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Regarding the signing of the China–ASEAN Free Trade Agreement (CAFTA) as a

quasi-natural experiment, this article uses the difference-in-differences model

to examine the pollution emissions of domestic trading enterprises in the

face of varying trade openness under international environmental regulations.

It is found that trade liberalization will drive domestic trading firms to

choose more proactive pollution abatement strategies, namely, the signing of

CAFTA facilitates pollution reduction in enterprises trading mainly with CAFTA

members. This effect is more significant in non-state-owned enterprises and

labor-intensive enterprises. In particular, the effect of becoming a member

of CAFTA to facilitate firm-level pollution reduction has a time lag, and its

marginal effect tends to expand over time.
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Introduction

The earth is experiencing major changes in global and regional climates (Dodd
and Douhovnikoff, 2016), and it is predicted that these changes will exert a significant
impact on both human well-being and global sustainability (Huang et al., 2021; Cai
et al., 2022). Government across the world has formulated and implemented a large
number of environmental regulations with different jurisdictions to coordinate the
contradiction between domestic economic growth and environmental protection (Liu
et al., 2022). Specifically, in the context of free trade and economic globalization, many
countries have raised the operating environment standards of their domestic markets,
refusing to allow the products that ignore environmental pollution reduction to enter
their domestic markets. This kind of international environmental regulation has evolved
into an important part of competition rules or environmental barriers that hinder trade
liberalization, leading to profound changes in the way enterprises operate.
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Confronted with increasingly stringent environment/green
trade barriers, there have been many debates on their impacts
on international trade. Some studies suggested that due to
stricter environmental regulations, the corresponding exports
of heavy industries will be reduced (Merican et al., 2007; Cole
et al., 2011; Ghani, 2012). Cole et al. (2010) reached a similar
conclusion and showed that environmental regulation was an
important determinant of Japan’s status as a net importer in
non-OECD countries and China. However, another branch of
the literature found that environmental regulation does not
always have a negative impact on international trade; instead,
stricter environmental standards can facilitate the transition to
cleaner production processes in developing countries (Arouri
et al., 2012).

In view of the existing environmental regulation literature
in an open economy, however, it seems that most studies
are confined to economic activities, whereas less attention has
been paid to enterprises’ environment practices. In fact, in the
recent years, developed economies, including countries in the
European Union (EU), the United States, and Japan, have been
the earliest, most frequent, and strictest countries and regions
in adopting environmental regulation measures in the field
of international trade, mainly by “improving environmental
standards,” “increasing inspection and quarantine items,” and
making “changes in technical regulations,” which prompted
trading enterprises of developing countries (e.g., China and
Vietnam) to continue to implement ISO9000 and other
environmental or technology standards of certification. In
this background, it is reasonable to infer that not only will
trade performance change, but pollution reduction will also be
directly affected. Therefore, this article attempts to shed light on
the question of how trade liberalization affects the environment
practices of trading enterprises in the context of increasingly
stringent international environmental regulations.

Under the constraints of the international market for
environmental standards, domestic trading enterprises may
try to attach green attributes to their products to meet basic
transaction conditions and expand their international market
share (Bagnoli and Watts, 2003), thus benefiting from more
efficient utilization of materials and energy. Furthermore, in
the context of responsible consumption, as consumers are
willing to pay additional fees for the products of socially
responsible enterprises (Kotler and Lee, 2005; Leisinger, 2005;
McWilliams et al., 2006), domestic trading enterprises may
improve the production environment standards to increase
the resolution with similar products and obtain new market
segments (such as “green” consumers) (Hart, 1995; Russo
and Fouts, 1997; Kramer and Porter, 2011; Oikonomou
et al., 2014). Based on the above mechanism, Costantini
and Mazzanti (2012) found that EU environmental regulation
can promote enterprise innovation and significantly increase
exports of various industries. Fernández-Kranz and Santaló
(2010) and Flammer (2015) proved that intensification of

market competition can improve firm-level environmental
performance and that trade liberalization is an important factor
in shaping the practice of enterprise emission reduction.

Enterprises respond to trade liberalization by reducing
pollution emissions, so that they can stand out in the
competition with rivals, which supports the view of the Porter
hypothesis.1 However, international environmental policies
exert environmental pressure on enterprises. Controlling
pollution or updating equipment is bound to occupy the
original production management and technological innovation
resources, which will have adverse impacts on the productivity
and trade competitiveness of enterprises (Copeland and Taylor,
2004). Specifically, in emerging economies with relatively low
per capita income (e.g., China, India, and Brazil), consumers
are highly price-sensitive, and therefore, trading enterprises’
implementation of a “green” differentiation strategy may
become a risky choice (Biswas and Roy, 2015). Bansal and
Roth (2000) found that Japanese and British companies only
consider environmental protection measures when improving
their financial performance. Orsato (2006) showed that the lack
of reliable information on product environmental performance
is the main obstacle to consumers’ willingness to pay, which
weakens the willingness of enterprises to “go green.” Therefore,
due to cost pressure considerations and the uncertainty of
green consumption awareness of target consumers, domestic
trading enterprises may not implement emission reduction in
response to international environmental regulation under the
free trade system.

Based on the above practical observation and theoretical
analysis, this study conducts a quasi-natural experiment in the
form of the China–ASEAN Free Trade Agreement (CAFTA),
which was signed in 2002 and entered into force in 2005, to
empirically test the effect of trade liberalization on the green
development of China’s trading enterprises by employing the
difference-in-differences (DID) method. We find that China’s
trading enterprises respond to higher competitive pressure
from trade liberalization by reducing their pollution emissions
under the increasingly strict conditions of environmental
protection in production and trade. In an auxiliary analysis,
this article documents that this effect is stronger for non-state-
owned enterprises (non-SOEs) and labor-intensive enterprises.
The comparative advantage of developing countries’ products
mainly comes from low factor prices, and the international
environmental standards aimed at protecting the environment
and enhancing social welfare may seriously weaken the
international competitiveness of labor-intensive industries, such
as electronics, clothing, toys, textiles, and shoes, forcing
trading enterprises, especially private enterprises without policy

1 Porter and Van der Linde (1995) proposed that well-designed
environmental regulations can protect the environment and accelerate
technology innovation, offsetting compliance costs, which is known as
the Porter hypothesis.

Frontiers in Ecology and Evolution 02 frontiersin.org

https://doi.org/10.3389/fevo.2022.965484
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-10-965484 July 26, 2022 Time: 14:6 # 3

Cai et al. 10.3389/fevo.2022.965484

support, to reduce pollution to meet trading standards.
Consequently, the survival risk of trading enterprises in
developing countries will be increased significantly. From the
perspective of dynamic effect, the positive effect of membership
of CAFTA on enterprise pollution reduction has a time lag,
and its marginal effect shows an expanding trend with the
passage of time.

The contributions of this article are as follows. First,
while the existing literature primarily examines the policy
effects of international environmental regulation on import
and export activities (Merican et al., 2007; Cole et al.,
2011; Arouri et al., 2012; Ghani, 2012), less attention has
been paid to how domestic trading enterprises respond to
it in terms of pollution reduction. Second, unlike previous
studies that focus on the environmental pollution performance
of general enterprises (Duanmu et al., 2018), this article
investigates the environmental practices of domestic trading
enterprises when facing drastic trade liberalization. Third,
this article extends the related research studies (Fernández-
Kranz and Santaló, 2010; Flammer, 2015) and considers
the issue of enterprises’ pollution reduction in the context
of emerging economics or developing countries, improving
the applicability and universality of the conclusions of
previous research.

The remainder of this article is organized as follows.
See the section “Theoretical analysis and research hypothesis”
outlines the establishment of an international oligopoly
model for theoretical analysis. See the section “Sample
and research design” describes the construction of the
sample, variable measurement, and research design. The
empirical analysis is presented in the section “Empirical
results.” Finally, see the section “Conclusion” summarizes the
main conclusions.

Theoretical analysis and research
hypothesis

Basic model

Following Brander and Spencer (1985) and Wang et al.
(2012), we formulate an international duopolistic model
composed of one domestic enterprise and one foreign
enterprise, indexed by 0 and 1, respectively. Both enterprises
export different products to a third country’s market and engage
in Cournot players. The linear (inverse) demand function is
specified with Pi = 1− qi − γq−i, i = 0, 1, where qi denotes
the outputs of the firm. We assume that all firms use an
identical technology and have increasing marginal cost function:

C(qi)=
1
2 qi 2 .

Although the world’s economic landscape is increasingly
moving toward greater trade liberalization, tariffs still exist in
most economies to protect domestic industries. Accordingly, it

is assumed that a uniform tariff rate t∈(0,1)is imposed on the
foreign firm’s output. The profits of two firms are given by:

πi = Pi(1− t)qi −
1
2

q2
i , i = 0, 1 (1)

The production of commodities in both enterprises leads to
pollution emissions. However, each enterprise can prevent
pollution by adopting abatement measures to achieve the
environmental standards of the host country. To simplify the
analysis, we assume that only the domestic enterprise has
concerns about the problem of emission reduction and chooses
to produce environmentally friendly products. Following
Goering (2007), the payoff of the domestic enterprise is to
maximize the weighted sum of its own profits and the host
country’s consumer surplus:

V = π0 + αCS (2)

where CS= 1
2 (q

2
0+q2

1+2γq0q1)
denotes the host country’s consumer

surplus. α∈[0,1]captures the level of pollution reduction or the
willingness to provide environmentally friendly products to the
host country. Specifically, as α increases, the domestic enterprise
makes more effort to meet environmental standards and provide
environmentally friendly products in the host country market.

A two-stage game is constructed. In stage 1, the domestic
trading enterprise chooses the optimal environmental practice
in the host country (α). In stage 2, all the enterprises choose
their output levels according to the Cournot equilibrium to
maximize their respective objectives. We solve the game through
backward induction.

Analytical results

In the last stage of the game, given α and t , the domestic
trading enterprise chooses q0 to maximize (2) and the foreign
trading enterprise chooses q1 to maximize (1). The first-order
conditions are as follows, respectively:

∂V
∂q0
= 1− t + (2t + α− 3)q0 + (t + α− 1)γq1 = 0 (3)

∂π1

∂q1
= (1− t)(1− γq0)− (3− 2t)q1 = 0 (4)

Considering Eqs. 3, 4 simultaneously, we obtain the equilibrium
outputs:

q∗0 =
(1−t)[3−2t−(1−t−α)γ]

(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2

q∗1 =
(1−t)[3−α−t(2−γ)−γ]

(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2

(5)
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Using q∗0 and q∗1 , we calculate the following equilibrium
outcomes:

P∗0 =
(3−2t)(2−t−α)−(2−t)(1−t)γ+(1−t)αγ2

(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2

P∗1 =
(2−t)[3−α−t(2−γ)−γ]

(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2

π∗0 =

(1− t)2[3− 2t − (1− t − α)γ]{4t(t + α− 3)+
[t(5− 2t)− α]γ+ 2(1− t)αγ2

+ 3(3− 2α− γ)}
2[(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2]2

π∗1 =
(1−t)2(3−2t)[3−α−t(2−γ)−γ]2

2[(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2]2

CS∗ =

(1− t)2(1+ γ)(18− 24t + 8t2
− 6α+ 4tα+ α2

−

(2− 2t − α)(6− 4t − α)γ+ 2(1− t)(1− t − α)γ2)
2[(3−2t)(3−2t−α)−(1−t)(1−t−α)γ2]2

(6)
Note that π∗0 ≥ 0 requires 0 ≤ γ ≤ 1, 0 < t ≤ t̃, 0 ≤ α ≤ 1

or 0 ≤ γ ≤ 1, t̃ < t < 1, 0 ≤ α ≤ α̃,2 which is assumed in
the following discussion. Differentiating q∗0 and q∗1 with
respect to α , it is easy to see that when the domestic
trading enterprise gradually implements relatively positive
environmentally responsible strategies in the host country,
it will acquire a greater market share than the foreign
trading enterprise ( ∂q∗0

∂α >0
, ∂q∗1
∂α <0

). This result means that the

domestic trading enterprise can improve its competitiveness
and differentiate itself from the foreign rival, which conforms
to economic practical experience that the host country (or
consumers) is always willing to import (purchase) products
from environmentally responsible enterprises.

In the first stage, given the above equilibrium outcomes,
the domestic trading enterprise chooses the optimal level
of pollution reduction or the willingness to provide
environmentally friendly products to the host country.
Following the general oligopoly literature, the objective of the
domestic enterprise is to choose α to maximize its own profits.
Combined with the derivatives ( ∂π∗0

∂α =0
, ∂2π∗0
∂α2 <0

), we can obtain

only one interior and positive solution:

α∗ =

3γ2
− 8tγ2

+ 7t2γ2
− 2t3γ2

− γ3

+3tγ3
− 3t2γ3

+ t3γ3

9− 12t + 4t2
+ 6γ− 7tγ+ 2t2γ− 3γ2

+ 5tγ2

−2t2γ2
− γ3
+ 2tγ3

− t2γ3

(7)

In general, tariff reductions represent greater trade
liberalization. Therefore, to further explore the impact of trade
liberalization on the optimal environmental decision-making
of domestic trading enterprises, we differentiate α∗ with

2
t̃= 8−5γ+2γ2

4(2−γ) −
1
4

√
16+8γ−7γ2−4γ3+4γ4

(2−γ)2

,
α̃=

9−12t+4t2−3γ+5tγ−2t2γ

6−4t+γ−2γ2+2tγ2

respect to t and find ∂α∗

∂t <0. This result shows that α∗ is the
subtractive function of t , that is, with the deepening of trade
liberalization, the domestic trading enterprise will adopt more
environmentally responsible measures to engage in production
activities to cultivate international competitive advantage.
Accordingly, we formulate the following research hypothesis:

Hypothesis 1: Under stringent international environmental
protection standards, domestic trading enterprises will choose
more proactive pollution emission reduction strategies to
maintain market competitive advantage. In brief, trade
liberalization will drive trading enterprises to reduce
pollution emissions.

Sample and research design

The theoretical analysis shows that domestic trading
enterprises will choose more proactive pollution abatement
strategies to maintain their competitiveness in the international
market if there is a tendency toward a more open trading
environment. Are these firms really responding in this way? If
so, how significant is this effect? To answer these questions, the
primary task is to determine how to measure the variation in
trade openness. In general, the measure of trade openness tends
to be tariffs; however, the change in a country’s tariff policy
is discrete in time, the adjustment direction is not uniform,
each adjustment involves a wide variety of commodities, and
therefore, there are certain difficulties in operation.

With the deepening of China’s economic and trade relations
with the world, actively promoting the negotiation of Free
Trade Agreements (FTAs) has become an important part
of China’s new round of the opening-up strategy. After
signing FTAs, the contracting countries often reduce tariffs
substantially, or even achieve zero tariffs, which provides
us with an exogenous shock to measure the tariff changes.
However, by 2018, China had signed 16 FTAs involving
24 countries or regions in Asia, Oceania, Latin America,
and Europe, including China–Maldives, China–Georgia,
China–Australia, China–South Korea, China–Switzerland,
China–Iceland, China–Costa Rica, China–Peru, China–
Singapore, China–New Zealand, China–Chile, China–Pakistan,
and China–ASEAN. Of these FTAs, only CAFTA is a collective
agreement signed by China with a number of developed and
developing countries simultaneously, which provides us with
more abundant and more general research samples. Therefore,
using China’s membership of CAFTA as an opportunity to
measure the variation in trade openness,3 this article examines

3 As a new round of opening-up strategy, the negotiation of Free Trade
Agreements (FTAs) is always accompanied by the reduction both for
tariff and non-tariff barriers among the contracting parties. Thus, it is
reasonable to choose the accession to FTA as a proxy for gauging trade
openness, and compared with tariff, this measure is more comprehensive
and extensive.
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the impact of membership of CAFTA on the domestic firm-level
pollution reduction.

Design

In general, the impact of CAFTA on enterprises’ pollution
emissions can be assessed by making a horizontal and vertical
comparison. Horizontal comparison shows the differences in
pollution emissions between firms that trade mainly with
CAFTA members and those that do not; however, it ignores the
heterogeneity between firms. The latter is a direct comparison
of the differences in pollution emissions of enterprises trading
mainly with CAFTA members before and after becoming a
member of CAFTA; however, it does not take into account the
consistency of time trends. Following the general practice in
environmental regulation literature (Chen et al., 2018; Wang
et al., 2019), we regard the membership of CAFTA as a
quasi-natural experiment.4 Due to its application at different
enterprises at the same time (trade and non-trade or major
and non-major trade), we divide Chinese enterprises into
two groups: the treatment group and the control group. The
treatment group contains the enterprises significantly affected
by membership of CAFTA, and the control group contains the
enterprises minimally affected by membership of CAFTA. This
allows us to adopt the DID method to explore the effects of
varying intensity of trade liberalization caused by becoming a
member of CAFTA on firm-level pollution emissions:

Yit = αi + β1treati + β2postt + β3treat∗i postt + β4Controlit

+µn + ϑj + εit

where the subscripts i and t represent the enterprise and year,
respectively. Yit represents the level of pollution emissions of
firm i in year t. To enhance the reliability and robustness
of the research results, we choose both water pollution
(wastewater) and air pollution (wasteair) as a measure of pollution
emissions, expressed as the natural logarithm of the total
amount of industrial wastewater/waste gas discharged by
enterprises, respectively.

treati is the grouping variable to identity whether enterprise
i belongs to the treatment or control group. A total of
eleven countries have become the members of CAFTA: China,
Malaysia, Indonesia, Thailand, the Philippines, Singapore,
Brunei, Vietnam, Laos, Myanmar, and Cambodia. Unlike the

4 A quasi-natural experiment means that experimental treatment level
is completely independent of individual characteristics or other factors
that might affect the results of the experiment, thus largely avoiding
omitted variable bias and endogeneity bias. Hence, compared with
traditional OLS or panel fixed effect estimation, DID model can better
identify the causal effect between explained variable and explanatory
variable.

previous studies that simply classify the group based on the
occurrence of the trade, we aim to distinguish the treatment
group from the control group to a greater extent and avoid as
far as possible the interactive effects on the control group as
a result of becoming a member of CAFTA. If an enterprise’s
share of trade (exports or imports) with the above-mentioned
countries is larger than the median of that of all enterprises in
all years, it trades mainly with CAFTA members and belongs to
the treatment group, whereas if an enterprise has neither import
nor export trade with the above-mentioned countries, it belongs
to the control group.

postt is the time difference variable before and after the
signing of CAFTA to recognize the period in which enterprise
i is located. Although the relevant agreement between China
and ASEAN was formally signed in November 2002, the tax
reduction of CAFTA was not initiated until July 2005, which
was objectively the point when the agreement came into
effect. Therefore, 2005 is adopted as the starting year when
China’s membership of CAFTA has an effect on enterprises’
pollution emissions, with postt taking a value of 0 before 2005
and 1 after 2005.

According to the different values assigned to treati and
postt , all samples can be divided into the following four
groups: the treatment group before the signing of CAFTA
(treati=1,postt=0), the treatment group after the signing of
CAFTA (treati=1,postt=1), the control group before the signing of
CAFTA (treati=0,postt=0), and the control group after the signing
of CAFTA (treati=0,postt = 1). The net policy shock effect,
measured by the characterization of the regression coefficient
of the interaction term treat∗i postt , can be obtained through two
different calculations of the above four groups of samples.
Thus, treat∗i postt is the core explanatory variable, whose regression
coefficient β3>0 means that the pollution emissions of the
treatment group increase compared to those of the control
group and membership of CAFTA has a negative impact on the
enterprise pollution reduction, whereas β3<0 denotes that the
pollution emissions of the treatment group decrease compared
to those of the control group and membership of CAFTA has a
positive impact on the enterprise pollution reduction.

Following the approach of existing studies (Flammer, 2015;
Duanmu et al., 2018), we include control variables as follows:
(1) enterprise scale (size), measured as the natural logarithm of
its net fixed assets; (2) enterprise age (age), measured by adding
1 to the difference between the year in which the enterprise is
located and founded; (3) capital intensity (intz), measured by the
ratio of the average balance of net fixed assets to the number
of employees; (4) asset-liability ratio (debt), measured by the
ratio of total liabilities to total assets; (5) enterprise profitability
(profit), measured by the ratio of operating profit to sales revenue;
And (6) asset liquidity (liquidity), measured by the ratio of the
excess of current assets over current liabilities to current assets.
Furthermore, µn and ϑj are industrial effects and regional effects,
respectively, and εit is a random disturbance term.
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Sample

The sample for this article is mainly taken from the Database
of Chinese Industrial Firms and the Database of Chinese
Customs Firms from 2000 to 2009. A different treatment for
the two databases is designed to improve the accuracy of
this empirical study, processing the monthly data of products
on the Database of Chinese Customs Firms by adding it to
annual data. Moreover, the following treatments are carried
out on the Database of Chinese Industrial Firms consecutively.
First, samples with fewer than eight employees are excluded
based on the experiences of Brandt et al. (2012) and Yu
(2014). Second, samples that do not conform to objective
facts and have excess missing data and outliers (e.g., total
output less than zero) are excluded. Third, samples that
are not in correspondence with the accounting standards
(e.g., total assets less than current assets or fixed assets)
are not available. In addition, we exclude samples with
errors and omissions in their original records (e.g., the
enterprise has been operating for less than 1 month or more
than 12 months).

Due to the difference in the coding system between the
Database of Chinese Industrial Firms and the Database of
Chinese Customs Firms – the former has a 10-digit legal
person code and the latter has a 9-digit code – this article
draws on Yu and Tian’s (2012) article to combine enterprises
with the same name and year in these two databases while
excluding samples that do not record industrial wastewater
(waste gas) emissions. Based this, enterprises that exited the
market before 2005 and those that entered the market after
2005 will be excluded to ensure that all firms we choose
are still in operation in the policy year of 2005. Continuous
variables used in the regressions are winsorized at 1% to
mitigate the possible effects of outliers, resulting in 33,229 initial
observations. Descriptive statistics for the main variables are
shown in Table 1.

Empirical results

Parallel trend test

The DID method is valid on the premise of meeting
the parallel trends assumption that the growth rate
of the dependent variable should be consistent in the
treatment and control groups before and after treatment.
Figures 1, 2 show that the total industrial wastewater
(waste gas) emissions of the treatment and control groups
maintain a highly similar trend prior to China becoming
a member of CAFTA, both being on a slow rise. After
China became a member of CAFTA, the trends in the two
groups diverge significantly. In terms of total industrial
wastewater discharge, the curve for the control group rises

slowly and then falls, whereas that of the treatment group
remains virtually constant at first and then plunges. For
total industrial waste gas emissions, both groups show a
continuing downward trend, with a larger decline in the
treatment group. The above findings prove that the DID model
meets the prerequisites of the common trend assumption in
temporal trends.

Baseline regression results

The baseline regression results regarding the effect of
membership of CAFTA on enterprise pollution emissions are
presented in Table 2. As shown in columns (1) and (2), the
coefficients of treat∗post are significant and negative. After
adding control variables in columns (3) and (4), the coefficients
are still significantly negative. This indicates that the total
industrial wastewater (waste gas) emissions of enterprises
that trade mainly with CAFTA members decreased more
significantly after China becomes a member of CAFTA,
signifying that CAFTA strongly encourages trading enterprises
to work on pollution control and compete in international
markets with products and services that are highly socially
responsible. Thus, hypothesis 1 is valid.

Regarding the control variables, the regression coefficients
of size, age, and intz are positive, and most of them pass the 1%
significance test, which indicates that the enterprise emits more
pollution with larger size, longer survival, and higher capital
intensity. This may be related to the corporation organizational
inertia. The regression coefficients of profit, debt, and liquidity
are negative, and most of them pass the 1% significance test.
This suggests that the enterprise emits less pollution with
greater profitability and liquidity. The findings are in line with
those of previous research indicating that successful pollution
control relies on good financial performance. In particular,
enterprise pollution emissions decrease with the increase in
debt to total assets ratio, probably due to the fact that the
enterprise purchases major equipment for pollution control,
which generally raises the gearing overall but also achieves
pollution reduction.

TABLE 1 Descriptive statistics of variables.

Variables Mean SD Min Max

wastewater 10.84 2.05 5.54 15.82

wasteair 7.77 2.20 2.56 13.73

size 11.48 1.44 8.62 15.39

age 14.82 12.80 2.00 67.00

intz 155.23 243.74 1.98 1586.51

debt 0.56 0.25 0.03 1.28

profit 0.03 0.10 −0.44 0.32

liquidity −0.01 0.71 −3.62 0.97
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FIGURE 1

Parallel trend of wastewater.

FIGURE 2

Parallel trend of wasteair.

Heterogeneity analysis

Enterprises with different ownership types

There are differences between SOEs and non-SOEs in

terms of their business objectives,s, clearly subjected to
government intervention, are inherently required to assume

social responsibilities, external environment, and operating
method. Due to the special political and social attributes,
SOEs, clearly subjected to government intervention, are
inherently required to assume social responsibilities, such
as environmental cleanup. Therefore,s, clearly subjected to

government intervention, are inherently required to assume
social responsibilities, the pollution emission of non-SOEs may
be more influenced by market mechanisms than that of SOEs.
Accordingly, we divide all the enterprises into SOEs and non-
SOEs to assess the impact of membership of CAFTA on the
pollution reduction of enterprises with different ownership
types. The estimation results are shown in Table 3, where
columns (1) and (2) are regression results for the SOEs and
columns (3) and (4) are those for the non-SOEs.

We found that the estimated coefficients of the interaction
terms, treat∗post, in columns (1) and (2) are negative but
statistically insignificant while those in columns (3) and (4) are
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negative and pass the 5 and 10% significance tests, respectively.
It can be concluded that the estimation results of non-SOEs
are more consistent with the whole sample than those of SOEs
and that membership of CAFTA leads to greater improvement
in non-SOEs’ pollution reduction. This is also in line with
the current situation of Chinese enterprises. Compared to
SOEs, naturally profit-seeking non-SOEs are more likely to
follow the market mechanism and adjust their production and
operation despite facing intense pressure from stakeholders
and improve their pollution control to maintain or enhance
their competitiveness in an increasingly fierce game. Even
if China has greater openness, the competitive advantage of
SOEs, which dominate national economic development and
safeguard people’s well-being, will not decline sharply in the near
future since they are monopolies or oligopolies. In particular,
SOEs have been driven by the government to improve their
pollution control, and the higher openness by becoming a
member of CAFTA may have not led to obvious stimulation or
pressure on them.

TABLE 2 Baseline regression results.

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

wastewater wasteair wastewater wasteair

treat*post −0.15*** −0.15*** −0.10** −0.11**

(−3.00) (−2.69) (−2.34) (−2.11)

treat 0.44*** 0.56*** 0.07** 0.17***

(11.05) (12.33) (2.09) (4.29)

post 0.08*** 0.23*** −0.19*** −0.10***

(3.26) (8.24) (−8.82) (−4.05)

size 0.66*** 0.70***

(77.01) (66.25)

age 0.02*** 0.01***

(22.93) (11.93)

intz 0.00005 0.0006***

(1.03) (9.48)

profit −1.32*** −1.14***

(−12.48) (−8.33)

debt −0.30*** −0.10*

(−6.14) (−1.69)

liquidity −0.18*** −0.14***

(−10.69) (−7.43)

Constant Term 12.19*** 8.99*** 2.13*** −1.36**

(19.63) (13.16) (3.15) (−2.13)

Industrial Effects Y Y Y Y

Regional Effects Y Y Y Y

Observation 30284 23633 27425 21436

R2 0.29 0.32 0.45 0.48

Values in brackets are t-statistic. *, **, and *** denote 10, 5, and 1% significance levels,
respectively, with the same subscripts. Y denotes “Yes.”

TABLE 3 Regression results of subsamples by enterprise ownership.

Types SOEs non-SOEs

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

wastewater wasteair wastewater wasteair

treat*post −0.04 −0.10 −0.09** −0.10*

(−0.25) (−0.63) (−2.00) (−1.78)

treat 0.22** 0.29*** 0.08** 0.17***

(2.43) (2.76) (2.21) (3.98)

post −0.56*** −0.32*** −0.13*** −0.06**

(−7.90) (−3.93) (−5.81) (−2.27)

size 0.80*** 0.85*** 0.64*** 0.67***

(29.35) (22.35) (70.24) (59.99)

age 0.01*** 0.01*** 0.02*** 0.01***

(4.93) (3.48) (16.70) (7.75)

intz −0.0004*** 0.0005*** 0.0001** 0.0006***

(−2.68) (2.64) (2.13) (8.96)

profit −1.55*** −1.33*** −1.25*** −1.07***

(−4.74) (−3.00) (−11.24) (−7.31)

debt −0.20 0.25 −0.28*** −0.12*

(−1.19) (1.14) (−5.46) (−1.95)

liquidity −0.25*** −0.16** −0.17*** −0.13***

(−4.24) (−2.36) (−9.85) (−6.89)

Constant Term 0.25 −2.75*** 4.34*** −1.83***

(0.27) (−2.64) (10.88) (−4.62)

Industrial Effects Y Y Y Y

Regional Effects Y Y Y Y

Observation 2411 2110 24948 19256

R2 0.59 0.65 0.44 0.44

Values in brackets are t-statistic. *, **, and *** denote 10, 5, and 1% significance levels,
respectively, with the same subscripts. Y denotes “Yes.”

Enterprises in different industries
Given the factor intensity of different industries, this article

classifies all the enterprises into labor-intensive enterprises
and capital- and technology-intensive enterprises to discuss
the impact of membership of CAFTA on pollution reduction
in different industries.5 The results are shown in Table 4,
where columns (1) and (2) are regression results for the
labor-intensive enterprises and columns (3) and (4) are those
for the capital- and technology-intensive enterprises. We
found that the regressions for the subsamples by industry

5 According to the three-digit industry codes in the Database of
Chinese Industrial Firms, capital- and technology-intensive enterprises
include the petroleum processing and coking, and nuclear fuel
processing industry; non-metallic mineral products industry; ferrous
metal smelting and rolling processing industry; non-ferrous metal
smelting and rolling processing industry; metal products industry;
general equipment manufacturing; special equipment manufacturing;
transportation equipment manufacturing; electrical machinery and
equipment manufacturing; instrumental, cultural and official machinery
manufacturing; chemical fiber manufacturing; pharmaceutical
manufacturing; and chemical raw materials and chemical products
manufacturing. The remainder are labor-intensive enterprises.
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yield negative coefficients for the interaction terms, but
only the samples of labor-intensive enterprises with total
industrial wasteair emissions as the explained variable
pass the 5% significance test. This suggests that China’s
membership of CAFTA helps labor-intensive enterprises
with pollution control of waste gas to a greater extent than
capital- and technology-intensive enterprises. On the one
hand, the products that China sells to ASEAN countries
are mainly low-price labor-intensive products, such as
clothing textiles, fresh oil, frozen fish, and other kinds of
agroforestry by-products, so membership of CAFTA has
a greater influence on the labor-intensive industries. On
the other hand, most of the research samples are from
manufacturing sectors, where most capital- and technology-
intensive enterprises, still at the startup stage in China, are
classified as energy-intensive industries where there is a
threshold for environmental investment and a higher cost of
pollution control than for labor-intensive enterprises. This

TABLE 4 Regression results of subsamples by industry.

Types Labor-intensive
enterprises

Capital- and
technology-
intensive
enterprises

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

wastewater wasteair wastewater wasteair

treat*post −0.03 −0.15** −0.08 −0.04

(−0.42) (−2.24) (−1.22) (−0.57)

treat −0.04 0.18*** 0.06 0.15***

(−0.78) (3.49) (1.31) (2.67)

post −0.10*** 0.01 −0.34*** −0.23***

(−3.17) (0.26) (−10.00) (−5.77)

size 0.65*** 0.59*** 0.74*** 0.81***

(52.93) (43.38) (56.89) (50.21)

age 0.01*** 0.003** 0.02*** 0.01***

(7.66) (2.53) (24.02) (11.35)

intz 0.0003*** 0.0006*** −0.0001 0.0005***

(4.09) (7.14) (−1.39) (6.10)

profit −1.11*** −0.72*** −1.79*** −1.45***

(−6.89) (−4.10) (−11.47) (−6.94)

debt −0.26*** −0.03 −0.43*** −0.18*

(−3.76) (−0.46) (−5.38) (−1.87)

liquidity −0.24*** −0.09*** −0.26*** −0.19***

(−10.42) (−4.20) (−8.74) (−6.00)

Constant term 3.23*** 0.62 2.08*** −3.73***

(20.54) (0.90) (3.25) (−14.15)

Industrial effects Y Y Y Y

Regional effects Y Y Y Y

Observation 14779 11076 12646 10360

R2 0.267 0.461 0.430 0.492

Values in brackets are t-statistic. *, **, and *** denote 10, 5, and 1% significance levels,
respectively, with the same subscripts. Y denotes “Yes.”

huge cost may deter these enterprises even though CAFTA has
increased international competition.

Dynamic marginal effects

Since the variable post is assigned a value of 1 in 2005
and beyond, the baseline regression measures the difference
in the average level of enterprise emissions before and
after China became a member of CAFTA (2000–2004
and 2006–2009), which does not reflect whether there
is a time lag and stability in the effect of this public
policy. Accordingly, Eq. 8 is extended with a triple
interaction term comprising the time dummy variable and
treat∗post:

Yit = αi + α3treati + α4postt +

2∑
τ=0

ατDiD−τ∗treat∗i postt

+α5Controlit + µn + ϑj + εit

where DiD−τ is the dummy variable for the year during
the period after China became a member of CAFTA, and
DiD−τ is assigned a value of 1 when the firm is in period τ,
otherwise a value of 0. In this article, the current period of
China’s membership CAFTA (namely, in 2005) is considered
to be in period 0, the first 2 years after China became
a member of CAFTA are seen as being in period 1, and
the second 2 years are considered to be in period 2. The
estimated coefficient ατ is the key subject of examination
for the dynamic marginal effects in period τ. The regression
results with total industrial wastewater discharge and wasteair
emissions as explanatory variables are reported in Tables 5, 6,
respectively. For the full sample in column (1), none of the
coefficients of the triple interaction term DiD−0∗treat∗post is
significant, whereas both coefficients of DiD−1∗treat∗post and
DiD−2∗treat∗post are significantly negative, and the absolute
value of the latter is greater than that of the former. This
proves that it does not work well on industrial wastewater
(waste gas) reduction of enterprises in the period when
CAFTA has just come into force, but gradually improves
during periods 1 and 2, that is, there is a time lag in
the effect of China becoming a member of CAFTA on
enterprises’ pollution reduction, and the marginal effect tends
to expand over time.

A closer look at the samples grouped by ownership
reveals significant differences in the dynamic marginal
effects between SOEs and non-SOEs. Shown as the
regression results for the samples from SOEs in column
(2) that are consistent with the previous findings, the
estimated coefficients of DiD−τ∗treat∗post are statistically
insignificant, indicating that there is no significant effect
of China becoming a member of CAFTA on pollution
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TABLE 5 Dynamic marginal effects of total industrial wastewater emissions.

Types Full sample SOEs non-SOEs Labor-intensive enterprises Capital- and technology-intensive enterprises

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

wastewater wastewater wastewater wastewater wastewater

DiD−0*treat*post 0.04 0.07 0.04 0.13 0.09

(0.64) (0.34) (0.66) (1.35) (0.90)

DiD−1*treat*post −0.10** 0.03 −0.09* −0.04 −0.10

(−2.04) (0.17) (−1.68) (−0.51) (−1.22)

DiD−2*treat*post −0.24*** −0.29 −0.22*** −0.16* −0.35***

(−3.90) (−1.34) (−3.55) (−1.65) (−3.80)

treat 0.07** 0.22** 0.08** −0.04 0.15***

(2.07) (2.42) (2.19) (−0.80) (3.02)

post −0.19*** −0.56*** −0.13*** −0.10*** −0.34***

(−8.85) (−7.93) (−5.85) (−3.18) (−9.49)

Constant term 2.11*** 0.21 4.32*** 3.22*** 2.08***

(3.13) (0.24) (10.82) (20.46) (13.02)

Controlled variable Y Y Y Y Y

Industrial effects Y Y Y Y Y

Regional effects Y Y Y Y Y

Observation 27425 2411 24948 14779 12646

R2 0.45 0.59 0.44 0.27 0.36

Values in brackets are t-statistic. *, **, and *** denote 10, 5, and 1% significance levels, respectively, with the same subscripts. Y denotes “Yes.”

TABLE 6 Dynamic marginal effects of total industrial wasteair emissions.

Types Full sample SOEs Non-SOEs Labor-intensive enterprises Capital- and technology-intensive enterprises

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

wasteair wasteair wasteair wasteair wasteair

DiD−0*treat*post −0.01 0.04 0.002 0.03 0.07

(−0.10) (0.20) (0.02) (0.33) (0.59)

DiD−1*treat*post −0.13** −0.28 −0.10 −0.09 −0.16

(−2.09) (−1.17) (−1.54) (−0.99) (−1.62)

DiD−2*treat*post −0.17** −0.05 −0.19** −0.24** −0.25**

(−2.41) (−0.16) (−2.51) (−2.22) (−2.12)

treat 0.17*** 0.29*** 0.17*** 0.29*** 0.14**

(4.28) (2.76) (3.97) (5.15) (2.25)

post −0.10*** −0.32*** −0.06** −0.10*** −0.16***

(−4.07) (−3.92) (−2.29) (−2.71) (−3.39)

Constant Term −1.37** −2.74*** −1.84*** 0.003 −0.64***

(−2.14) (−2.63) (−4.65) (0.02) (−2.83)

Controlled Variable Y Y Y Y Y

Industrial Effects Y Y Y Y Y

Regional Effects Y Y Y Y Y

Observation 21436 2110 19256 11076 10360

R2 0.48 0.65 0.44 0.31 0.33

Values in brackets are t-statistic. *, **, and *** denote 10, 5, and 1% significance levels, respectively, with the same subscripts. Y denotes “Yes.”

reduction by SOEs. Furthermore, the regression results
in column (3) for the non-SOEs sample show that they
are positive, negative, and negative, respectively, and the
significance and absolute value increase period by period.

This suggests that the dynamic marginal effects of the
samples of non-SOEs are essentially the same as those
of the whole sample, that is, there is a time lag in the
contribution of CAFTA to pollution abatement by non-SOEs
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and, similarly, the marginal effect exhibits an expanding
tendency over time.

In terms of the samples grouped by industry, we
found that the dynamic marginal effects of labor-intensive
enterprises are largely in parallel with those of capital- and
technology-intensive enterprises. The estimated coefficients
of DiD−τ∗treat∗post are shown as positive, negative, and
negative, and they only pass the 5% significance test in
period 2, indicating that there is a time lag of about
3–4 years in the effect of China becoming a member
of CAFTA on the pollution reduction of enterprises in
different industries.

Conclusion

International environmental regulation has evolved
into a kind of “blue trade barrier,” which has become an
important part of the competition rules in the international
market. This article considers China becoming a member
of CAFTA as a quasi-natural experiment and investigates
the impact of trade openness on pollution abatement by
enterprises with the DID method. We found that under
international environmental regulation, the pollution
abatement strategies of domestic trading firms are subjected
to significant constraints from the international environment.
Market competition intensifies in an increasingly open
trading environment, and domestic trading enterprises
will be proactive in strengthening pollution control in
an effort to remain competitive in the host country. The
empirical analysis reveals that enterprises trading mainly
with CAFTA members are generally encouraged to reduce
their pollution emissions after China became a member of
CAFTA. China becoming a member of CAFTA motivates
non-SOEs to fight pollution; however, it is not significant
to SOEs. For the samples divided based on the capital
intensity, it has a more significant positive effect on pollution
reduction for labor-intensive enterprises than capital- and
technology-intensive enterprises. In addition, there is a
time lag in the effect of China becoming a member CAFTA
on enterprises’ pollution reduction and a tendency for
its marginal effect to expand over time, especially in the
samples of non-SOEs.

At a time when the global environment is
deteriorating, it is often used as a trading condition by
multinational corporations to meet certain environmental
standards. The conclusions of this article suggest that
domestic trading enterprises should adopt proactive
strategies, differentiating themselves from rivals
through pollution control. By fully understanding the
environmental culture of target countries, regions,
and economies and weighing the cost of pollution
control and the benefits of competition, efforts could

be made to merge into economic globalization. It
is better to continue transforming and upgrading
the manufacturing process flow and remain in
alignment with international standards to enhance the
competitive advantages of their products, as well as using
relatively cleaner energy.
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