient estimates in parentheses.

5. Discussion

We present empirical evidence on whether and how the Chinese carbon emission trad-
ing pilot affects the listed companies’ market-ranked environmental performance, and thus
extend related research scope from the capital market evaluation perspective. Still, similar
with exiting literature, e.g., [4–9], the ultimate goal of this study is to examine whether and
how the carbon emission trading pilot causes influences on regulated companies within
the Chinese capital market. Overall, we present additional favorable results on China’s
first market-incentive carbon-reducing regulatory practices, stating that compared with
the companies not required to participate in the pilot, regulated companies will lower
their production level and therefore achieve higher environmental performance ranked
by the rating institution in the capital market. For the companies not regulated by the
pilot, their environmental performance shows no significant changes during our research
period, as shown in Figure 2. However, our main results do not deny the identified carbon
leakage effect [10], in that the regulated listed companies may not choose another listed
company for potential carbon emission transferring, even though the company has not
been regulated by the pilot. Instead, potential carbon emission outsourcing activities may
be empirically found between the regulated companies and their affiliated enterprises, of
which the data are not observable at the current stage.

One limitation of this article exists in exploring how capital market institutions actu-
ally use and evaluate corporate environmental performance data in their rating system.
Although ordinary rating considerations and rating results are commonly available to the
public, researchers would shed more light on the original processes of turning environ-
mental regulatory policies to incremental value-adding information in the capital market
if they were accessible to the actual rating practices in capital market institutions. We
thus hope that further studies will provide complements to this limitation in the topic, by
implementing field or case studies.
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Besides proving the validity of our research topic, the regression results also suggest
some potential directions for future research. For example, the regression coefficient of
the variable CCET in Panel A of Table 8 remains significant when examining the lowering
production channel, implying that there may be other influential mechanisms that can
explain the connection between the carbon emission trading pilot and the Chinese listed
companies’ environmental performance. Alongside that, from the mediating effect analyses,
it is worth noticing that when dealing with environmental regulations, the Chinese listed
companies generally tend to be short-sighted in choosing not to invest in green innovation
activities, but to simply lower their production levels instead. We speculate that such
an unsustainable situation might be influenced by some immature rules in the carbon
emission trading pilot, and we thus suggest for further studies to keep up with this
potential direction in finding internal reasons and improvement measures. Moreover,
future research may focus on potential connections between other institutional changes
and companies’ environmental-related behaviors, or consider comparing carbon-emission-
reducing practices among various capital markets as a feasible starting point.

6. Conclusions

Using data of the Chinese A-share listed companies from 2011 to 2019, we empirically
examine the potential connections between the Chinese carbon emission trading pilot
and companies’ environmental performance. The main results reveal that companies will
improve their environmental performance after they are selected to participate in the pilot.
Several robustness tests are also implemented to prove the validity of our conclusions.
Second, influential mechanism analyses illustrate that the lowering production channel
plays an essential role in explaining our identified connections, while the explanatory
power of the increasing green investment channel is not salient. Third, the results of the
moderating effect tests indicate that, along with the development of the carbon emission
trading market, regulators can also put efforts on strengthening environmental regulation
enforcement and improving corporate internal governance to maximize favorable impacts
of environmentally friendly policies.

Based on the main findings in this study, the implications for future environmental reg-
ulatory practices may include improving the listed companies’ environmental performance
in the long-term, more environmental regulations either encouraging or requiring compa-
nies’ environmental protection activities that can be carefully designed and implemented
in the future, as such market- or administrative-incentive regulations are likely to cause
significant influences on the listed companies’ operating decisions. Second, it is noticeable
that under environmental regulation that may bring an additional economic burden, the
listed companies generally promote their environmental performance at the cost of directly
lowering the production levels, instead of making long-term green investments. This
phenomenon should be further improved by regulatory adjustments such as providing
subsidies for companies to equip greener facilities and setting a transitional period for
companies to better prepare for stricter environmental regulations, since sustainable devel-
opment requires finding a balance point between companies’ economic benefit chasing and
environmental protection activities. Third, ensuring environmental law enforcement and
making companies build a better internal governance system are also essential for well-
designed environmental policy to play a strengthened role. Thus, regulators in both legal
institutions and the capital market are advised to further provide high-quality supportive
mechanisms in promoting the effectiveness of well-designed environmental policies.
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