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Abstract: This research studies the impact of a unique environmental regulatory policy called manda-
tory Cleaner Production Audit on firm exports from China using matched firm-level data. Employing
the difference-in-differences approach to examine this effect shows that firms subject to the mandatory
Cleaner Production Audit suffer a relative decline in exports, and this negative effect is stronger
when the implementation of mandatory Cleaner Production Audit was substantially improved in
the later stage. Heterogeneity analyses present that the stringent environmental regulations barely
affect state-owned firms, whereas they are a strong influence on private firms located in the eastern
region of China, and have a much larger negative effect on exports of small-size firms relative to
large-size firms. Mechanism discussions show that there are both the compliance costs effect and the
innovation offsets effect, but the benefits from the innovation offsets effect do not appear to be large
enough to outweigh the compliance costs effect for the regulated firms.

Keywords: environmental regulation; cleaner production audit; firm exports

1. Introduction

In recent years, environmental pollution has become a major concern in China, with
wide-reaching negative effects on not only health and the environment, but also the econ-
omy [1–3]. In response to the growing deterioration of the environment, the Chinese
government is tightening its environmental regulation with the hope that firms will adopt
more environmentally friendly technology and produce more responsible greener products.
Despite some benefits from the cleanup of the environment, however, worriers argue that
the stricter environmental regulation may mirror the loss of comparative advantage, affect-
ing firms’ location and trade flows in the global market, which is called ’pollution haven
effect’ (PHE) by Copeland and Taylor [4]. The growing empirical literatures have set out
to estimate the aggregate-level (industrial or regional) variations in response to tightened
environmental policies, but little has been revealed about the firm-level adjustments of
exporting decisions and its potential mechanism.

The purpose of this article is to address this issue. The existence of the pollution
haven effect has important implications for international trade negotiations, when there is
debate over whether to expand trade agreements to include cooperation with domestic poli-
cies [5–7]. Despite the importance of the pollution haven effect, however, empirical studies
fail to provide conclusive results on the effects of environmental regulation, with some find-
ing no such effects [8–11] and others documenting significant effects [12–20]. There are two
opposing views on the effects of asymmetric environmental policies on the performance of
companies competing in the same market: the conventional view and the Porter hypothesis.
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The conventional view holds that stringent environmental regulation is detrimental to firm
exports, because it imposes additional compliance costs on firms and could undermine
their competitiveness, and therefore has a negative impact on firm exports [21–23]. In
contrast to the conventional view, the Porter hypothesis argues that more stringent environ-
mental policies can actually have a net positive effect on the competitiveness of regulated
firms because such policies promote cost-cutting efficiency improvements, which in turn
reduce or completely offset environmental regulatory costs, and foster innovation in new
technologies that may help firms achieve international technological leadership and expand
market share [24–26].

In this article, we investigate the exporting decisions and potential mechanisms in
response to tightened environmental regulation, using the matched firm-level data of China
based on the Cleaner Production Audit (CPA) reports and the Annual Survey of Industrial
Firms (ASIF). The implementation of the mandatory Cleaner Production Audit programs,
which is a unique environmental regulatory policy of interest in this article, acts as a
quasi-natural experiment to deal with the potential endogeneity issue associated with the
environmental regulation. Combining the propensity score matching (PSM) and difference-
in-differences (DID) approaches, we seek to identify the causal effect of the mandatory
Cleaner Production Audit programs on firm exports, by comparing the participants of the
mandatory Cleaner Production Audit programs with non-participants. Furthermore, we
explore the potential mechanisms through which firms’ exporting performance responds
to the environmental regulation, and we also examine the heterogeneous regulatory effects
by firm ownership, location and size.

We obtain several novel findings about the environmental regulatory effects on firm-
level exporting performance. The mandatory Cleaner Production Audit programs have
significantly reduced the firm export values, which is consistent with the pollution haven
effect, and this negative effect is stronger and more significant when the implementation of
mandatory Cleaner Production Audit programs was substantially improved in the later
stage. This result is robust against a series of robustness checks, including the falsification
test excluding anticipatory effect of pre-treatment trends, the multiple propensity score
matching approaches avoiding estimation bias of single matching method, and the Heckit
model dealing with self-selection bias. Moreover, the stringent environmental regulation
barely affects state-owned firms, whereas it strongly influences private firms located in
the eastern region of China, and has a much larger negative effect on exports of small-size
firms relative to large-size firms. In addition, there are both the compliance costs effect and
the innovation offsets effect for the impact of environmental regulation on firm exports, but
the benefits from the innovation offsets effect do not appear to be large enough to outweigh
the compliance costs effect for the regulated firms.

Beyond the aforementioned policy implications, the contributions of this article to
the existing literature are from four aspects. Firstly, although there is a large body of
research examining the effects of environmental regulations on aggregate trade flows, there
is little work examining the effects of environmental regulations on individual exporters.
Our article contributes to this literature by providing evidence of the micro foundations
underlying these aggregate responses to environmental regulations. Secondly, we seek to
tease out the causal relationship between environmental regulation and firms’ exporting
performance. The mandatory Cleaner Production Audit programs used in this article act as
a unique quasi-natural experiment, providing an opportunity for making a causal inference.
Thirdly, compared with other papers that investigate the effects of stricter environmental
regulations on exports in China, we go a step further to investigate the detailed mecha-
nisms through which stringent environmental regulations affect firm exports due to the
availability of micro-firm-level data. Fourthly, our work contributes to a large literature
studying the determinants of exporting. This literature has examined various factors that
affect exporting, including exporter characteristics, sunk costs, financial constraints, and
experimentation, amongst other factors. We build on this earlier work by showing how
environmental regulations affect firm exports.
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The remainder of this article is organized as follows. Section 2 presents the literature
review, and discusses the theoretical analyses and research hypotheses. Section 3 provides
the policy background of the mandatory Cleaner Production Audit in China, describes data
sources and the construction of the final micro-firm-level dataset for econometric analysis,
and presents the empirical methodology. Section 4 reports the empirical results, including
the baseline results, robustness checks, heterogeneous effects and the mechanism analyses.
Finally, Section 5 concludes this article.

2. Literature Review and Hypotheses
2.1. Literature Review

This article contributes to the growing literature about trade and the environment
centering around the theoretical and empirical relationship among trade liberalization,
environmental regulation and environmental pollution [11–20,27–31]. Copeland and Tay-
lor [4] distinguish the impact of trade liberalization on the environment from the impact of
environmental regulation on trade. The former is related to the pollution haven hypothesis
(PHH), which states that tariff cuts could lead to the relocation of dirty industries from
countries with stringent environmental control to countries with lax environmental reg-
ulations [27–31]. The latter refers to the pollution haven effect (PHE), suggesting that a
stringent environmental regulation would affect site choices of firms in the dirty industries
and henceforth the direction of trade flows [11–20].

Our article is closely related to the literature on the pollution haven effect (PHE), in
particular, those related to China. The theory behind the pollution haven effect is simple,
which is that more stringent environmental policies raise production costs, and this leads
to reduced net exports (or increased net imports) in sectors affected by environmental
regulation. Based upon the country or industry-level data, earlier studies adopt pollution
abatement costs and expenditures or emission intensity as measures for the stringency of
environmental regulation [5,12,32–34], to investigate the impact of stricter environmental
regulation on exports. For example, Ederington and Minier [5], Levinson and Taylor [12],
and Branger et al. [34] use instrumental variables to account for the endogeneity of envi-
ronmental policy and find that more stringent environmental policy reduces net exports.
More recent work exploits firm-level data and geography more fully, focuses on specific
environmental regulation implemented at the nation-wide scale or regional levels, and
seeks to tease out the causal impact of environmental regulation on firms’ location and
trade flows in the global market [16–20]. For example, Cherniwchan and Najjar [18] employ
Canadian plant-level data to investigate the relationship between environmental regulation
and export volumes and the likelihood that plants exit exporting.

The pollution haven effect can also work via foreign direct investment [14,15]. This
strand of literature broadly examines two distinct questions: first, whether relatively lax
policies are a pull factor in attracting incoming manufacturing investments and second,
whether stringent policies are a push factor that influences the decision on outward invest-
ment flows or relocation decisions. A number of studies use the within-country variation
in environmental stringency and find inconclusive evidence on its impact on inward FDI
location [35–37]. For example, Dean et al. [36] examine inward FDI in China and find that
equity joint ventures in polluting industries are generally not attracted by weak environ-
mental standards. Taking advantage of the Two Control Zones policy as a quasi-natural
experiment, Cai et al. [14] find that stricter environmental regulation leads to less FDI
inflow at the firm-level in China. Whether stringent environmental policies encourage
firms to increase foreign assets also remains empirically unresolved [38–40]. For example,
Hanna [15] uses firm-level data to examine whether exogenous changes in regulatory status
under the CAAA caused U.S. multinational firms to increase their foreign assets and foreign
output. Overall, the empirical evidence suggests that the existence of a pollution haven
effect for foreign investment remains unclear.

To summarize, there is some evidence that environmental policy affects firms’ location
and trade flows in the global market, however effects vary across industry and country. By
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focusing on the micro foundations underpinning how environmental regulations affect
trade flows in the context of China, our article is related to work by Hering and Poncet [16],
Shi and Xu [17], Chen and Xu [41], who also study the effects of environmental regulations
on Chinese exporters. However, all of the above papers study the effects of environmental
regulation on aggregate measures of trade rather than individual exporters. In fact, there is
surprisingly little evidence of how environmental regulations affect individual exporters,
except Cherniwchan and Najjar [18], and Zhang et al. [19], but the former paper examines
the effect of environmental regulation on individual exporters in the context of Canada, and
the latter paper does not explore the potential mechanism though which environmental
regulation affects individual exporters. Our article investigates the individual exporting
decisions and potential mechanisms in response to environmental regulation in the context
of China.

2.2. Research Hypotheses

Motivated by a wealth of evidence from micro data, theoretical research in interna-
tional trade increasingly emphasizes the decisions of heterogeneous firms in understanding
the causes and consequences of aggregate trade [42]. In fact, participation in international
trade is relatively rare and is associated with superior values of productivity and other
measures of economic performance. Melitz [43] shows that only firms that are sufficiently
productive can become exporters, as being more productive allows firms to secure a market
share that is large enough to cover the fixed cost of exporting. The heterogeneity in firm
productivity is systematically related to trade participation, with exporters more productive
than non-exporters even prior to entering export markets. Models of firm heterogeneity
provide a natural explanation for these and other features of disaggregated trade data
that cannot be directly interpreted using representative firm models, whether based on
comparative advantage or love of variety. Based on the theories of heterogeneous firms, we
next discuss the exporting decisions and potential mechanisms in response to tightened
environmental regulations.

There are two opposing views on the effects of asymmetric environmental policies
on the performance of companies competing in the same market: the conventional view
and the Porter hypothesis [22]. The conventional view among economists and managers
concerning environmental regulations is that they come at an additional cost imposed on
firms, which may erode their global competitiveness. Environmental regulations such as
technological standards, environmental taxes, or tradable emissions permit force firms to
allocate some inputs (such as labor and capital) to pollution reduction, which is unproduc-
tive from a business perspective. Technological standards restrict the choice of technologies
or inputs in the production process. Taxes and tradable permits charge firms for their
emissions pollution, a by-product of the production process that was free before. These
fees necessarily divert capital away from productive investments [21]. Thus, regulatory
differences across firms, sectors, or jurisdictions can cause changes in relative production
costs. Such changes could arise from differences in direct costs, and increases in relative
costs could also result from higher indirect costs caused by policy-induced changes to
input costs [23]. Differences in environmental regulations can hence alter the competition
between firms by changing their relative production costs. In other words, we can name
the aforementioned conventional view as the ‘compliance costs effect’.

The Porter hypothesis takes the more dynamic perspective that more stringent policies
should trigger greater investment in developing new pollution-saving technological innova-
tions. If these technological innovations induce input savings that would not have occurred
without the environmental policy, they may offset part of the compliance costs. Porter and
van der Linde [24] go further, arguing that environmental regulations can actually “trigger
technological innovation that may more than fully offset the costs of complying with them”,
i.e., lowering overall production costs and boosting the competitiveness of firms. This
Porter hypothesis outcome may occur if cleaner technologies lead to higher productiv-
ity, input savings, and technological innovations, which over time offset environmental
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regulatory costs and improve export performance and market share [25]. For example,
the existence of learning externalities might prevent the replacement of an old polluting
technology by a new, cleaner and more productive technology because firms have a second-
mover advantage if they wait for someone else to adopt. In this situation, the introduction
of an environmental regulation would induce firms to switch to the new, cleaner technology,
which improves environmental quality and eventually increases firm productivity [26,44].
Being same as the conventional view, we can name the Porter hypothesis as the ‘innovation
offsets effect’.

To summarize, the influencing effect of environmental regulations on firm exports,
which is called ‘pollution haven effect’ (PHE) by Copeland and Taylor [4], depends on
the relative magnitude of the ‘compliance costs effect’ and the ‘innovation offsets effect’.
Specifically, if there is only compliance costs effect but without innovation offsets effect;
or if there are both compliance costs effect and innovation offsets effect, for the impact of
environmental regulation on firm exports, but the benefits from the innovation offsets effect
do not appear to be large enough to outweigh the compliance costs effect for the regulated
firms, then we can propose Hypothesis 1a. On the contrary, if there are both compliance
costs effect and innovation offsets effect, and moreover the benefits from the innovation
offsets effect appear to be large enough to outweigh the compliance costs effect for the
regulated firms, then we can propose Hypothesis 1b.

Hypothesis 1a. The mandatory Cleaner Production Audit, a unique environmental regulatory
policy in China, will negatively affect the firm exports.

Hypothesis 1b. The mandatory Cleaner Production Audit, a unique environmental regulatory
policy in China, will positively affect the firm exports.

3. Background and Empirical Strategy
3.1. Policy Background

Cleaner production has been prevalent in many developed countries, such as the U.S.,
Japan, Canada, Sweden, and others, by means of voluntary participation before it began in
China. China started the promotion of cleaner production by establishing national and local
policies and institutions of promotional centers and by carrying out some pilot projects in
designated provinces and industries successively in the 1990s. However, all these cleaner
production measures produced limited effects due to the lack of institutional capacity and
incompatibility with the then-prevailing end-of-pipe treatment approach [45]. On the basis
of these previous pilot projects, China became the first country to make the implementation
of cleaner production practices mandatory for firms by issuing ‘The Cleaner Production
Promotion Law’ in June 2002 [46,47].

The implementation of cleaner production can be roughly divided into two stages
from the enactment of ‘The Cleaner Production Promotion Law’, which is the first relevant
environmental law focusing on pollution prevention in China. It regulated two kinds of
firms that have to carry out the Cleaner Production Audit. One type is firms that exceed
the quotas of pollutant discharge or do not reach standards of pollutant discharge. The
other type is firms that use or discharge toxic or hazardous materials. Its adoption provides
the definition and scope for cleaner production and marks that China has a legal basis in
the implementation of the mandatory Cleaner Production Audit.

The implementation of the mandatory Cleaner Production Audit programs did not
proceed substantially until ‘The Interim Measures on Cleaner Production Audit’ by the
National Development and Reform Commission and the Ministry of Environmental Pro-
tection of China in August 2004, which proposed for the first time the mandatory Cleaner
Production Audit, making it clear how to generate, confirm, and publish firms that have
to carry out the mandatory Cleaner Production Audit projects. In December 2005, the
Ministry of Environmental Protection of China issued the ‘Administrative Procedures for
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Conducting Cleaner Production Audit in Key Enterprises’, detailing requirements and
working procedures of the mandatory Cleaner Production Audit, laying a solid foundation
for the operability and implementation of the mandatory Cleaner Production Audit pro-
grams. By 2005, regulations guiding firms to conduct the mandatory Cleaner Production
Audit projects had been nearly complete.

The concrete implementation procedures are as follows [47,48]. (1) Prefecture-level
environmental departments select and submit to the superior authority a list of firms as
candidates for the mandatory Cleaner Production Audit. Provincial-level environmen-
tal departments confirm and publish the list of key firms (listed firms) to carry out the
mandatory Cleaner Production Audit projects. (2) Listed firms shall disclose environmental
information, including energy consumption and major pollutants within one month after
publication of the list. Aside from disclosure of relevant information, firms on the list shall
complete the Cleaner Production Audit projects on their own or be guided by external
consultants employed by private or government organizations. They have to launch the
Cleaner Production Audit projects within two months after publication of the list and final-
ize the CPA report, which shall be submitted to the local government to wait for assessment
after completing the Cleaner Production Audit projects within one year. (3) The evaluation
and acceptance inspections of the Cleaner Production Audit are conducted by environmen-
tal protection authorities or entrusted institutions. However, the documents did not have
any detailed and uniform passing criteria for the evaluation and acceptance inspections
until 2008. The effectiveness of the cleaner production laws and policies is limited, owing
to the lack of uniform passing criteria, and the implementation of the mandatory Cleaner
Production Audit is largely dependent on the provincial or local circumstances at this stage.

In July 2008, the Ministry of Environmental Protection of China issued ‘The Admin-
istrative Procedures for Evaluation and Acceptance of Cleaner Production Audit in Key
Enterprises’, which added relevant contents of the Cleaner Production Audit assessment
and acceptance inspections of key firms on the basis of the previous acts. The evaluation
is mainly for checking the low-cost cleaner production options that have been carried out
as well as an assessment of the plausibility and feasibility of all medium and high-cost
cleaner production options based on the Cleaner Production Audit report [47,48]. The issue
of this act solves the problems of discrepancy and deficiency in the implementation of the
Cleaner Production Audit programs, and definitely improves the quality and effectiveness
of implementation of the mandatory Cleaner Production Audit. After 2008, more specified
and localized implementation policies and rules were introduced, and the conduction of
the CPA programs entered into a new era [47,49].

The mandatory Cleaner Production Audit, as an integral part of cleaner production,
plays an important role in achieving energy conservation and pollution reduction targets.
It also promotes cleaner production as an important and effective tool to specifically
implement various national plans such as ‘The Atmospheric Pollution Prevention and
Control Action Plan’ [50,51]. Its practice can overall be mainly divided into three stages.
In the first stage (before 2004), the promotion of cleaner production was piloted in some
provinces and its effectiveness was limited, because there was no relevant legal basis.
The second stage (2004–2008) started with the Cleaner Production Promotion Law, and
then more acts were stipulated and specified Cleaner Production Audit implementation
procedures and standards that firms should meet. However, a lack of detailed and uniform
passing criteria for the evaluation and acceptance inspections made the effectiveness of the
mandatory Cleaner Production Audit not as good as expected. The third stage (2009–2012)
accurately started by the establishment of the Cleaner Production Audit evaluation and
acceptance system in June 2008. Acceptance inspections is carried out when all options
have been implemented, and firms conducting the Cleaner Production Audit projects have
to pass the evaluation and acceptance inspections. The provincial governments localize
the regulation and execution of the updated CPA framework in this stage [47,52]. The
effectiveness of the implementation of the mandatory Cleaner Production Audit is clearly
better than any other periods before.
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3.2. Data and Descriptive Statistics
3.2.1. Data Sources

Our datasets mainly have two sources. The first data source is the Cleaner Production
Audit lists. The list of firms participating in the Cleaner Production Audit programs
spanning from 2004 to 2012 in 31 regions was released by the Ministry of Environmental
Protection of China [53–55], of which 17,442 firms are enrolled in the Cleaner Production
Audit programs and two types of firms are included in this dataset. One type is voluntary
firms (the number of firms is 591), which account for a tiny proportion of all listed firms, and
the other type is mandatory firms. The emphasis of this article is to analyze the impact of
the mandatory Cleaner Production Audit on firm exports. As the environmental regulation
costs and the behavior of these two kinds of firms are significantly different, we only keep
firms that are obliged to participate in the Cleaner Production Audit programs. There are six
items in this Cleaner Production Audit list: firm name, the type of participation (voluntary
or mandatory), the year of publication of the CPA list, the year of submitting the CPA
report, the year of evaluation, and the year of passing the acceptance inspections. We have
described them above in Section 3.1. We can find that the number of firms participating in
the mandatory Cleaner Production Audit programs by year increases dramatically after
2008, which is the later stage of the implementation of the mandatory Cleaner Production
Audit programs.

The second data source is the Annual Survey of Industrial Firms (ASIF) collected by
the National Bureau of Statistics of China, from which we obtain the information about firm
production and export. The sample period is chosen ranging from 2003 to 2012 in order to
match with the Cleaner Production Audit data. The dataset of ASIF covers all state-owned
enterprises (SOEs) and all non-state-owned enterprises (non-SOEs) with annual sales of
at least five million dollars in Renminbi (RMB). This dataset also provides much detailed
firm-level information, including firm identification, such as name, location, postal code,
legal representative, industry that the firm belongs to, and all production and operation
items, such as employment, value of exports, wage rate, total assets, net value of fixed
assets, intermediate input, and so on. We then drop the unqualified observations based on
the accounting principles and depreciate all pecuniary variables based on the year of 1998
following Brandt et al. [56].

We merge the dataset of ASIF with the dataset of mandatory CPA lists by using the
name of firms, to construct a new final panel dataset that includes the key variables of
firm export values, the status of whether the firm is under regulations, and other control
variables. The new panel dataset consists of the merged listed firms, which account for
60.3% of all firms being regulated, and all firms from the dataset of ASIF. Here, 10,164 listed
firms participating in the mandatory CPA programs are matched, and the number of all
listed firms is 16,851. Firm-year observations belonging to exporters account for 27.8% of
all observations in our data period during 2004–2012.

3.2.2. Propensity Score Matching

The amount and statistical disparity of the data between treatment and control groups
may be huge. Thus, it is essential to balance two groups by using propensity score matching
(PSM), which was proposed by Rosenbaum and Rubin [57] as a method to alleviate the bias
of treatment effects in an estimation of observational datasets. The basic principle of PSM
is to find non-treated firms (control group) similar to the treated ones (treatment group)
based on the propensity score. Following Heyman et al. [58], we conduct the propensity
score matching approach in two main steps.

We first lag the key covariates that are assumed to affect the firm’s probability of
being regulated to form the independent pre-treatment variables (observable characteristics
of firms). The key covariates include firm total factor productivity, capital intensity, age,
and size, which are regarded as the important factors in explaining the performance of
firm exports in the previous literature [59,60]. It is worth noting that different industrial
firms have varying exposure to be regulated by the mandatory CPA. The more polluted the



Sustainability 2022, 14, 1084 8 of 25

industry is, the more easily firms of this sector are to be regulated. Moreover, the selection of
listed firms is decided by province-level governments, and so the concrete implementation
standards and procedures of the mandatory CPA are different more or less and result in
different probabilities of firms being regulated in different provinces. Therefore, controlling
for the industry and province effects, which lead to different probabilities of firms being
regulated, are important in the process of matching. Next, we split the new panel dataset
into section datasets year by year and get the sub-datasets during 2004–2012, in order to
subsequently compute each firm’s propensity score and match. Additionally, the amount of
non-treated firms is far larger than treated firms, and so there is less concern about whether
the overlap and the balancing property of the propensity score problems could be fulfilled.

Second, we implement the logit model to estimate the propensity score for each firm
and pair the treated firms with the most similar non-treated firms on a propensity score of
1 to 4 via the nearest-neighbor matching method year by year. We then combine the
matched section datasets into the panel dataset for subsequent DID analysis. Finally, we
conduct the balancing test to examine whether the distribution of observed characteristics
of firms is similar between the treatment and control groups.

Table 1 shows the balancing test results before and after matching. Here, we can see
that differences of all observed characteristics between treated and non-treated firms are not
significant after using the propensity score matching approach, and all covariates between
the treatment and control groups are well-balanced.

Table 1. Balancing test.

Variable
Unmatched Mean % Reduction t-Test

Matched Treated Control % Bias |Bias| t p > |t|

ln(tfp) U 1.452 1.406 21.3 15.07 0.000
M 1.452 1.454 −0.9 95.6 −0.47 0.638

ln(output) U 11.474 10.137 99.0 82.92 0.000
M 11.474 11.443 2.2 97.7 1.05 0.294

ln(capital) U 4.798 3.873 79.9 57.42 0.000
M 4.798 4.794 0.3 99.6 0.18 0.855

age U 11.518 9.811 16.1 14.81 0.000
M 11.518 11.495 0.2 98.6 0.11 0.911

Notes: We take the balancing test at the year 2007 for example, and balancing tests for other years are similar.
Source: Authors’ calculations on the matched firm-level data of CPA and ASIF in China.

Figure 1a,b show the propensity score distributions between the treatment groups
and control groups before and after propensity score matching (PSM), respectively. The
matching principle and method are reasonable for satisfying the balancing property of the
propensity score. All these facts prove that the data quality of the control group improves
substantially after PSM.

Figure 1. Propensity score distributions before and after PSM. Notes: (a) shows the propensity
score distributions between the treatment groups and control groups before PSM at the year 2007;
(b) presents them after PSM at the year 2007. We only take the propensity score distributions at the
year 2007 for example, and distributions at other years are similar. Source: Authors’ calculations and
estimations on the matched firm-level data of CPA and ASIF in China.
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3.2.3. Descriptive Statistics

Table 2 presents the definitions of our variables and descriptive statistics, including the
number of observations, means, and standard deviations before and after propensity score
matching (PSM). The rows of Non-PSM in Table 2 tell that firms in the treatment group are
more likely to export, and that export value, total factor productivity (TFP), total industrial
output value, capital intensity, and age are greater than those of firms in the control group.
The rows of PSM provide the summary statistics of our variables after propensity score
matching, and we can see that all observable characteristics of firms in the control group
are very similar to those from the treatment group.

Table 2. Summary statistics before and after PSM.

Variable Status
Treatment Group Control Group

Definition
Obs. Mean S.D. Obs. Mean S.D.

ln(exp) Non-PSM 53,170 4.41 5.27 2,026,037 2.57 4.30 log of (1 + export value)
PSM 44,717 4.59 5.31 134,497 4.31 5.23

ln(tfp) Non-PSM 52,800 1.48 0.20 2,002,980 1.43 0.24 log of firm TFP
PSM 44,464 1.48 0.19 133,651 1.47 0.23

ln(output) Non-PSM 53,170 11.68 1.53 2,026,037 10.28 1.31 log of total industrial
output valuePSM 44,717 11.75 1.49 134,497 11.40 1.58

ln(capital) Non-PSM 52,803 4.77 1.16 2,004,011 3.84 1.31 log of capital intensity (total
fixed assets/employees)PSM 44,466 4.77 1.12 133,691 4.57 1.20

age Non-PSM 53,170 11.56 11.86 2,026,037 9.23 8.46 firm age
PSM 44,717 12.17 12.19 134,497 11.65 10.26

exp Non-PSM 53,170 0.43 0.50 2,026,037 0.27 0.45 status of whether firms are
exportersPSM 44,717 0.45 0.50 134,497 0.42 0.49

Source: Authors’ calculations and estimations on the matched firm-level data of CPA and ASIF in China.

Figure 2 shows the number of firm-year observations for participants of the mandatory
Cleaner Production Audit before and after PSM from 2004 to 2012, respectively. The change
in the number of observations over time before and after PSM is the same, which means
that the final subsamples of listed firms represent the original samples well. Additionally,
firm-year observations belonging to exporters account for 42.8% of all observations after
PSM from 2004 to 2012, with 44.5% for the treatment group and 42.2% for the control group,
respectively.

Figure 2. Numbers of Treated Firms before and after PSM. Notes: This figure presents numbers of
firm-year observations of participants of the mandatory Cleaner Production Audit before and after
PSM from 2004 to 2012. Source: Authors’ calculations on the matched firm-level data of CPA and
ASIF in China.

3.3. Empirical Methodology
3.3.1. Identification Framework

The main objective of this article is to examine the impact of the mandatory Cleaner
Production Audit on firm exports, measured by the logarithm of firm export values. The
implementation of the mandatory Cleaner Production Audit programs provides a great
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natural experiment to conduct the difference-in-differences (DID) analysis by comparing
(i) firms before and after participating in the mandatory Cleaner Production Audit pro-
grams, and (ii) participants of the mandatory Cleaner Production Audit programs (the
treatment group) and non-participants (the control group). We construct a panel dataset
consisting of participants and non-participants of the mandatory Cleaner Production Audit
programs using the PSM approach. As discussed above, we pair the mandatory Cleaner
Production Audit participants with the most similar non-participants that serve as the
substitutes for the unobserved counterfactual. All these preparations in advance allow us to
employ the DID approach to identify the causal effect of the mandatory Cleaner Production
Audit on firm exports. Following Heyman et al. [58], we set up the following DID model
for the logarithm of the value of firm exports:

lnExpijpt = α + βAuditijpt + γTreatijpt + δXijpt + θj + θp + θt + εijpt (1)

where i indexes the firm, j indexes the 2-digit industry, p indexes the 2-digit province,
and t indexes the year. We use the dummy variable Audit to show the regulated status
of the firm. The value of Audit equals 1 when the firm i in industry j and province p has
passed the acceptance inspections of the mandatory Cleaner Production Audit at year
t (including year t), and equals 0 otherwise. The reasons why we stipulate the year of
passing the acceptance inspections of the mandatory Cleaner Production Audit as the time
when firms are regulated run as follows. The lag between the year of the mandatory CPA list
publication and the year when the firm actually launched the cleaner production projects
could be two years [47]. The year when the firm passed the acceptance inspections means
that the firm had completed all the cleaner production options, which substantially put
the firm under more stringent environmental regulations. There are some missing values
for the year of passing the acceptance inspections probably due to a lack of procedures of
acceptance inspections in the early stage of the mandatory Cleaner Production Audit. Thus,
we replace the value of the acceptance inspections year with the value of the assessment
year when the dummy variable Audit is missing.

The coefficient of interest β on the Audit variable captures the DID effect of average
differential in the change for exports of participants of the mandatory Cleaner Production
Audit programs and the change for non-participants. The coefficient β is expected to be
negative, implying that environmental regulations are not conducive to the performance of
firm exports in the short term. The term Treat is also a dummy variable that equals 1 if the
firm participated in the mandatory Cleaner Production Audit programs (treatment group)
during the sample period from 2004 to 2012 and equals 0 if the firm never participated in
these programs (control group). It captures constant differences between the two groups.
The term X is a vector of firm-level controls including the firm’s total-factor productivity
(TFP, which is estimated by the approach of Head and Ries [61]), capital intensity, age, and
size (indicated by the logarithm of total industrial output value), that control for some
key characteristics potentially influencing firm exports in the previous literature [59,60].
Parameters θj and θp are the 2-digit industrial and provincial fixed effects, respectively,
capturing all time-invariant industrial and provincial specific factors potentially influencing
firm exports. The coefficient θt is the year fixed effect, controlling all different unobservable
common shocks that may affect exports of all firms in different years. The notation εijpt is
the error term clustered at the firm level.

As mentioned above in the Section 3.1 of policy background, we roughly divide the
implementation of the mandatory Cleaner Production Audit into two stages. In order
to identify differences of the mandatory Cleaner Production Audit implementation in
different stages, we split Equation (1) into two equations to examine whether the gradually
well-established law and improved enforcement of the mandatory Cleaner Production
Audit programs have more significant impact on firm exports. We classify listed firms
into two types. Firms participating in the mandatory Cleaner Production Audit programs
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during the period of 2004–2008 belong to the first type, and firms during 2009–2012 belong
to the other. We set up these two equations as follows:

lnExpijpt = α0 + β0 Auditijpt2004−2008 + γ0Treatijpt2004−2008 + δ0Xijpt + θj + θp + θt + εijpt (2)

lnExpijpt = α1 + β1 Auditijpt2009−2012 + γ1Treatijpt2009−2012 + δ1Xijpt + θj + θp + θt + εijpt (3)

In Equation (2), we exclude firms that participated in the mandatory Cleaner Produc-
tion Audit programs during the period 2009–2012. Now, the treatment group consists of
firms participating in the mandatory Cleaner Production Audit programs during 2004–2008,
and samples of the control group consist of firms that never participated in the mandatory
Cleaner Production Audit programs, which is the same as estimated before. The dummy
variable Audit equals 1 if the firm had participated in the mandatory Cleaner Production
Audit programs at year t (including year t) during 2004–2008 and equals 0 otherwise. The
dummy variable Treat equals 1 if the firm belongs to the treatment group and equals 0 if
the firm belongs to the control group. In the same way, we only keep firms participating
in the mandatory Cleaner Production Audit programs during 2009–2012 in the treatment
group in Equation (3), while the control group is still the same as before. It can be seen that,
coefficients β0 and β1 capture the impact of the mandatory Cleaner Production Audit on
firm exports in different stages of the mandatory Cleaner Production Audit implementation,
respectively.

3.3.2. Pre-Treatment Assumption

The validity of the DID approach hinges on the common trends assumption, which
requires that the trends of exports between treated firms and non-treated firms are similar
before the environmental regulation. To check the pre-treatment assumption, we set up a
variation of Equation (1) as following equation:

lnExpijpt = α +
5

∑
n=−4

βn Auditi,j,p,t+n + γTreatijpt + δXijpt + θj + θp + θt + εijpt (4)

where the dummy variable of Auditi,j,p,t+n means the treated firm’s nth lead (when n < 0)
and the nth lag (when n > 0). The dummy variable Auditi,j,p,t+n equals 1 when n years
have passed since the year of a firm’s participation in mandatory Cleaner Production
Audit programs; otherwise, it equals 0. It means n years before firms participate in the
mandatory Cleaner Production Audit programs when n < 0. The lead terms enable us to
examine whether the anticipatory effects and pre-existing time trends exist, which violate
the assumption of common trends. The lag terms allow us to pick out the post-treatment
effects after the initial implementation of the mandatory CPA [62,63].

The primary participants of the mandatory Cleaner Production Audit programs were
in 2004, and the latest batch participants were in 2012 in our samples. The most years before
and after participating in the mandatory Cleaner Production Audit programs are both eight.
The number of participants of the mandatory CPA programs has been increasing largely
year by year, and the bulk of them is during 2009–2012 as Section 3.3 shows. In other words,
n is between −8 and 8, and we merge firms whose n < −5 into n = −5 and n > 5 into n = 5
in order to balance the number of firms in every dummy term in Equation (4). We choose
firms whose n = −5 as the baseline group, and thus the coefficients βn are measures for the
impact of environmental regulation on firm exports with the gradual implementation of
the mandatory CPA programs. We expect coefficients βn to not be significantly different
from 0 (when n < 0), implying that there exists no ex-ante divergent trend between listed
firms that had not participated in the mandatory CPA programs in the treatment group
and firms in the control group. The treatment effects (when n > 0) are significantly negative
to the lagged dummy variable terms.
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Figure 3 shows the results of the event study in which the coefficients of the leads are
clearly insignificantly different from 0, and confirm the common trend assumption that
firms in the treatment group are similar to firms in the control group before participating in
the mandatory Cleaner Production Audit programs, and that environmental regulation
has no impact on the previous trend of firm exports. Additionally, firm exports have a
significant downward trend after the implementation of the mandatory CPA programs and
coefficients of the lags are significantly negative except the second-period lag term in the
90% level confidence interval. The results of the post-treatment test provide compelling
evidence that the mandatory CPA affects the performance of firm exports negatively. From
what is mentioned above, we define the time of being regulated as the year when the firm
passed the acceptance inspections, and most firms probably had completed the mandatory
CPA projects by this time. Therefore, it is not odd that firm exports decline dramatically
during the year of being regulated.

Figure 3. Impact of the Mandatory Cleaner Production Audit on Firm Exports. Notes: Event study of
the mandatory Cleaner Production Audit, where vertical dash bands represent the 90% confidence
interval of point estimates. Source: Authors’ estimations on the matched firm-level data of CPA and
ASIF in China.

4. Empirical Results and Discussions
4.1. Baseline Results

We now can assess the impact of the unique environmental regulatory policy called
mandatory Cleaner Production Audit (CPA) on firm exports, by using the DID approach on
the basis of verifying that the assumption of common trends holds. The empirical results
from Equation (1) are in columns (1) and (2) of Table 3. The coefficients of interest on the
Audit variable are significantly negative at the 5% level, indicating that the mandatory
Cleaner Production Audit programs impair firm exports in our sample period, and the
export values of firms subject to the mandatory Cleaner Production Audit are lower than
those of non-regulated firms about 8.2% on average after controlling for the year, industry,
and province effects. Our DID estimation results show that firms participating in the
mandatory Cleaner Production Audit programs tend to export less, which is consistent
with Hypothesis 1a and the Pollution Haven Effect, showing that firm exports are negatively
affected by environmental regulations; and this result is also same as the findings of some
existing related literature, such as Hering and Poncet [16], Shi and Xu [17], Cherniwchan
and Najjar [18], and Zhang et al. [19]. A possible explanation for this phenomenon is that
firms subject to the mandatory Cleaner Production Audit are forced to cut their production
and export activities, owing to increased compliance costs such as the labor input and
equipment investment for pollution control [16].

The estimation results of Equations (2) and (3) are in columns (3) and (4) of Table 3.
In column (3), the coefficient of the Audit variable is insignificantly negative, indicating
that the enforcement of the mandatory Cleaner Production Audit is relatively weak in
the absence of uniform criteria and acceptance inspections for audit results in the early
stage of 2005–2008, and environmental regulations have little effect on firm exports. In
column (4), we estimate the coefficient of interest in the stage of 2009–2012, which is
negative and significant at the 1% level, and its value decreases from −0.08 in the full sample
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period to −0.11, indicating that the impact of environmental regulations on firm exports is
larger and more significant since the substantial improvements on the mandatory Cleaner
Production Audit process after 2008. All these findings suggest that the establishment of a
comprehensive framework and concrete standards and procedures are important for the
mandatory Cleaner Production Audit implementation. All in all, the mandatory Cleaner
Production Audit has little or no impact on firm exports in the early stage with relatively
lax regulations. By contrast, the impact is large and significant in the later stage of the
mandatory Cleaner Production Audit implementation. All these findings indicate that
a comprehensive implementation framework and strong enforcement of environmental
regulations are important and necessary.

Table 3. Baseline results of the impact of the mandatory CPA on firm exports.

lnExp2004–2012 lnExp2004–2008 lnExp2009–2012

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

Audit −0.315 ***
(0.034)

−0.082 **
(0.035)

−0.073
(0.035)

−0.108 ***
(0.043)

Treat 0.112 **
(0.048)

−0.048
(0.046)

0.027
(0.089)

−0.076
(0.052)

cons −4.572 ***
(0.128)

−7.507 ***
(0.214)

−7.478 ***
(0.222)

−7.477 ***
(0.218)

Controls YES YES YES YES

Year Fixed NO YES YES YES

Industry Fixed NO YES YES YES

Province Fixed NO YES YES YES

R2 0.155 0.288 0.291 0.289

Observations 178,115 178,115 146,405 165,361
Notes: ** and *** denote 5% and 1% significance levels, respectively. Robust standard errors clustered at the firm
level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA and ASIF
in China.

4.2. Robustness Checks

To test the stability of the baseline results, we next conduct a series of robustness
checks, including the falsification test excluding anticipatory effect of pre-treatment trends,
the multiple propensity score matching approaches avoiding estimation bias of single
matching method, and the Heckit model dealing with self-selection bias.

4.2.1. Falsification Tests

To verify whether the mandatory Cleaner Production Audit participants started to
conduct some Cleaner Production projects to circumvent regulations that led to systematic
differences with non-participants, a falsification test is performed. We drop firms that had
participated in the mandatory CPA programs, and so the remaining samples consist of listed
firms that had not participated in the mandatory CPA programs in the treatment group and
those non-participants in the control group. We artificially advance the implementation
time of the mandatory CPA by several years as the hypothetical implementation year to
carry out the placebo experiment. If the year t of the listed firm is after the hypothetical
implementation year, then the dummy variable FalseAuditijpt equals 1 and otherwise 0.
The regression equation is:

lnExpijpt = α + βFalseAuditijpt + γTreatijpt + δXijpt + θj + θp + θt + εijpt (5)

where the statistical significance of coefficient β suggests that there should be a significant
difference between the treatment group and the control group before the implementation
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of the mandatory Cleaner Production Audit, such that the validity of the difference-in-
differences (DID) approach will be impaired.

We test 2, 3, and 4 years earlier than the actual mandatory Cleaner Production Audit
implementation year, and the falsification estimation results are in Table 4. We learn that all
coefficients for the hypothetical mandatory CPA indicator, False-Audit, are insignificant at
the 10% level, which exclude the existence of the anticipatory effect for listed firms before
participating in the mandatory CPA programs. This finding confirms that the selection of
participants of the mandatory CPA programs is independent of firm exports after PSM,
such that validity of the DID approach holds.

Table 4. Falsification tests.

2 Years before 3 Years before 4 Years before

(1) (2) (3)

False-Audit 0.030
(0.035)

0.005
(0.038)

0.014
(0.045)

Treat −0.106 **
(0.052)

−0.095 *
(0.055)

−0.102 *
(0.060)

cons −7.420 ***
(0.217)

−7.425 ***
(0.217)

−7.423 ***
(0.217)

Controls YES YES YES

Year Fixed YES YES YES

Industry Fixed YES YES YES

Province Fixed YES YES YES

R2 0.289 0.289 0.289

Observations 161,192 161,192 161,192
Notes: *, **, and *** denote 10%, 5%, and 1% significance levels, respectively. Robust standard errors clustered at
the firm level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA
and ASIF in China.

4.2.2. Multiple PSM Approaches

We then conduct the multiple propensity score matching (PSM) approaches to avoid
the single matching method biasing our estimations. Specifically, we perform multiple PSM
approaches including 1 to 3 and 1 to 5 nearest-neighbor matching methods, to make sure
our estimation results are robust and convincing like beforehand. The empirical estimation
results under other PSM approaches are reported in Table 5, which are consistent with the
baseline results beforehand. Thus, the way to conduct the multiple PSM approaches makes
no big difference, and our baseline results are robust.

4.2.3. Heckit Model

Because not all firms export, there may be a self-selection effect that biases the OLS
estimation. Therefore, we set up the regression equations in terms of the Heckit model,
including two steps to avoid the self-selection bias, and investigate channels through
which the environmental regulations affect firm exports. The first step of the Heckit model
accounts for the firm propensity to export, and the second step accounts for the volume of
a firm’s export if this firm chooses to export. The two equations are:

P
(
Expijpt = 1

)
= α0 + β0 Auditijpt + γ0Treatijpt + δ0Zijpt + θj + θp + θt + εijpt (6)

lnExpijpt = α1 + β1 Auditijpt + γ1Treatijpt + δ0Xijpt + θj + θp + θt + εijpt (7)

The setting of these two equations is similar to the basic equations. The dummy
dependent variable Expijpt in Equation (6) equals 1 if the firm exported at year t and equals
0 otherwise; and Zijpt is a vector of control variables that affect a firm’s export decision-
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making, including Xijpt in Equation (7) and firm location (indicated by Location), which
makes the Heckit model estimates identified more robustly. The dummy variable Location
equals 1 if the firm is located in the eastern region of China and equals 0 otherwise. Firms
located in the eastern region can get access to export opportunities easier, because of infor-
mation sharing through international opportunities, more advanced facilities, and better
service for firm exports, whereas export intensity relies more on firm-specific technological
and productive capacity [17,60].

Table 5. Empirical results using the multiple PSM approaches.

PSM 1:3 PSM 1:5

lnExp2004–2012
(1)

lnExp2004–2008
(2)

lnExp2009–2012
(3)

lnExp2004–2012
(4)

lnExp2004–2008
(5)

lnExp2009–2012
(6)

Audit −0.087 **
(0.035)

−0.077
(0.063)

−0.121 ***
(0.043)

−0.074 **
(0.035)

−0.064
(0.062)

−0.096 **
(0.042)

Treat −0.071
(0.046)

0.024
(0.090)

−0.106 **
(0.053)

−0.027
(0.045)

0.034
(0.088)

−0.050
(0.052)

cons −7.719 ***
(0.239)

−7.762 ***
(0.250)

−7.687 ***
(0.244)

−7.387 ***
(0.197)

−7.336 ***
(0.203)

−7.353 ***
(0.200)

Controls YES YES YES YES YES YES

Year Fixed YES YES YES YES YES YES

Industry Fixed YES YES YES YES YES YES

Province Fixed YES YES YES YES YES YES

R2 0.291 0.294 0.292 0.287 0.288 0.287

No. of Firms 73,596 67,344 71,575 96,000 89,945 94,031

Observations 150,208 118,546 137,499 203,322 171,607 190,558

Notes: ** and *** denote 5%, and 1% significance levels, respectively. Robust standard errors clustered at the firm
level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA and ASIF
in China.

From the estimation results in columns (1) and (2) of Table 6, we see that the coefficients
of interest are both insignificantly negative, indicating that the environmental regulatory
policy called mandatory CPA hinders firm exports by preventing them from entering
foreign markets and decreasing their export value once they enter foreign markets. These
results are also in line with the baseline estimation results beforehand and strengthen the
robustness of the preceding conclusions.

The estimation results in columns (3) and (4) show that environmental regulations
negatively affect a firm’s propensity to export. The implementation effectiveness of the
mandatory CPA comes into being remarkably after 2008, such that the estimation results in
columns (5) and (6) provide us with more compelling evidence to evaluate the impact of
environmental regulations on firm exports. The coefficients of interest, which are negative
insignificantly in column (5) and negative significantly in column (6), present the fact that
the negative impact of the mandatory CPA on firm exports is mainly driven by the decline
in a firm’s export value. According to Melitz [43], non-exporters have to pay a fixed cost
to gain access to foreign markets. Environmental regulations may not increase the fixed
cost (that is necessary to enter the foreign markets), but do reduce the volume of exports by
raising production and operation costs.

Table 6. Empirical results using the Heckit model.

lnExp2004–2012 lnExp2004–2008 lnExp2009–2012

Selection Model Export Model Selection Model Export Model Selection Model Export Model

(1) (2) (3) (4) (5) (6)

Audit −0.004
(0.014)

−0.035
(0.026)

−0.045 *
(0.026)

0.068
(0.047)

−0.015
(0.018)

−0.080 **
(0.033)
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Table 6. Cont.

lnExp2004–2012 lnExp2004–2008 lnExp2009–2012

Selection Model Export Model Selection Model Export Model Selection Model Export Model

(1) (2) (3) (4) (5) (6)

Treat −0.033 ***
(0.009)

−0.136 ***
(0.018)

0.026
(0.021)

−0.210 ***
(0.038)

−0.041 ***
(0.010)

−0.111 ***
(0.019)

cons −3.709 ***
(0.136)

−3.622 ***
(0.238)

−3.673 ***
(0.139)

−3.245 ***
(0.257)

−3.683 ***
(0.141)

−3.634 ***
(0.247)

Location 0.771 ***
(0.137)

0.763 ***
(0.139)

0.727 ***
(0.142)

Controls YES YES YES YES YES YES

Year Fixed YES YES YES YES YES YES

Industry Fixed YES YES YES YES YES YES

Province Fixed YES YES YES YES YES YES

Observations 178,115 76,356 146,405 62,326 165,361 70,554

lambda 1.570 ***
(0.086)

1.484 ***
(0.093)

1.526 ***
(0.088)

Notes: *, **, and *** denote 10%, 5%, and 1% significance levels, respectively. Bootstrapped standard errors are
presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA and ASIF in China.

4.3. Heterogeneous Effects

In addition to the average effects of the mandatory Cleaner Production Audit on firm
exports, this research further investigates impacts of environmental regulations on different
types of firms. Three firm characteristics stand out: firm ownership, firm location, and firm
size. We find the effects in different types of firms are heterogeneous.

4.3.1. Heterogeneity on Firm Ownership

There is a general consensus that state-owned firms are systematically different from
firms with other ownership types in China. State-owned enterprises (SOEs) have remark-
able legal and financial advantages over other ownership types due to China’s unique
institutional landscape described as a political pecking order [60,64]. Local officials’ pro-
motion is closely related to the performance of state-owned enterprises, and so they have
strong motivation to protect state-owned enterprises from environmental regulations,
which may be harmful to their production and operation activities. Lax enforcement of
laws and policies and administrative intervention give SOEs a certain privilege to escape
from more stringent environmental regulations [17,65]. The generally existing fact is private
firms have more credit constraints than SOEs. With better access to finance [19], SOEs are
able to more easily get financial support from credit institutions and local governments to
offset the environmental regulation costs. As Hering and Poncet [16] concluded, SOEs may
not be affected by environmental regulations due to reduced obligations to comply with
regulations and better access to finance.

To examine whether SOEs are privileged relative to other firms in obeying environ-
mental regulations, we set up the following regression equation:

lnExpijpt = α + β1 Auditijpt + β2 Audit × SOEijpt + γ1Treatijpt + γ2Treat × SOEijpt + ϕSOEijpt
+δXijpt + θj + θp + θt + εijpt

(8)

where the dummy variable SOE equals 1 if the firm is a state-owned enterprise and equals
0 otherwise. All other effects are controlled like in Equation (1). As discussed above, state-
owned enterprises are less sensitive to the environmental regulation, due to their privileged
status relative to other ownership firms [16,17,65]. Therefore, the sum of coefficients β1 and
β2 capturing the impacts of the mandatory Cleaner Production Audit on firm exports by
SOEs is expected to be statistically insignificant.
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The estimation results from Equation (8) are reported in Table 7. Column (1) represents
the estimation result for the whole stage of implementation of the mandatory Cleaner
Production Audit. Columns (2) and (3) represent the results for the early and later stages,
respectively. The bottom of the table reports that the p-value from the test of the sum
of coefficients β1 and β2 is 0; in other words, the test based on the hypothesis that the
mandatory CPA has nearly no effect on SOEs. The null hypothesis cannot be rejected due
to the p-value, which verifies our argument about SOEs above.

Table 7. Heterogeneity test on firm ownership.

By Firm Ownership

lnExp2004–2012
(1)

lnExp2004–2008
(2)

lnExp2009–2012
(3)

Audit −0.079 **
(0.037)

−0.085
(0.066)

−0.101 **
(0.045)

Audit × SOE 0.114
(0.137)

0.150
(0.204)

0.103
(0.191)

Treat −0.106 **
(0.048)

−0.019
(0.933)

−0.140 ***
(0.048)

Treat × SOE 0.444 ***
(0.126)

0.397
(0.241)

0.479 ***
(0.142)

SOE −0.772 **
(0.052)

−0.782 ***
(0.052)

−0.795 ***
(0.052)

cons −7.497 ***
(0.224)

−7.446 ***
(0.232)

−7.454 ***
(0.228)

Controls YES YES YES

Year Fixed YES YES YES

Industry Fixed YES YES YES

Province Fixed YES YES YES

R2 0.294 0.296 0.294

Observations 168,161 138,426 156,234

p-value (β1 + β2 = 0) 0.796 0.743 0.993
Notes: ** and *** denote 5% and 1% significance levels, respectively. Robust standard errors clustered at the firm
level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA and ASIF
in China.

4.3.2. Heterogeneity on Firm Location

During the concrete implementation process of the mandatory CPA programs, local
governments are in charge of the selection and confirmation of firms that shall conduct
the mandatory CPA projects and organize the assessment and acceptance inspections for
these firms. Hence, policy enforcement, detailed implementation procedures, and the
assessment and acceptance inspections standards vary across regions. Generally, China’s
eastern region is more developed than its central and western regions in economy and
society, and the pollution in the eastern region is more severe. Thus, the implementation of
the environmental regulation could be stricter [17,52]. In view of this situation, we divide
all of China’s provinces into two areas: Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang,
Shandong, Liaoning, Fujian, Guangdong, and Hainan belong to the eastern area, and the
remaining provinces and municipalities belong to the other area.

Similar to the heterogeneity analysis on firm ownership, we set up the following
regression equation to discuss the heterogeneous effect for firm location:

lnExpijpt = α + β1 Auditijpt + β2 Audit × Regionijpt + γ1Treatijpt + γ2Treat × Regionijpt + ϕRegionijpt
+δXijpt + θj + θp + θt + εijpt

(9)
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Table 8 reports the estimation results of Equation (9), where column (1) is for the whole
stage of 2004–2012, and column (2) and (3) are for the early and later stages, respectively.
The coefficients β2 are significantly negative for the whole and later stages, which indicate
that the implementation of the mandatory Cleaner Production Audit programs has a much
larger negative effect on exports of firms located in the eastern region relative to other
regions of China. The p-value at the bottom of the table also shows that the mandatory
Cleaner Production Audit programs have a significantly negative impact on firm exports
in the eastern region. Our estimation results are in accordance with those in Hering and
Poncet [16] and Shi and Xu [17] for the impact of environmental regulations on different
firm ownerships and regions.

Table 8. Heterogeneity test on firm location.

By Firm Location

lnExp2004–2012
(1)

lnExp2004–2008
(2)

lnExp2009–2012
(3)

Audit 0.144
(0.112)

0.016
(0.164)

0.181
(0.154)

Audit × Region −0.249 **
(0.117)

−0.098
(0.176)

−0.318 **
(0.159)

Treat −0.153
(0.112)

0.274
(0.251)

−0.287 **
(0.120)

Treat × Region 0.120
(0.122)

−0.279
(0.267)

0.240 *
(0.133)

Region 1.922 ***
(0.394)

1.979 ***
(0.410)

1.917 ***
(0.419)

cons −9.429 ***
(0.397)

−9.453 ***
(0.414)

−9.395 ***
(0.421)

Controls YES YES YES

Year Fixed YES YES YES

Industry Fixed YES YES YES

Province Fixed YES YES YES

R2 0.289 0.291 0.289

Observations 178,115 146,405 165,361

p-value (β1 + β2 = 0 ) 0.004 0.216 0.002
Notes: *, **, and *** denote 10%, 5%, and 1% significance levels, respectively. Robust standard errors clustered at
the firm level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA
and ASIF in China.

4.3.3. Heterogeneity on Firm Size

For firms of different sizes, there are obviously differences in economies of scale about
resource utilization, corporate governance, and equipment investment, in accordance with
more stringent environmental regulations. Hence, the costs are heterogeneous for firms of
different sizes in their compliance with stringent environmental regulations [23]. Generally,
the implementation of mandatory Cleaner Production Audits programs, will result in a
smaller increase of average production costs for larger firms, and a larger increase of average
production costs for smaller firms [19,26]. Thus, the stringent environmental regulations
may significantly reduce the exports of smaller firms, while having no significant effect
on the exports of larger firms. In view of this situation, we divide the sample firms into
two categories, according to the median of sample firms’ total fixed assets. Specifically,
firms above the median are classified as large-size firms, while firms below the median are
classified as small-size firms.
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To examine whether the costs of complying with environmental regulations are het-
erogeneous for firms of different sizes, we set up the following regression equation:

lnExpijpt = α + β1 Auditijpt + β2 Audit × Sizeijpt + γ1Treatijpt + γ2Treat × Sizeijpt + ϕSizeijpt
+δXijpt + θj + θp + θt + εijpt

(10)

The estimation results from Equation (10) are reported in Table 9. Column (1) repre-
sents the result for the whole stage of implementation of the mandatory Cleaner Production
Audit. Columns (2) and (3) represent the results for the early and later stages, respectively.
The coefficients β1 are significantly negative for the whole and later stages, which indicate
that the implementation of the mandatory CPA programs has a much larger negative effect
on exports of small-size firms relative to large-size firms. However, the bottom of the table
reports that the p-value from the test of the sum of coefficients β1 and β2 is 0; in other
words, the test based on the hypothesis that the mandatory CPA has nearly no effect on
large-size firms. The null hypothesis cannot be rejected due to the p-value, which verifies
our argument about large-size firms above.

Table 9. Heterogeneity test on firm size.

By Firm Size

lnExp2004–2012
(1)

lnExp2004–2008
(2)

lnExp2009–2012
(3)

Audit −0.084 **
(0.040)

−0.091
(0.067)

−0.120 ***
(0.049)

Audit × Size 0.129
(0.151)

0.157
(0.200)

0.124
(0.197)

Treat −0.115 ***
(0.052)

−0.022
(0.806)

−0.159 ***
(0.044)

Treat × Size 0.470 ***
(0.116)

0.419
(0.273)

0.502 ***
(0.140)

Size 0.552 **
(0.041)

0.560 ***
(0.042)

0.575 ***
(0.040)

Cons −6.738 ***
(0.217)

−6.492 ***
(0.205)

−6.487 ***
(0.202)

Controls YES YES YES

Year Fixed YES YES YES

Industry Fixed YES YES YES

Province Fixed YES YES YES

R2 0.286 0.290 0.289

Observations 173,251 142,384 160,420

p-value (β1 + β2 = 0 ) 0.740 0.729 0.808
Notes: ** and *** denote 5%, and 1% significance levels, respectively. Robust standard errors clustered at the firm
level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA and ASIF
in China.

4.4. Mechanism Analyses

The baseline results show that firms participating in the mandatory CPA programs
tend to export less, which is consistent with the pollution haven effect. According to the
theoretical analysis and research hypothesis in Section 2.2, we further explore the potential
mechanisms through which the mandatory CPA affects firm exports.

4.4.1. Mechanism by Compliance Costs

Environmental regulations generally require labor input and polluting facilities to
undertake abatement activities, and may impose compliance costs on businesses. Thus, en-
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vironmental regulatory differences across firms, sectors, or jurisdictions can cause changes
in relative production costs. According to the theoretical analysis of compliance costs effect
in Section 2.2, firms participating in the mandatory Cleaner Production Audit programs
tend to use the following three methods to comply with the cleaner production standards.
First, inputting more labor for end-of-pipe governance to meet the emission standards,
which is manifested in an increase in the firms’ total wage expenditure. Second, purchasing
production equipment meeting discharge standards to reduce pollution emissions during
the production process, which is mainly reflected in an increase in the firms’ total fixed
assets investment. Third, increasing the operating frequency of pollution control equip-
ment to reduce pollution emissions, which is manifested in the acceleration of equipment
wastage and an increase in the depreciation of firms’ fixed assets.

Table 10 reports the estimation results of the compliance costs effect through which
the mandatory Cleaner Production Audit affects firm exports, by using the DID approach
on the basis of verifying that the assumption of common trends holds, where column
(1) is for firms’ total wage expenditure, and columns (2) and (3) are for firms’ total fixed
assets and depreciation of firms’ fixed assets, respectively. All of the coefficients of interest
on the Audit variable are significantly positive at the 5% level, fully indicating that the
implementation of mandatory Cleaner Production Audit programs impair firm exports,
through increasing the firms’ total wage expenditure, total fixed assets investment, and
depreciation of firms’ fixed assets in our sample period. The aforementioned results show
that the compliance costs effect is indeed an important mechanism through which the
mandatory Cleaner Production Audit negatively affects firm exports.

Table 10. Mechanism test by compliance costs.

By Compliance Costs

Total Wage Expend
(1) Total Fixed Assets (2) Depreciation of

Fixed Assets (3)

Audit 0.037 ***
(0.012)

0.029 **
(0.010)

0.060 **
(0.015)

Treat 0.014
(0.018)

0.017
(0.015)

0.032
(0.029)

Cons 2.490 ***
(0.205)

2.508 ***
(0.211)

2.495 ***
(0.202)

Controls YES YES YES

Year Fixed YES YES YES

Industry Fixed YES YES YES

Province Fixed YES YES YES

R2 0.322 0.351 0.329

Observations 178,115 173,462 173,109
Notes: ** and *** denote 5%, and 1% significance levels, respectively. Robust standard errors clustered at the firm
level are presented in parentheses. Source: Authors’ estimations on the matched firm-level data of CPA and ASIF
in China.

4.4.2. Mechanism by Innovation Offsets

Environmental regulations may also alter firms’ decisions concerning the volume, type,
or timing of their investments, whether in adopting cleaner technologies through plant
refurbishment or replacement or in the development of innovative production technologies
or products [23]. According to the theoretical analysis of innovation offsets effect in
Section 2.2, the mandatory Cleaner Production Audit programs can thus affect firms’ long-
term competitiveness through providing proper incentives for technological innovations.
From an economic perspective, it is critical for environmental regulations to provide
incentives for technological change because new technologies may substantially reduce
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the long-run cost of abatement [25]. From a political perspective, such policy-induced
innovation may also improve the acceptability of environmental policies. Indeed, in the
knowledge-based economy, firms’ competitiveness depends largely on innovation, which
is considered to be a key component of firms’ productivity growth [26].

The estimation results of the innovation offsets effect through which the mandatory
Cleaner Production Audit affects firm exports are reported in Table 11, where we use
the annual number of patent applications extracted from the Chinese Patent database to
measure a firm’s technological innovations, and use total factor productivity estimated
by the approach of Head and Ries [61] to measure a firm’s productivity. Column (1) and
(2) represent the result for firms’ all patent applications and invention and utility patent
applications, respectively. Both of the coefficients for the Audit variable are significantly
positive at the 5% level, indicating that on average, mandatory Cleaner Production Audit
participation stimulates technological innovations. More specifically, these coefficients
suggest that mandatory CPA participation can raise a firm’s all patent applications by
16.3%, and this effect increases slightly to 18.0% for invention and utility patent applications.
Column (3) represents the result for firms’ total factor productivity, where the coefficient
for the Audit variable is significantly positive at the 1% level, indicating that on average the
mandatory CPA participation can promote productivity growth.

Table 11. Mechanism test by innovation offsets.

By Innovation Offsets

All Patents
(1)

Invention and Utility
(2)

Total Factor Productivity
(3)

Audit 0.163 **
(0.081)

0.180 **
(0.079)

0.214 ***
(0.085)

Treat 0.078
(0.075)

0.084
(0.081)

0.066
(0.070)

Cons 5.072 ***
(0.311)

5.148 ***
(0.305)

4.825 ***
(0.292)

Controls YES YES YES

Year Fixed YES YES YES

Industry Fixed YES YES YES

Province
Fixed YES YES YES

R2 0.370 0.364 0.325

Observations 160453 160453 178115
Notes: ** and *** denote 5%, and 1% significance levels, respectively. Robust standard errors clustered at the firm
level are presented in parentheses. Source: Own estimations on the matched firm-level data of CPA and ASIF
in China.

4.4.3. Mechanism Discussions

To summarize, the aforementioned results in Section 4.4.2 show that there is strong
evidence that the mandatory Cleaner Production Audit programs induce innovation activity
in cleaner technologies and promote productivity growth. Consistent with the innovation
offsets effect, by lowering firms’ marginal production costs (and hence product prices in
competitive markets), increased productivity can enhance the competitiveness of firms that
operate in international markets, thus boosting exports and market share. Such being the
case, why does the baseline estimation result show that the mandatory Cleaner Production
Audit negatively affects the firm exports?

The reasons may be that, on the one hand, in Section 4.4.1 we find that the compliance
costs effect is indeed an important mechanism through which the mandatory Cleaner Pro-
duction Audit negatively affects firm exports; on the other hand, the final influencing effect
of environmental regulations on firm exports, depends on whether innovation induced by
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environmental regulations can more than fully offset the costs of complying with them and
enhance firms’ competitiveness [23]. In our article, there are indeed both the compliance
costs and innovation offsets effects, for the impact of environmental regulation on firm
exports; however, the mandatory Cleaner Production Audit programs negatively affect the
firm exports from China. This fully reflects that thus far the benefits from the innovation
offsets effect do not appear to be large enough to outweigh the compliance costs effect
for the regulated entities. Of course, this does not preclude the ability of environmental
regulations to foster the development of global leaders in technological innovations, but
it does suggest that the evidence for the most controversial interpretation of the Porter
hypothesis (or the innovation offsets effect) is lacking.

5. Conclusions

Exporters often take an outsized role in popular debates over the effects of environmen-
tal regulation due to concerns over how these policies affect the ability of domestic firms
to compete globally. However, there is surprisingly little evidence of how environmental
regulations affect individual exporters, although there is a large existing literature study-
ing the effects of environmental regulations on aggregate trade flows. In this article, we
investigate the individual exporting decisions and potential mechanisms in response to the
mandatory Cleaner Production Audit, a unique environmental regulatory policy in China.
Specifically, we use the mandatory Cleaner Production Audit policy as a quasi-natural
experiment to deal with the potential endogeneity issue associated with the environmental
regulation, and combine the propensity score matching and difference-in-differences ap-
proaches to identify the causal effect of the mandatory CPA programs on firm exports, by
using matched firm-level data of China.

We obtain several novel findings about the mandatory Cleaner Production Audit
programs effects on firm-level exporting performance. The baseline results show that the
mandatory Cleaner Production Audit programs hence stifle firm export growth during the
data period, which is consistent with the pollution haven effect, and this stifling effect is
stronger and more significant after the implementation of the mandatory Cleaner Produc-
tion Audit was substantially improved in the later stage after 2008, which suggests that
the establishment of a comprehensive framework and concrete standards and procedures
are important for the mandatory Cleaner Production Audit implementation. This result
is robust against a series of robustness checks, including the falsification test excluding
the existence of anticipatory effect of pre-treatment trends, the multiple propensity score
matching approaches avoiding estimation bias of single matching method, and the Heckit
model dealing with self-selection bias.

Moreover, the impact of the mandatory Cleaner Production Audit programs is not
homogeneous on different types of firms, especially in terms of firm ownership, firm size,
and in what region the firms are located. Specifically, state-owned firms are less affected
by the stricter environmental regulations, compared with firms under other ownerships,
reflecting the existence of the political pecking order of Chinese firms. The negative impact
on firms located in the eastern region of China is stronger due to stricter environmental
regulations spawned by a more developed economy and society. The mandatory CPA
programs significantly reduce the exports of smaller firms, while having no significant effect
on the exports of larger firms. Furthermore, the mechanism discussions show that there
are both the compliance costs effect and the innovation offsets effect, but the benefits from
the innovation offsets effect do not appear to be large enough to outweigh the compliance
costs effect for the regulated firms.

Our results shed light on some profound policy implications. Firstly, in developing
countries like China, governments nowadays are investing large amounts of resources to
reduce the increasingly severe pollution, and environmental policy is beneficial in many
ways, in terms of the economy and public health, but our study finds a negative effect
of stringent environmental regulation on firm exports for a short time, especially for the
private firms and small-size firms located in the eastern region of China. Policymakers
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therefore need to take some measures to alleviate the negative impact on firm exports
in future policy making, for example, giving appropriate subsidies for the affected firms
to purchase pollution control devices and update pollution abatement technologies, and
providing some preferential measures for trade in intermediate goods. As a result, our
findings are helpful for the construction of an accurate policy package to alleviate the
negative impacts of stricter pollution controls on firm export values.

Secondly, the impact of environmental policy appears to be mitigated by state own-
ership, suggesting that the analysis at the ownership level further uncovers a potential
obstacle to the effectiveness of environmental policy, which is important for China as it
endeavors to improve environmental quality. It is thus very important to address the gap
between state and non-state firms, even if more work is needed to understand what is
behind this effect. Thirdly, it will be interesting to investigate whether individual exporters
eventually exited the export market or bounced back after adapting to the environmental
regulation, as such long-term effects have important implications for evaluating current
policy and future policy making. This is a potential topic for future research when the rele-
vant data are available. Last but not least, the establishment of a comprehensive framework
and concrete standards and procedures are important for the effective implementation of
environmental policy.
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