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The carbon emission trading scheme (ETS) is an important measure to
implement China’'s “double carbon” strategy.We use “China’s carbon
emission trading pilot policy” as a quasi-natural experiment to identify
theeffect of this market-based environmental regulation on a firm's
export and its impacting mechanisms.Based on the Propensity score
matching and difference-in-differences (PSM-DID) method, we observe
robust evidence that the carbon emissions trading pilot policy
significantly increases the export of regulated firms. And also find that
this policy positivelyaffects the exports of both SOEs and non-SOEs.
Considering enterprise heterogeneity, the policy positivelyimpacts the
exports of FDI firms, large firms, and low industrial concentrations.
Moreover, we examine how environmental regulation could affect
firmexport through technological innovation, productivity, and product
research. The observable evidence leads us to cautiously conclude
thatmarket-based environmental regulations in even developing countries
could achieve export growth.Based on our findings, we suggest that: 1)
policymakers should limit CO, emissions quotas to ensure an appropriate
increase in the price of CO, emissions; 2) to design a unified carbon ETS
market, researchers should explore ways to activate market-oriented
environmental regulation tools based on the carbon emission price.

KEYWORDS

Carbon emission trading program, market-basedenvironmentalregulation, firm
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1 Introduction

Since the reform and opening up in 1979, China’s foreign
trade has developed rapidly and gradually become a vital driving
force in promoting the development of China’s national
economy. In 2020, China’s total imports and exports will
equal more than 30% of GDP, a higher proportion than that
of economies such as the United States and Japan. However,
China’s reliance on exports to drive its economic development
has also come with excessive energy consumption and substantial
environmental problem (Li et al., 2018; Shi and Xu, 2018; Chen
and Qiao, 2022; Jahanger et al., 2022). In 2013, China consumed
almost as much coal as the rest of the world combined. This coal
burning will result in China’s carbon dioxide (CO,) emissions
reaching 1 billion tons, or 27% of global CO, emissions
(Friedlingstein et al, 2014). Such massive carbon emissions
have put enormous pressure on China to reduce carbon
emissions. It is challenging to realize the demand for green
and sustainable development through traditional economic
growth methods (Zheng and Kahn, 2017; Usman et al., 2022).
In response to environmental challenges and climate change, the
Chinese government has implemented various environmental
regulation measures to combat environmental issues and
promote sustainable economic growth. For Example, the law
on the prevention and control of air pollution, the environmental
protection act, and the environmental air quality standard.
Besides the command-and-control regulatory approach, the
Chinese government has attempted to achieve environmental
governance and protection goals through a market-based
environmental regulation tool.Notably, the CO, emissions
trading scheme aimed to provide economicincentives for
their
mechanisms to achieve emission reduction targets cost-

polluters and change behavior through market
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effectively (Fang et al., 2019). Evidence indicates that market-
based environmental regulation has played a significant role in
environmental protection in China (Yu et al., 2019; Jiang et al.,
2022), and CO2 emissions show a relatively steady decline (Hu
etal., 2020). However, there is surprisingly little consensus on the
impact of these environmental policies on economic activity,
especially on exports. Therefore, it is worth exploring how
environmental regulations affect export in Chinese firms and
the potential mechanisms.According to the world bank (2021),
the contribution of China nation to CO, (per capitaboosts from
1.914in 1990 to 7.60in 2019 (WB, 2007). (Figure 1).

In recent years, with the gradual improvement of the
ecological environment, people began to pay attention to the
impact of environmental regulations on economic growth,
among which the effect of environmental regulations on
enterprise exports has become one of the focuses of attention.
Neoclassical economic theory suggests that environmental
regulations internalize the external pollution faced by firms,
which can increase firms’ costs and reduce their international
competitiveness, negatively impacting firms’ exports (Copeland
and Tailor, 1994; Busse, 2015; Olivier, 2016; Pattnayak et al.,
2022; Usman and Jahanger, 2021; Kamal et al., 2021).When a
country has a lower level of environmental regulations than its
trading partners, it has a comparative advantage in producing
polluting products. However, in countries with stricter
environmental regulations, the production costs of polluting
industries are relatively high, thus discouraging exports and
foreign capital flows to these industries. Copeland and Taylor
(2004) call this the “pollution haven effect” (PHE).

Proponents of environmental regulation argue that, however,
the environment and export can benefit from environmental
regulations.It is believed that environmental regulation will force
enterprises to innovate, actively adopt green technology, produce

Carbon emissions (Metric tons per capita)

FIGURE 1
A graphical figure of the CO, trend inChina’s economy.
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clean products, reduce technical barriers to international trade,
gain comparative advantage, and ultimately benefit exports
(Porter Der Linde, 1995).
researchers support this hypothesis (e.g, Costantini and
Mazzanti, 2012; Yang et al., 2012; Rubashkina et al., 2015;
Zhang et al,, 2017; Liu and Li, 2022).

In addition, others argue, based on empirical findings, that

and Van Many empirical

the impact of environmental regulation on exports is uncertain
(Harris et al., 2002; Kolk, 2016; Bu and Wagner, 2016; Dong et al.,
2022). Tt is argued that environmental regulation may not
significantly impact firms’ export trade activities if the cost of
environmental regulation is a small proportion of the firm’s total
cost. In contrast, the Porter hypothesis suggests that only
appropriate or effective environmental regulations can
stimulate firms to choose technological innovation.

Overall, the existing literature provides the necessary
foundation for the study in this paper. However, most of
these studies focus on the impact of command-and-control
environmental policies on export (Levinson and Taylor, 2008;
Hanna, 2010; Millimet and Roy, 2013; Greenstone et al., 2012;
Hering and Poncet, 2014; Shi and Xu, 2018; Zhang et al., 2020).
However, the literature on the impact of carbon emissions
trading, a typical market-based environmental regulatory
policy, on exports is scarce. It is worth noting that, probably
due to a lack of data, prior literature has explored the relationship
between environmental regulation and firms’ exports at the
macro level. In contrast, relatively few studies have been
conducted at the micro level. Therefore, toachieve a rigorous
empirical test on the causal relationship between market-
exports, this paper
constructs a PSM-DID model based on the National Tax
Survey database of China from 2010-2018 to examine the

oriented low-carbon policies and

impact of China’s carbon emissions trading policies on
exports and the mechanism.These results suggest that China’s
carbon emissions trading policiessignificantly increase the export
of regulated firms. Our results hold up to a battery of robustness
tests, such as a placebo test with a random assignment of the pilot
firms, the exclusion of other trading policies, and a counterfactual
check for pre-existing trends. And alsofind that this policy
positivelyaffects the exports of both SOEs and non-SOEs.
Considering enterprise heterogeneity, the policy positively
impacts exports of FDI firms, large firms, and low industrial
concentrations. Moreover, we examine how environmental
regulation could affect firm export through technological
innovation, productivity, and product research.

This paper contributes to the literature in three important
ways.First, to the best of our knowledge, this study constitutes the
first attempt to investigate the impact of the emissions trading
program on export in a developing country. The existing
literature has focused on the effects of carbon trading pilot
policies on carbon emissions, air pollution emissions, carbon
intensity, and low-carbon technologies (Clarkson et al., 2015; Mo
et al., 2016; Hu et al., 2020; Ji et al., 2021; Zhang et al., 2022).
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However, there is a lack of research on the linkages between
market-oriented low-carbon policies represented by carbon
trading pilot policies and exports. Second, in terms of the
selection of the research sample, previous studies are mainly
based on the perspectives ofthe macro-level data (Hering and
Poncet, 2014; Shi and Xu, 2018), and there may be systematic
measurement errors and potential endogenous biases (Berman
and Bui 2001; Xie and Zhou, 2022).this paper chooses the
National Tax Survey database of China, which is more helpful
for studying the impact of carbon emission policies on exports at
the micro level and, to a certain extent, avoids the possible
aggregation bias of using regional and industry-level
data.Finally, this paper also empirically identifies this pilot
policy’s heterogeneity and mechanisms of action affecting
firms’ exports, which further enriches the empirical evidence
on the impact of market-based environmental regulations on
firms’ exports.

The remainder of this paper is organized as follows: The next
sectionsummarizes the related literature and background of
China’s carbon emissions trading pilot. Section 3 introduces
the data and the econometric methodology; Section 4 presents

the regression results; The last section concludes the paper.

2 Related literature and
institutionalbackground

2.1 Environmental regulation and firm
exports

The impact of environmental regulation on firm export has
received significant attention in the past decades. Theoretically,
the effect of environmental regulation on export may exist from
three research perspectives. First, the disadvantage theory is
based on the pollution haven effect (PHE). It is argued that
pollution cost is an essential element of enterprise production. If
the pollution cost is small, the producer can fully use this
production factor. In contrast, strict environmental regulations
will increase the production cost of enterprises and weaken their
international competitiveness, so regions with lax environmental
regulations are more attractive to enterprises (Markusen et al.,
1993; Christmann and Taylor, 2001; Copeland and Taylor, 2004;
Shin, 2004; Ollivier, 2016). Blackman et al. (2010) used over
100,000 plant-level data from Mexico to analyze the impact of the
National Clean Industry Program (NCIP) impact. They showed
that although the NCIP attracted firms, it did not produce actual
sustained environmental performance because environmental
thereby
inhibiting further (2014)
conducted an empirical analysis from the perspective of the
two control zone policies using data from 265 Chinese cities.
They concluded that the environmental regulation policies in the

regulations increased firms® production costs,

growth. Hering and Poncet

two control zones significantly inhibit exports. Shi and Xu (2018)
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estimate the impact of environmental regulations on firms’
exports using a triple difference method and find that stricter
environmental regulations in pollution-intensive industries
reduce the likelihood of firms exporting and the volume of
exports. Gao et al. (2019) assessed the effect of environmental
tax shocks on Chinese exports. The results showed that it would
boost the decline of China’s exports.

Second, the favorable theory is based on the idea of induced
innovation. Porter and Linde (1995) claim that environmental
regulation will force firms to innovate, actively adopt green
technology, and produce clean products, which reduces
technical barriers to international trade, acquires comparative
advantage, and ultimately benefits exports. From a dynamic
perspective, a reasonably designed environmental regulation
can stimulate regulated firms to innovate technologically and
achieve a “win-win” situation in which environmental
improvement and competitiveness are enhanced (Porter,
1991).Indeed, many that

regulations positively impact firm export. For example,

studies argue environmental
Costantini and Crespi (2008) used the gravity model to verify
PH, arguing that environmental regulation and the national
Strict

environmental regulation was a key driving factor of export

innovation  system complemented each other.
performance for energy technology enterprises (Costantini
and Mazzanti, 2012). Rubashkina et al. (2015) found that
environmental regulations did not negatively affect the export
that

environmental regulations promote technological innovation

competitiveness of manufacturing industries and
and increase trade size. Yang et al. (2012) found a robust
positive relationship between environmental regulation and
which

productivity resulting in increased export trade (Xie and

firm  innovation, significantly  increases  firm
Zhou2022Zhou  2022). found evidence of a positive and
statistically significant impact of environmental information
disclosure on firm export value and export intensity in cleaner
production industries of cities with higher environmental
information disclosure.

Third, the combined effect of “innovation compensation
effect” and “compliance cost.” Recognizing the combined
effect of pollution haven effect and induced innovation makes
the dual effect of “race to the bottom” and “race to the top” co-
exist (Greenstone et al., 2012; Kolk, 2016; Bu and Wagner, 2016;
Yang et al,, 2021). Environmental regulation will contribute to a
positive export effect when the positive effect of technological
innovation induced by environmental regulation is more
significant than firms’ investment cost to meet environmental
standards. Therefore, there is uncertainty about the effect of
environmental regulation on firms® export behavior.The
“uncertainty hypothesis” is also supported by some research
findings. For instance, Tobey (1990) first studied pollution-
intensive industries in 23 countries using the HOV model and
found that environmental regulation did not significantly affect

trade patterns (Cole and Elliott 2005). find a limited impact of
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environmental regulations on trade flows using data from
60 countries in 1995. Arouri et al. (2012) also find that
environmental regulations do not significantly affect total
export trade and that there is not necessarily a statistically
relationship  between  environmental

significant  logical

regulations and export trade.

2.2 Institutional background

Over the past few decades, emissions trading systems have
played an increasingly important role in environmental
governance. As the most potent international carbon trading
mechanism, the EU carbon emission trading system was
established in 2005, covering all EU Member States and
traders involved in about 11,000 factories.The EU carbon
trading mechanism follows the principle of “limit and trade”
and issues carbon emission quotas to enterprises according to the
total amount of carbon emission specified yearly. As early as
2003, the United States established the Chicago Climate
Exchange, which mainly provides trading services for ten
states and voluntary emission reduction enterprises
undertaking voluntary emission reduction tasks. As the
the

United States has established a relatively mature regional

world’s  second-largest  carbon  trading  market,
carbon trading market system, including all six greenhouse
gases, such as sulfur dioxide. Japan, South Korea, Brazil,
Mexico, and Chile have independent carbon trading systems.
At present, 74 countries or regions in the world price carbon
through a carbon emission trading system or carbon tax,
covering 20% of the world’s 11 billion tons of carbon
emissions, with a total carbon market value of US $44 billion
(World Bank, state and trends of carbon pricing, 2019).

In 2011, the Chinese government approveda carbon emission
trading pilot. Since 2013, carbon trading pilot projects have been
officially launched in Beijing, Tianjin, Shanghai, Chongqing,
Guangdong, Hubei, and Shenzhen to explore establishing
carbon trading systems. In December 2016, Fujian and
Sichuan were added as pilot provinces. At the end of 2017,
China’s unified carbon emission market (power industry) was
officially launched. As of December 2018, more than
20 industries and 3743 critical emission units have been
included in China’s pilot carbon market. The cumulative
carbon emission trading volume is close to 800 million tons,
and the trading volume is more than 11 billion yuan, more than
twice the European carbon market. China has become the world’s
most extensive carbon trading system.Compared with other
countries’ carbon emission trading markets, China’s carbon
emission trading market comprises relatively independent
carbon trading markets in various provinces. According to
China’s “Interim Measures for the Administration of Carbon
Emission Trading,” the State Council’s carbon trading authority
formulates a national quota allocation plan, clarifying the

frontiersin.org
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amount of free allocation by provinces, autonomous regions, and
municipalities directly under the Central Government, and the
number of emission allowances reserved by the state. The critical
emission units in this administrative region issue free assistance,
and other remaining allowances are allowed to be used by the
provincial carbon trading authority for paid allocation. The total
quota control needs to be formulated according to the national
and regional carbon emission control targets. At the same time, it
is necessary to consider the integration of industry enterprise
quotas with national industrial policies and industry plans. If it is
deemed to include de-capacity and de-inventory conditions, it
must, to a certain extent, Reflect the overall policy orientation of
the country. In 2018, the administrative department of China’s
carbon emissions trading management was transferred from the
Development and Reform Commission to the Ministry of
Ecology and Environmental Protection.

From a technical point of view, China’s carbon market has
essentially formed a relative compromise distribution system,
which follows the principles of “unified industry distribution
standard,” “total quota of different regions,” and “flexible
adjustment of reserved quota.” According to the factors such
as greenhouse gas emissions, economic growth, industrial
structure, energy structure, and emission control enterprises,
the total regional quota is determined, and part of the quota
is reserved for paid distribution, market regulation, and major
project construction. In the initial stage, the local allocation was
mainly distributed free of charge, the paid distribution was
the
increased. An emission reduction achieved by “the voluntary

introduced timely, and proportion was gradually
emission reduction project” beyond the coverage of the carbon
market can be certified by the competent department and
registered in the “national voluntary mission reduction
transaction registry system” to obtain CCERs. To offset
emission control enterprises’ emissions, carbon emission
quotas can be traded on the carbon emission quota trading
market. The primary function of introducing CCER into the
carbon market is to encourage enterprises beyond the scope of
the carbon market to carry out energy conservation and emission

reduction to extend the role of the carbon market.

3 Data and empirical strategy

3.1 Data

The data used in this paper are from the National Tax Survey
database of China during the 2010-2018 period, jointly collected
by the State Administration of Taxation and the Ministry of
Finance using a unique information system based on random
sampling. The State Administration of Taxation and the Ministry
of Finance generate stratified samples of the investigated taxpayer
(company) from the annual tax declaration system and stratify
them according to the type of total sales, industry, and taxpayer.
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Then the investigated enterprise will complete the corresponding
investigation information with the assistance of the tax
authorities. Compared with other microdata, it has the
following characteristics. First, since the data set is jointly
collected by the State Administration of Taxation and the
Ministry of Finance, the goal is to control the tax base
information better and assess the impact of tax policies.
Therefore, the basic information on enterprise tax, finance,
and performance obtained is very detailed, especially the tax
information, which covers all tax information involved in the
production and operation of enterprises. The accuracy of the
relevant data is also very high as the tax authorities directly audit
it. Second, the sample size of the data set is significant and
includes large enterprises above the scale and covers a large
number of small- and medium-sized enterprises and start-ups,
which can reflect the heterogeneity of policy effects among
enterprises of different sizes and ages. Finally, the dataset
covers  various industries, including  manufacturing,
agriculture, mining, construction, and service. It is more
representative than the current mainstream micro-enterprise
data set, with a long-time span, and can assess the effects of
policies at different stages.

According to the enterprise name search, we found the
carbon trading pilot enterprises’ organization code to
understand complex exporting behavior in response to
stringent environmental regulations. We then matched the
organization code with the tax survey database to obtain the
list of the carbon emissions trading pilot enterprises in the
National Tax Survey database, which also became the

foundation for subsequent empirical research data.

3.2 Empirical strategies

The identification strategy for the effect of the ETS on
exports has been a matching-adjusted DID that proceeded in
two steps, used for estimation of both the main policy effects
and spillovers. For example, the same strategy has been used to
evaluate the impact of NOX emissions trading in Southern
California (Fowlie et al., 2012) and European Union ETS
(Calel et al., 2016). The first step selected and matched ETS
firms with similar non-ETS firms, conditional on their
observable characteristics, to remove potential biases in
sample selection caused by policy design or other
the the

difference-in-differences between the matched ETS and no-

confounding factors; second step estimated
ETS firms to account for firm-level heterogeneity and time
trends. Matching was the preferred strategy to make the
regulatory status under the ETS appear to be a random
assignment, conditional on the observable characteristics of
firms. The specific method is as follows:

The first step uses the 1:1 nearest neighbor propensity

score matching (PSM) method. The logit model is used to
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TABLE 1 Variable definitions and statistics.

Variables Description

Export (In) The logarithm of export goods sales at the end of the year

Size (In) The logarithm of a firm’s book value of total assets

Age (In) The logarithm of the number of years since the firm’s foundation
Labor (In) The logarithm of the number of employees

Capital Total liabilities are divided by total assets

Wage The ratio of total annual salaries to the number of employees

match the sample year by vyear. Considering that the
enterprises participating in the carbon emissions trading
pilot are increasing vyearly, we wuse 2011 as the
benchmark.The specific steps are as follows: let A = {T, C},
which denotes all sample enterprises in 2011. T is the
treatment group, which is the pilot enterprises participating
in carbon emissions trading between 2014 and 2018; C is the
control group, representing the pilot enterprises not
participating in emissions trading. The matching method is
to find enterprises from the control group (C) year by year that
are incredibly close to the probability of participating in
carbon trading behavior and not participating in carbon
trading pilot behavior to construct a reasonable
counterfactual framework. Thus, this ensures no significant
difference between the treatment and control group firms and
eliminates selectivity bias. It is assumed that the equation for
the probability of an enterprise engaging in carbon trading

behavior is:
P =Pr{A =T} = ¢{X;} (1)

Where P is the probability of enterprises’ participation in the
carbon emissions trading pilot behavior and @{-} is a normal
cumulative distribution function. Xj; is a matching variable
indicating the factors affecting enterprises’ participation in the
carbon emissions trading pilot.

In the second step, a difference-in-differences model
(DID) was estimated by using the treatment group and the
propensity score-matched control group as samples, based on
which the following difference-in-difference model was
constructed:

Export; = fTreat; + 6 X + a; + ¢, + & 2)

Where the explanatory variable Export;denotes the
enterprise export of enterprise i in yeart, Treat denotes
whether enterprise i participates in the carbon emissions
trading pilot in year ¢, Treat = 1 if it does, and 0 otherwise. X
represents a series of control variables,a;is an enterprise fixed
effect,@, is a time fixed effect, and ¢;denotes a random error
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Observation Mean Std Min Max
10193 7.68 5.69 0 18.31
10186 12.60 1.37 2.19 16.08
10179 244 0.57 0 426

10192 6.25 1.08 0.69 7.60

10176 0.61 1.03 -0.59 42.93
9762 7.17 1.17 243 12.96

TABLE 2 The baseline results.

Variables Dependent variable:Export
(1) (2 (3) 4
Treat 0.0416** 0.0446** 0.0335* 0.0328**
(0.011) (0.011) (0.011) (0.011)
Size 0.011 0.009 0.010
(0.009) (0.009) (0.009)
Age -0.0237 —-0.0319 —0.0294
(0.024) (0.024) (0.024)
Capital —0.00746 —-0.00622 —-0.00675
(0.011) (0.011) (0.010)
Labor 0.110%* 0.112%0* 0.1127%*
(0.010) (0.010) (0.010)
Wage 0.158* 0.157* 0.156***
(0.038) (0.037) (0.039)
Constant 0.760*** —-0.0148 0.0204 0.00222
(0.004) (0.122) (0.121) (0.122)
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Industry FE No No Yes Yes
City FE No No No Yes
Observations 10166 9703 9701 9696
R-squared 0.782 0.791 0.795 0.799

Note: Robust standard errors are clustered at the prefecture and year levels.* significant
at 10%; ** significant at 5%; *** significant at 1%.

term.Table 1 presents the definition and summary statistics
of key variables after matching.

4 Empirical results

In this section, we discuss the baseline results for the impacts
of ETS on firms’ exports. To test the stability of the results, we
conduct a series of robustness checks. Finally, we focus on
unveiling the mechanism of how the ETS affects firms’ export.
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FIGURE 2
Comparison of kernel density before and after matching.

4.1 Baseline results

Table 2 shows the estimated results of the PSM-DID
model. In this table, we add firm fixed effects, time fixed
effects, industry fixed effects, and region fixed effects to the
model.The standard errors presented in the parenthesis are
clustered at the firm level.

The results show that the estimated coefficients of the carbon
emissions trading policy on a firm’s export are all positive and
statistically significant at 1%, indicating that the carbon emission
trading pilot policy benefits pilot enterprises to increase their
exports.In column (1), we only include Treat, our regressor of
interest, and firm and year fixed effects. The coefficient of the
regressor is 0.0416 and statistically significant at the 1% level,
indicating that compared with the non-ETS firm, the ETS policy
increased firm exports. In columns (2)-(4), we add some time-
varying firm characteristics that may correlate with our outcome
variable and our regressor of interest. These variables include the
firm’s debt capital ratio, the value of total assets, firm age, average
wage, and the number of employees. The results illustrate that the
effect of ETS policy on firm exports is still significantly positive
and robust. This positive policy impact is around 3.35%,
including further controlled industry-fixed effects, as shown in
column 3) of Table 2. In column (4), the results show added
region-fixed effects, and our interest coefficients remain positive
and statistically significant at the 1% level. This result powerfully
demonstrates that ETS policy avails the export of Chinese
enterprises.

In the following part, we will do some robustness checks on
the identifying assumption of the PSM-DID model we mainly
applied in this paper.

Frontiers in Environmental Science

07

10.3389/fenvs.2022.1035650

Ly \‘r:]
PN
“l'lf \1w
JI]I Y
4 A
{l\
£ 3 l‘| \
[ ’ L\ — Treatment
s | 1  |eaaes
a | \’& Control
21 %
%
\1‘
1 AN
\\_
T,
S i
01 T T T T
00 02 04 06 08
Propensity score after matching
.6 - . T
1 B 1
i = ! i
L e s
= | °
£ i [ T S
D - ! >
S S A
g 1 T H 1 ! J_ 1
B ? : ! T L
g) o ! : ; : L L
& i ? ? i
-2 | i @
1 1 !
n 1
-4 L
5 4 3 =2 o 1 2 3 4
Relative time for Policy Implementation
FIGURE 3

The result of the parallel trend test.

4.1.1 Common support assumption

A balance test on the matched variables is required to ensure
the parallel hypothesis in the PSM-DID model, which requires
that the treatment and control groups do not differ significantly
on the post-matching characteristic variables. If the difference is
significant, the chosen matching method is inappropriate, and
the estimation results tend to be invalid. Figure 2 shows the
kernel density function curves plotted with the nearest neighbor
propensity score matching for the treatment and control groups.
It can be seen that before the kernel matching, the distribution of
the treatment group is loose, while the control group has a left-
skewed and concentrated propensity score. The probability
density distribution of the propensity score of the two groups
is significantly different. After matching, the probability density
distribution of the two groups converged, which indicated that
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The estimated coefficients of randomly assigned treatment
groups.

the characteristics of the two groups were very close after
matching, and the selectivity bias of the samples was eliminated.

4.1.2 Parallel trend assumption

The validity of the results in Table 2 relies on the parallel
trend hypothesis, which means that there is no significantly
different change trend between the pre-reform treatment and
control groups. Therefore, to verify the validity of the DID
model, we followed Beck et al. (2010) and used the event

TABLE 3 The result of other matching methods.

Variables Dependent variable:Export
(1) 1:4 match
treat 0.0416***
(0.009)
Size 0.0266***
(0.007)
Age ~0.0284*
(0.017)
Capital (0.011)
(0.008)
Labor 0.106***
(0.007)
Wage 0.127***
(0.024)
Constant -0.181**
(0.090)
Firm FE Yes
Year FE Yes
Observations 18339
R-squared 0.79

10.3389/fenvs.2022.1035650

analysis method to test the parallel trend hypothesis, setting
the regression equation as follows:

Vi =+ Zi)_sﬂkth + 8,Control; + ¢, + 1, + & (3)

Where D,/ represents a set of dummy variables for whether
or not the firm is a carbon trading pilot firm, the year in which a
carbon trading firm participates will be defined as year 0, and the
4 years before and after its election are examined. Figure 3 shows
parallel trend plots for this paper. The broken curves represent
the trends within the 95% confidence intervalIf they contain
zero, they indicate no significant difference in exportsbetween the
two groups before and after implementing the carbon emissions
trading pilot.

As shown in Figure 3, before the implementation of the
policy, the export of treatment and control groups have the same
trend of change and do not differ significantly. After
implementing the policy, the export of the carbon emissions
trading pilot enterprises increased significantly compared to the
non-participating carbon emissions trading pilot enterprises,
which further proves the validity of the results of the
difference-difference method.

4.1.3 Placebo test

To further enhance the robustness of the results, we refer
to Cai et al. (2016) to construct a dummy variable for the
placebo test by randomly selecting firms participating in the

(2) Caliper match (3) Kernel match

0.0422%+% 0.0441%*
(0.009) (0.009)
0.0268*** 0.0267%**
(0.006) (0.006)
-0.0157 -0.0142
(0.015) (0.015)
0.002 0.002
(0.002) (0.002)
0.105%** 0.1054%*
(0.006) (0.006)
0.142%%* 0.1424%*
(0.027) (0.027)
—0.213%** —0.217%**
(0.078) (0.078)
Yes Yes

Yes Yes
23263 23140
0.786 0.786

Note: Robust standard errors are clustered at the prefecture and year levels.* significant at 10%; ** significant at 5%; *** significant at 1%.
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carbon emissions trading pilot from the total sample of firms
as the treatment group and the rest of firms as the control
group. Since the dummy treatment group is randomly
generated, the placebo test should not significantly affect
the model-dependent variable such as p = 0. To avoid the
interference of other small probability events on the
estimation results, the regression is repeated 500 times with
random sampling for the newly generated treatment and
control groups. As shown in Figure 4, the regression
coefficients of the counterfactual variables are mostly
clustered around the value of zero. In contrast, the
estimated coefficients are outliers in the estimated
coefficients of the placebo test, implying that the dummy
treatment effect constructed in this paper does not exist.
That endogeneity, such as omitted variables or non-
randomness in the selection of objects, does not
significantly change the results. Thus, the rise in firm
export is indeed brought about by the participation of

TABLE 4 The result of excluding the influence of other interfering
policies.

Variables Dependent variable: Export
0y 2 3
treat 0.0417¢ 0.0409*** 0.0437¢
(0.011) (0.011) (0.011)
Size 0.010 0.010 0.011
(0.009) (0.009) (0.009)
Age —-0.0267 —-0.0241 —-0.0242
(0.024) (0.024) (0.024)
Capital —-0.00698 -0.00703 -0.00732
(0.011) (0.011) (0.011)
Labor 0.1110%* 0.112%%* 0.1110%*
(0.010) (0.010) (0.010)
Wage 0.160*** 0.160*** 0.159¢
(0.038) (0.038) (0.038)
Air plan 0.0464
(0.012)
Water plan 0.0722
(0.019)
Tax reform 0.024
(0.019)
Constant —=0.121** —0.102*** —-0.0138
(0.180) (0.178) (0.122)
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 9669 9676 9703
R-squared 0.79 0.78 0.79

Note: Robust standard errors are clustered at the prefecture and year levels.* significant
at 10%; ** significant at 5%; *** significant at 1%.
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enterprises in carbon emissions trading pilots rather than
other opportunity factors or noise.

4.2 Robustness checks

In this section, to address other possible concerns, we further
check the robustness of benchmark results.

4.2.1 Other matching methods

We try various matching methods to match, including a pair
of four nearest neighbors, caliper matching, and kernel matching.
Suppose there is no significant difference in the matching results
obtained by different matching methods, the basic regression is
not interfered with by specific matching methods, and the
research conclusion is robust.

The corresponding results are shown in Table 3. Columns (1)
report the matching results for a pair of four nearest neighbors.
Columns (3) and (4) report caliper and kernel matching results.
In all columns of Table 3, we document consistently positive and
statistically significant estimates, supporting our baseline
conclusions that carbon emissions trading promotes firm

exports.

4.2.2 Ruling out the confounding effects of
carbon emissions trading program

One might be concerned that the observed impacts from our
analysis may come from other simultaneous environmental
policies, such as the Air Pollution Prevention Action Plan, the
Water Pollution Prevention Action Plan, and Replacing Business
Tax with Value-added Tax.To mitigate this concern, we further
control other simultaneous environmental policies based on the
baseline DID model. Table 4 lists the results of a series of
confounding effects tests.While controlling for the regional
confounding factors, we still document the consistently
positive coefficients on the policy variable of interest,
indicating that our estimates are more robust and have not
been affected by the confounding.

4.3 Heterogeneity discussion

The results of baseline estimates show that the EST policy has
a positive impact on firm exports. In this section, we investigate
the possible heterogeneous effects ofthe ETS policy on firm
exports.

4.3.1 Heterogeneity in firm ownership

As the ownership structures may affect the impacts of the
ETS policy, we construct two indicators of ownership: one is
the SOE indicator equaling one if SOE enterprises and zero
otherwise, and the other is the FDI indicator equaling one if
enterprises receive FDI and zero otherwise.Columns (1) and
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TABLE 5 Heterogeneous results of firm ownership.

10.3389/fenvs.2022.1035650

Variables Dependent variable: Export
(1) SOEs (2) non-SOEs (3) FDI (4) non-FDI
treat 0.127* 0.0235* 0.0392*** 0.017
(0.034) (0.012) (0.014) (0.016)
Size 0.0836** 0.006 0.003 0.0600***
(0.042) (0.007) (0.011) (0.017)
Age 0.114 —-0.0380** —0.0650*** 0.025
(0.093) (0.018) (0.024) (0.046)
Capital -0.00509 —-0.0120* -0.0138 —-0.0116
(0.017) (0.007) (0.021) (0.014)
Labor 0.0692** 0.117*4** 0.144*** 0.0417%*
(0.034) (0.007) (0.013) (0.016)
Wage 0.332 0.159*** 0.187*** 0.160
(0.341) (0.036) (0.043) (0.123)
Constant —1.152* 0.055 0.105 —0.537**
(0.594) (0.093) (0.139) (0.235)
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 782 8813 6021 3552
R-squared 0.861 0.799 0.786 0.819

Note: Robust standard errors are clustered at the prefecture and year levels.* significant at 10%; ** significant at 5%; *** significant at 1%.

TABLE 6 Heterogeneous results of scale and industrial concentration.

Variables Dependent variable: Export
(1) Large (2) Small (3) High (4) Low
treat 0.0333** -0.02 —0.0167 0.0514%%
(0.017) (0.013) (0.014) (0.017)
Size 0.005 0.018 0.0376*** 0.005
(0.013) (0.014) (0.014) (0.015)
Age —0.101* -0.0124 ~0.0247 ~0.0677*
(0.039) (0.028) (0.029) (0.037)
Capital -0.00486 ~0.00304 -0.00385 -0.0081
(0.011) (0.018) (0.020) (0.013)
Labor 0.0408** 0.129*%% 0.129%%* 0.024
(0.020) (0.015) (0.014) (0.022)
Wage 0.0683** 3.890*%% 0.226*%* 0.0554*
(0.030) (1.399) (0.051) (0.032)
Constant 0.721%%* -0.209 ~0.295* 0.674*%*
(0.214) (0.165) (0.168) (0.229)
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 5830 3584 3591 5872
R-squared 0.778 0.905 0.894 0.766

Note: Robust standard errors are clustered at the prefecture and year levels.* significant
at 10%; ** significant at 5%; *** significant at 1%.
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(2) in Table 5 show the results of the two subsamples of SOEs
and non-SOEs.The estimated coefficients are consistently
positive and statistically significant at the 1% level for both
SOEs and non-SOEs, confirming the carbon emissions trading
impacts on export. However, the estimated coefficients are
the SOEsthanthe non-SOEs,
suggesting that the carbon emissions trading policy has a

more prominent among
more significant effect on promoting exports of SOEs.
Columns (3) and (4) of Table 5 show the regression results
for the FDI and non-FDI indicators, respectively. For the FDI
indicator, the estimated coefficient is significantly positive,
the non-FDI hand,
significant.This illustrates that the ETS policy positively
affects enterprise exports for the FDI indicator.A possible
reason is that FDI enterprises have more production

while for the coefficient is not

efficiency, less environmental pollution, and continue to
engage in production and export. Adversely, non-FDI
enterpriseshave no significant impact.

4.3.2 Heterogeneity in firm scale

Due to differences in business practices and financial
capabilities, the ETS policy may affect the firm’s scale
differently. Therefore, we divide the sample into large and
small enterprises according to the median income value of
theenterprises and run the regression separately.The results
are reported in columns (1) and (2) of Table 6. For large-scale
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TABLE 7 The mechanism results.

Variables (1)Innovation
treat 0.0251*%*
(0.009)
Size 0.0282*%*
(0.007)
Age 0.0188*
(0.010)
Capital 0.001
(0.009)
Labor 0.0151*
(0.005)
Wage 0.025
(0.017)
Constant —0.397***
(0.084)
Firm FE Yes
Year FE Yes
Observations 9703
R-squared 0.659

10.3389/fenvs.2022.1035650

(2)Firm Performance (3) Investment

0.0892** 0.248*+%
(0.053) (0.060)
0.515%% 0.0965***
(0.067) (0.032)
0.265** 0.469**
(0.078) (0.072)
0.139* -0.043
(0.073) (0.042)
0.104** 0.0894*
(0.048) (0.033)
0.231%* 0.594**
(0.118) (0.251)
1.249 ~1.756%**
(0.812) (0.349)
Yes Yes

Yes Yes

7481 9703
0.787 0.235

Note: Robust standard errors are clustered at the prefecture and year levels.* significant at 10%; ** significant at 5%; *** significant at 1%.

enterprises, the estimated coefficient is significantly positive,
demonstrating that the EST policy has a promoted impact on
the export of large enterprises. For Small-scale enterprises,
the estimated coefficient isinsignificant, suggesting that the
EST policy has no significanteffect. This may be because large
firms can easily form economies of scale and their
productivity-enhancing effects are more pronounced, thus
making it easier to overcome the costs of accessing export
markets and increasing exports.

4.3.3 Heterogeneity in industrial concentration

To further test the differences in the export effects of carbon
emissions trading policy on firms in different industrial
concentrations, we draw on Radecki (1998) and Levchenko
(2007)  to  calculate the HHI index, which is
HHI = 3(X;/X)?, X = 2X;, where X; is the sales of firm i in
the industry. The larger the HHI index, the lower the industrial
concentrations. Therefore, we divide the sample into high and
low industrial concentrations on the median industrial
concentrations and run regressions separately.Columns (3)
and (4) in Table 6 present separate results for the different
types. For high industrial concentrations, the coefficient is not
significant. In contrast, for low industrial concentrations, the
coefficient is significantly positive, suggesting that the ETS policy
has promoted an effect on enterprises’ export of low industrial
concentrations, with no impact on high industrial concentrations
enterprises’ exports. A possible explanation is that the ETS policy
is more sensitive to export changes in enterprises with low
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industrial concentrations, and excessive industry competition
may lead to difficulties for enterprises to adjust their costs or
factor structure.

4.4 Mechanism discussion

Our results show that the ETS policy significantly
increases firmexport, which confirms the effects driven by
environmental regulations, as we have discussed previously.
In this section, we further explore the possible mechanisms of
the ETS policy that affect firm export.

A carbon emission trading policy is a flexible market-
based environmental regulation. According to Porter
hypothesis, market-based environmental regulation can
improve technological innovation and firm
competitiveness (Porter and Van der Linde, 1995). First,
the market-based environmental regulation could promote
vitaltechnological innovation (Borghesi et al., 2015; Calel
2016),

share.

which is  conducive
the

environmental regulations could provide a competitive

and Dechezlepretre,

toexpandingexport Second, market-based
factor for firms (Yang et al, 2017), which can not only
reduce emissions but also improve productivity. Third, the
market-based environmental regulations could stimulate
firms to introduce more advanced technology and product
research investments (LIM, 2014; LIU, 2017), which helps

firmsimprove product quality and enhance competitiveness.
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Based on the previous studies, we investigated the potential
mechanism of the EST policy on firm export in terms
oftechnological innovation, productivity, and product research.
A firm’s technological innovation and the firm number of patents
are often closely related. We use the logarithm of the number of
patents as a proxy variable for technological innovation. As
reported in columns (1) in Table 7, the coefficients are
positive and statistically significant at the 1% level, indicating
that the EST policy promotes technological innovation. In
Column (2), we adopted net profit as the proxy variable
reflecting firm performance. The estimated coefficient is
0.0892 and significant at the 5% level, demonstrating that the
EST policy increase firm performance. In addition, we also
employ the firm’s R&D investment to proxy for product
research. As shown in column (3). We find that the key
coefficients are still statistically positive. It can be seen that
financial constraints and production costs are essential
channels for EST policies to affect firm exports.

5 Conclusion

Promoting carbon emission trading and building a carbon
market is a central institutional innovation to control and reduce
greenhouse gas emissions and promote green and low-carbon
development using a market mechanism. It is also an important
policy tool to promote the realization of carbon peaks and a
carbon-neutral vision. This paper applies the PSM-DID model to
test the effect of a carbon emission trading policy on exports in
pilot and non-pilot firms.The main results are confirmed based
on the robustness checks and a placebo test. The main
conclusions derived from this paper are as follows.

(1) According to the PSM-DID model’s regression results, the
carbon emission trading policy significantly expands the
pilot firm’s export after controlling for several economic
factors.Empirical results showed that, unlike traditional
command-and-control approaches, the carbon emissions
trading policy caused the pilot firm’s export to rise by
more than 3.3% during the sample period. After
eliminating or controlling other factors (including the

the

influence of other interfering policies), the conclusion

transform matching method and excluding
remains robust. It shows that the economic incentive
environmental policy does produce the export effect.

(2) The impact of carbon emissions trading pilot policies on a firm’s

exports has pronounced heterogeneity. The export effect in

large-scale firms, FDI firms, andhigh industrial concentrations

is positive. At the same time, firm ownership will influence the

effect, which is more apparent in enterprises with SOEs.

(3) The impact of carbon emissions trading pilot policies on
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a firm’s exports will be driven by technological
innovation, product research, and productivity. We
found that the carbon emissions trading pilot policy
has improved the economic performance of the pilot
enterprises, which is further reflected in the increase in
productivity and competitiveness. At the same time, it
also encourages the pilot firms to increase their
investment in R&D and innovation.

Therefore, the market-based environmental regulation policy,
namely the carbon emission trading policy, is, to some extent, an
important policy tool for China to relieve environmental pressure
and achieve potential economic benefits and can also promote
technological innovation and the transformation of a low-carbon
society.

According to the conclusions of this paper, the following policy
suggestions are put forward: (1) China needs to accelerate the pace of
the construction of a unified carbon emission trading market in the
whole country, improve the diversification of the carbon market, and
bring more industries into the carbon market transactions, which will
not only help to improve China’s ecological environment but also help
to enhance the competitiveness and voice of Chinese export
enterprises in the international market. (2) Adhere to the principle
of classified management and fully consider the differences between
high-carbon emission firms and low-carbon emission firms, state-
owned firms and private firms, and foreign-funded firms and
domestic-funded firms. Setting emission quotas should consider
the principles of fairness and moderation and give full play to the
role of the carbon trading system in optimizing investment portfolios,
forcing enterprises to improve internal management efficiency to
improve investment and production efficiency. Governments and
banks should issue cleaner technology-oriented loans, especially to
carbon-intensive firms, and draft a minimum wage for R&D
executives to promote the firms’ transformation in production and
operation. (3) Increasing support for energy conservation and
emission reduction and clean energy technology innovation can
not only improve the willingness of emission reduction enterprises
to achieve their emission reduction through technological innovation.
However, it also objectively reduces the demand for carbon emission
reduction rights, avoids rapid price increases, and is conducive to the
stable operation of the national carbon market. The policymaker
should focus on the formulation of the regulations on intangible
assets. It is confirmed that the rise of investment in intangible assets,
such as technological innovation, productivity, and product research,
can be the internal mechanism of the effect of carbon emission price
on firm export.
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