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ABSTRACT
In this paper, we empirically investigate how a governmental envir-
onmental information disclosure (EID) program in China affects the
extensive and intensive margins of export for a panel of Chinese
industrial firms. The results show that stricter enforcement of envir-
onmental disclosure discourages firms’ participation in export.
However, the export volume of remaining exporting firms increases
following more environmental disclosure. The results are robust to a
battery of robustness checks as well as an IV estimation. Mechanism
analysis reveals that firms’ propensity of innovation increases after
stricter enforcement of disclosure, lending support for the Porter
hypothesis.
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1. Introduction

Environmental regulation is an important approach to address environmental problems
in the world. However, some policymakers hesitate to adopt strict environmental regu-
lation for fear that it might increase the costs of regulated firms and hence hurt their
competitiveness in the world market. On the contrary, there are scholars arguing that
properly designed environmental regulation can help firms overcome operational ineffi-
ciency and innovate, which then enhances their international competitiveness (Porter &
van der Linde, 1995). To solve this controversy, a large literature has empirically investi-
gates the relationship between environmental regulation and export at the country/sec-
tor level.1 However, the results are generally inconclusive; and one reason behind the
mixed results is that most of the research is at aggregate levels, without exploring micro
mechanisms using firm-level data.2

To address this issue, this paper empirically investigates the impact of China’s first
governmental environmental information disclosure (EID) program on the extensive
and intensive export margins of a panel of Chinese industrial firms. Using city-level
pollution information transparency indexes (PITIs) and the annual surveys of industrial
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firms (ASIF) in China between 2008 and 2010, we conduct the analysis with a firm
fixed-effect specification. The empirical results are two-fold: on one hand, we find that
stricter enforcement of environmental disclosure discourages firms’ participation in
export. On the other hand, the analysis of intensive export margin shows that remain-
ing exporting firms can export more following stricter enforcement of environmental
information disclosure. The results are robust to a battery of robustness checks as well
as an instrumental-variable (IV) estimation. Mechanism analysis shows that firms’ pro-
pensity of innovation increases with more environmental disclosure, which is compat-
ible with predictions of the Porter hypothesis.

This paper is related to existing literature as follows:
First, this paper relates to a large literature on the impact of environmental regulation

on firm competitiveness. Different from traditional view that environmental regulation
hurts firm competitiveness, Porter and van der Linde (1995) argue that well-designed
regulation fosters firm innovation (the weak Porter hypothesis) and even improves firm
productivity/profitability when the benefits of innovation outweighs compliance costs
(the strong Porter hypothesis). Empirical tests of the weak Porter hypothesis generally
examine firms’ R&D expenditure or patent applications/grants (e.g., Jaffe & Palmer, 1997;
Brunnermeier & Cohen, 2003; Popp, 2006; Lanoie et al., 2011; Kneller & Manderson,
2012). Some research explores the relationship between environmental regulation policies
and innovation in the context of a specific county, such as Netherlands (Leeuwen &
Mohnen, 2017), Sweden (Weiss & Anisimova, 2019) and Germany (Bitat, 2018), whereas
other studies test the weak Porter hypothesis in a cross-county context (e.g., Franco &
Marin, 2017). The tests of the strong Porter hypothesis look into the link between envir-
onmental regulation and direct indicators of firm competitiveness, such as firm product-
ivity and profitability (e.g., Gray & Shadbegian, 2003; Gollop & Roberts, 1983; Berman &
Bui, 2001; Greenstone et al., 2012; Lanoie et al., 2008; Rassier & Earnhart, 2015).
Nevertheless, the results are highly mixed (e.g., Jaffe & Palmer, 1997; Ambec et al., 2013;
Rexhauser & Rammer, 2014). For example, Stoever and Weche (2018) find that German
wastewater regulation cannot significantly affect firms’ competitiveness, while Albrizio
et al. (2017) find a short-run increase in productivity following tightening environmental
regulation in advanced countries. Our analysis adds to this literature since we find that
tighter environmental regulation can increase export volume of exporting firms.

Second, our research adds to an extensive literature on the relationship between
environmental regulation and international trade. In this literature, many studies
investigate the effects of environmental regulation on country-level trade flows, condi-
tional on country characteristics (e.g., Xu, 2000; Harris et al., 2002), while some other
scholars incorporate measures of regulation stringency into the Heckscher-Ohlin
trade model and examine the effects of environmental regulation on export volume at
the sector level (e.g., Levinson & Taylor, 2008; Ederington & Minier, 2003). The exist-
ing results are also inconclusive (Tsurumi et al., 2015).3 This paper is among the
scant literature investigating the link between the EID and firm export. This is an
important topic since the effects of environmental regulation on firm performance
depend on specific approaches of regulation (Brunel & Levinson, 2016).

Third, this research also contributes to the literature on the EID. As the third
wave of environmental regulation, EID is a cost-saving but effective approach of
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pollution control, especially in developing countries that do not have enough institu-
tional arrangements for the enforcement of traditional regulation (Tietenberg, 1998;
Powers et al., 2011). There is a strand of management literature studying determi-
nants of EID (Baldini et al., 2018), how EID affects firm risk and value (Benlemlih
et al., 2018; Fatemi et al., 2018), and how firms use EID to greenwash their public
image (Hassan & Guo, 2017). In environmental economics, existing literature on EID
mainly focuses on the role of EID in pollution reduction (e.g., Powers et al., 2011;
Dasgupta et al., 2007; Wang et al., 2004; Tian et al., 2016), while much less research
has investigated the relationship between EID and firm competitiveness, which is
nevertheless necessary for a comprehensive cost-benefit analysis before the implemen-
tation of an EID program. And this paper will fill this gap.

The remainder of this paper is organized as follows: Section 2 is about the data
and empirical specification. In Section 3, we conduct the empirical analysis, the
results of which are further discussed in Section 4; then, Section 5 concludes.

2. Data and empirical design

2.1. China’s EID by local governments

EID is a specific way of environmental regulation that is widely used in the world.
To combat the worsening environmental problems in China, in 2007, China’s State
Environmental Protection Administration passed the first nationwide program on
EID—the Measures on Open Environmental Information for Trial Implementation
(the Measures for short), which requires Chinese local governments to disclose firms’
environmental information and stipulates in detail the scope of disclosure, proce-
dures, responsibilities and supervision, etc.4

The main mechanism through which EID facilitates pollution reduction is that the
disclosure of unsatisfying environmental information arouses complaints from NGOs
and local communities against polluting firms which are forced to invest in pollution
reduction. In addition, output/input markets respond to environmental disclosure
which provides firms incentive to cut pollutant emissions in order to prevent negative
market reactions. For example, disclosed bad environmental information leads to stock
price decreases in the U.S. capital market (Konar & Cohen, 1997). In 2007, China’s
ministry of environmental protection and the central bank of China passed Opinions on
enforcing environmental laws to prevent credit risks, which requires Chinese commercial
banks to decrease credits allocated to disclosed environmental violators. Also, as inter-
national enterprises increasingly care about ‘green’ supply chains, they may terminate
the cooperation with disclosed polluting suppliers.

Environmental disclosure also decreases information asymmetry among China’s
ministry of environmental protection, local governments and the public and thus
improves traditional environmental regulation (Tian et al., 2016). On the one hand,
Chinese local governments have more environmental information than the public and
the latter will be more aware of local environmental problems under EID program.
Then the bottom-up pressure from the public forces local governments to engage in
traditional environmental regulation in a more active manner. On the other hand,
local governments are also better informed of local environmental situation than the
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ministry of environmental protection. Environmental disclosure reduces the informa-
tion asymmetry and offers local governments fewer opportunities to shirk in environ-
mental regulation while not being detected.

Upon EID, the pressure for pollution reduction forces firms to invest in pollution
abatement, which increases their marginal cost of production and therefore affects
firm export. Below, we will empirically investigate how the EID in China affects the
extensive and intensive margins of firm export.

2.2. Data

Because law enforcement in China usually differs a lot across regions as in other
developing countries, the Institute of Public and Environmental Affairs (IPEA) and
the Natural Resources Defense Council have jointly compiled the pollution informa-
tion transparency indexes (PITI) of 113 Chinese cities since the year 2008, in order
to evaluate the enforcement of the Measures across Chinese cities and years. The
empirical part below will use the PITI indexes of a panel of Chinese cities to investi-
gate the impact of China’s EID program on firm export.

The construction of the PITI indexes is as follows: First, eight aspects of pollution
information disclosure are defined according to the requirement of the Measures and
for each aspect, each city is assigned a numeric score. The scoring is based on if the
disclosure is timely, comprehensive, user-friendly, and systematic or not and higher
scores mean better environmental disclosure performance. Second, the total of the
scores of the eight aspects (the full scores of the eight aspects add up to 100) is the
PITI index of the city that will be used in the analysis. Table 1 defines the eight
aspects of disclosure and lists the average score of each aspect across cities at 2008.

The average scores in Table 1 are relatively low, indicating that the enforcement of
the Measures at the beginning is rather inadequate. For example, the average score
on ‘response to public information requests’ is only 5.38 (the full score is 18), consist-
ent with the finding that Chinese governments often decline public requests of pollu-
tant information, although the disclosure is required by the Measures (Tian et al.,
2016). The PITI indexes also differ a lot across Chinese cities as shown in Figure 1,
implying different enforcement of the Measures across regions. Note that coastal cit-
ies (such as Ningbo with the PITI index of 72.9 in 2008) generally have higher PITI
indexes than inland cities (such as Xining with the PITI of only 10.2 that year), which
can be interpreted by the difference in economic development and demand for envir-
onmental quality across Chinese regions (IPE & NRDC, 2008).

Then the PITI indexes at the city level are merged with firms’ financial data drawn
from the Annual Surveys of Industrial Firms in China (ASIF). The survey is annually
compiled by China’s national bureau of statistics and contains most statement-of-balance
information of all state-owned manufacturing enterprises (SOEs) in China as well as the
non-SOE manufacturers with annual operating incomes exceeding five million RMBs.
One advantage of the surveys is their comprehensive coverage—in 2008, the surveyed
manufacturers produced more than 95% of gross industrial output value in China.
Because the way that the PITI index is compiled has been modified since 2012 and the
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Table 1. Eight aspects of pollution information disclosure.

Aspects of Disclosure
Full
score Description

Average
score (2008)

Disclosure of enterprise violations 28 Disclosure of records for various aspects of
facility violations, including penalties
and enforcement actions taken.

8.85

Results of ‘enforcement campaigns’ 8 Disclosure of results of environmental
protection bureau enforcement
campaigns.

4.33

Clean production audit information 8 Disclosure of firm lists that have been
enforced clean production audits and
their emission data.

2.24

Enterprise environmental performance
ratings

8 Disclosure of firms’ environmental
performance ratings.

0.85

Disposition of verified petitions and
complaints

18 Disclosure of environmental petitions and
complaints, as well as their handling.

6.42

Environmental impact assessment (EIA)
reports

8 Disclosure of EIA reports and project
completion reports, including firms’
emission data.

2.06

Discharge fee data 4 Disclosure of firms’ discharge fees,
including standards, collecting
procedures, waivers or discounts, etc.

0.91

Response to public information requests 18 Whether local environmental protection
bureau has established a standard and
comprehensive system responding to
public pollution information requests.

5.38

Notes: The table is drawn from Tian et al. (2016). The average scores at 2008 are calculated using the data provided
by IPE and NRDC.
Source: created by the authors.

Figure 1. PITI indexes of 113 Chinese cities in 2008.
Source: created by the authors.
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2011 ASIF data miss some key variables of interest, we use the merged panel data between
2008 and 2010 to conduct the empirical analysis.

During data management and cleaning, we follow the procedure of Brandt et al.
(2012) to merge China annual surveys of manufacturing firms. We also delete abnormal
observations as follows: First, following Cai and Liu (2009), we delete observations
missing key variables (such as total assets, employment and sales, etc.). Second, the
firms with reported employment less than 30 or those with reported total assets less
than liquid assets are also deleted from the sample. Third, in light of Bai et al. (2009),
we drop the firms with calculated gross profit rates greater than 99% or less than 0.1%.

2.3. Econometric specification

We estimate the impact of China’s EID program on firm export using the economet-
ric specification as follows,

Excsft ¼ af þa0PITIct þa1PITIct�Poll intensþbXtþ c1Dcþ c2DYþ c3Dsþ ecsft, (1)

where Excsft represents a dummy variable indicating if firm f in sector s of city c exports
or not in year t; it also represents the logarithm of the firm’s export value. PITIct is city-
level PITI index reflecting the extent of environmental disclosure in the city. The inter-
action term, PITIct�Poll intens, is the variable of our interest that reflects the de facto
stringency of regulation in sector s of city c. In the interaction term, Poll intens repre-
sents sectoral pollution intensities. Since such intensities are not readily available in the
literature, we use the information on firms’ pollution discharge fees in the 2004 ASIF
data to construct sectoral pollution intensities. Specifically, we divide the sum of firms’
pollution discharge fees within each 2-digit industrial sector by total value added in the
sector and use the ratio as a proxy for the pollution intensity of the sector. The con-
structed pollution intensities of all 2-digit industrial sectors are listed in Table 2.5

Prior research on firm export finds that exporting firms tend to be older, bigger, more
productive and capital intensive, and spend more on R&D, compared with other firms
(e.g., Roberts & Tybout, 1997; Bernard & Jensen, 2004; Bernard et al., 2007a, 2007b).
Thus, we include firm age, employment, labour productivity, the capital-labour ratio (all
in logs), and firm ownership in the vector Xt of (1). Labour productivity is measured by a
firm’s total production value divided by its total employment; we use real capital stock
calculated following the method of Brandt et al. (2012) when constructing the capital-
labour ratio. Unfortunately, our panel data do not contain information on firms’ R&D
expenditures and instead, we use a firm’s new-product production divided by its total
production value to measure firm innovation. In addition, af is a set of firm fixed effects,
which can control for unobserved and time-invariant firm heterogeneity. DY includes a
set of year dummies, controlling for yearly macro shocks. Since some firms may change
their reported city/sector during the period, we also include city and sector fixed effects
(denoted by Dc and Ds, respectively) in (1).6 Note that Poll intens is not separately
included in (1), because it is absorbed in Ds: Finally, ecsft is the error term. In the analysis
below, we use robust standard errors clustered at the city level when estimating (1), and
Table 3 reports descriptive statistics of main variables that will be used in the analysis.7

6 Y. XIA ET AL.



Table 2. Pollution intensities of all two-digit sectors.
2-digit code Sectors Pollution intensities (%)

16 Cigarette products 0.032
40 Computers, communication and other electronic equip. 0.035
39 Electric devices and apparatus 0.061
21 Furniture 0.075
18 Clothes, shoes and caps 0.076
36 Specialized equipment manufacturing 0.079
30 Plastic products 0.086
24 Educational and sports products 0.093
35 General equipment manufacturing 0.096
42 Craftwork products 0.101
37 Transportation equipment 0.101
29 Rubber products 0.105
23 Printing and record medium production 0.106
34 Fabricated metal products 0.118
32 Ferrous metal smelting and rolling 0.146
13 Agricultural product and by product processing 0.146
19 Leather, fur and feather products 0.146
20 Timber, bamboo, cane and straw products 0.151
41 Instruments, meters, cultural and office machinery 0.181
15 Beverage 0.183
14 Food 0.191
27 Pharmaceutical products 0.251
33 Non-ferrous metal smelting and rolling 0.259
25 Petroleum, coke and nuclear fuel processing 0.292
26 Chemical materials and products 0.311
31 Non-metallic mineral products 0.338
17 Textile 0.343
28 Chemical fibre manufacturing 0.364
43 Resources and waste materials recycling 0.385
22 Paper 0.71

Source: created by the authors.

Table 3. Descriptive statistics of main variables.
Variable No. of Obs. Mean Std. Min Max

Firm-level variables
Log(export value) 132,031 8.55 2.05 0 18.28
If export 619,179 0.213 0.409 0 1
Log age 615,985 1.972 0.741 0 4.12
Log productivity 619,179 5.931 0.973 �5.74 12.03
Log (capital/labour) 619,179 4.14 1.352 �8.7 11.77
Log employment 619,179 4.629 1.151 2.19 11.95
Innovation 595,554 0.03 0.131 0 1
SOE 619,179 0.046 0.211 0 1
Sector-level variables
Pollution intensity 30 0.00185 0.00143 0.00032 0.0071
Energy intensity 30 0.00147 0.00167 0.000097 0.0058
Coal intensity 30 0.00095 0.0018 0.000018 0.0092
Electricity intensity 30 0.0019 0.0016 0.00014 0.0062
SO2 intensity 30 0.00085 0.0012 0.000025 0.005
Log export 7943 11.747 2.536 0 19.443
City-level variables
PITI 336 35.832 16.5 10.2 83.7
Log (punish/GDP) 336 0.4 1.24 �4.91 3.56
Log (GDP per capita) 336 10.468 0.551 9.164 12.07

Source: created by the authors.
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3. Results

3.1. Baseline results

Table 4 shows baseline results of investigating the impact of China’s environmental
disclosure on the extensive and intensive margins of firm export. As a tentative check,
columns 1 and 4 report pooled OLS estimates without firm fixed effects; and the
results using the full specification in (1) are presented in columns 2 and 5. The coeffi-
cients on the interaction term in columns 1 and 2 are significantly negative, indicat-
ing that stricter environmental disclosure discourages firms to participate in export.
In columns 4 and 5, the coefficients on the interaction term are all positive, implying
that remaining exporting firms experience an increase in export value following
stricter disclosure. The results in these columns also indicate that the inclusion of
firm fixed effects can make substantial difference in parameter estimation, suggesting
the importance of controlling for unobserved firm heterogeneity in the analysis. To
check if the results are driven by the firms in extreme sectors, in columns 3 and 6,
we drop top four sectors in Table 2 with the highest pollution intensities and the bot-
tom four sectors with the lowest intensities. Again, we find significantly negative
impact of environmental disclosure on participation in export, and significantly posi-
tive impact on export value.

To evaluate economic significance of the above results, consider a representative
firm in the sector of materials and products (ISIC ¼ 26) and in a hypothetical city
whose PITI index increases from 0 to 100. Then, it can be calculated that firms’ like-
lihood of participation in export will decrease by 1.67%, amounting to 10.03% of the
export participation rate (16.64%) in the sector.8 If the firm continues to export after
environmental disclosure, the estimates in column 5 imply that the firm’s export
value will increase by 2.86%, which is of high economic significance.

The estimated coefficients on other control variables are comparable with existing
empirical evidence on firm export. Firms that are older, bigger, more productive,
with higher capital-labour ratio, and more innovative are found to be more likely to
export and export more.9

Table 4. PITI and firm export.
Dependent variable If export Log(export value)

W/o extreme sectors No No Yes No No Yes
Model No. (1) (2) (3) (4) (5) (6)

PITIct 0.012 0.012 0.013 0.031 0.031 0.027
(0.21) (0.21) (0.19) (0.029) (0.029) (0.33)

PITIct � Pollution
intensitys

20.238*** 20.054*** 20.085*** 0.416* 0.082*** 0.093***

(0.02) (0.01) (0.027) (0.23) (0.023) (0.035)

Estimation method OLS Firm FE Firm FE OLS Firm FE Firm FE

Observations 592,372 592,372 442,153 129,344 129,344 90,857
R2 0.27 0.06 0.05 0.51 0.22 0.23

Notes: City, sector and year fixed effects have been controlled for. In columns 2–3 and 5–6, firm fixed effects are
also controlled for. In addition, we control for firm age, labour productivity, capital-labour ratio, employment (all in
logs), and firms’ new-product intensity. Robust standard errors clustered at the city level are in parentheses. ���, ��
and � represent 1%, 5% and 10% significance levels, respectively.
Source: created by the authors.
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3.2. Robustness checks

3.2.1. With other city characteristics
One concern with the above analysis involves the interpretation of the PITI index. If
the index is correlated with other city-level variables, then the above estimates simply
reflect the influence of those variables. One variable that can be correlated with the
PITI index is the stringency of traditional environmental regulation. We use the
number of punishment cases against firms’ environmental violation in a city divided
by the GDP of the city (in logs) to measure the stringency (denoted by Punishct).
Another city-level variable is economic development since wealthier coastal cities gen-
erally have higher PITI indexes as shown in Figure 1. We use the logarithm of cities’
GDP per capita to measure the level of economic development. Then, we add the two
variables and their interaction terms with sectoral pollution intensities in the econo-
metric specification. Table 5 shows the main results of regression; the estimated coef-
ficients on the interaction term of PITI index is quite stable across different
specifications and are all statistically significant, implying that the above baseline
results do not merely reflect the effects of traditional regulation and economic devel-
opment. Table 5 also reveals that traditional environmental regulation decreases the
export value of remaining exporters, different from the impact of environmental dis-
closure on the intensive margin of firm export. Therefore, different types of environ-
mental regulation may have differentiated effects on firm export.

3.2.2. With different pollution intensities
Another concern is the measure of sectoral pollution intensities. In the literature,
energy-usage intensities and SO2 emission intensity at the sector level are usually
used to evaluate the impact of pollution control policies on firm performance (e.g.,
Hering & Poncet, 2014). To test if our estimation results are sensitive to the pollution
intensities used in baseline analysis. We construct four alternative intensities—sectors’
energy-usage, coal, electricity and SO2-emission intensities; then, we interact these
intensities with the PITI index, traditional regulation stringency, and the logarithm of

Table 5. Robustness check 1, with other city characteristics.
Dependent variable If export Log(export value)

W/o extreme sectors No No No Yes No No No Yes
Model No. (1) (2) (3) (4) (5) (6) (7) (8)

PITIct � Pollution
intensitys

20.052*** 20.08*** 20.079*** 20.094*** 0.099*** 0.062*** 0.071*** 0.089**

(0.017) (0.017) (0.017) (0.02) (0.023) (0.023) (0.023) (0.035)
Punishct � Pollution
intensitys

20.58* 20.303 20.775* 22.139*** 21.907*** 21.637**

(0.307) (0.31) (0.42) (0.515) (0.51) (0.667)
Logðgdp pÞct �
Pollution intensitys

9.14*** 8.95*** 5.43** 11.60*** 10.86*** 15.35***

(1.53) (1.55) (2.34) (1.95) (1.95) (2.85)

Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE

Observations 592,372 592,372 592,372 442,153 129,344 129,344 129,344 90,857
R2 0.06 0.07 0.06 0.05 0.22 0.22 0.22 0.23

Notes: Firm, city, sector and year fixed effects have been controlled for. We also control for firm age, labour product-
ivity, capital-labour ratio, employment (all in logs), firms’ new-product intensity, PITIct , Punishct , and Logðgdp pÞct:
Robust standard errors clustered at the city level are in parentheses. ���, �� and � represent 1%, 5% and 10% sig-
nificance levels, respectively.
Source: created by the authors.
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cities’ GDP per capita, and add the interaction terms in the regression. As shown in
Table 6, we always find a negative and significant effect of environmental disclosure
on the extensive margin of firm export, regardless of the intensity measure used in
the analysis. However, for the analysis of intensive export margin, only using the elec-
tricity intensity can yield significantly positive effects across different specifications.

3.2.3. The role of firm ownership
The role of ownership in the performance of Chinese firms has been widely discussed in
the literature. On one hand, Chinese state-owned enterprises (SOEs) have more bargain-
ing power than the firms with other ownership and thus are more favourably treated dur-
ing regulation (Huang, 2003). To protect the SOEs, Chinese local governments even take
direct price/quantity controls and market intervention to discriminate against private

Table 6. Robustness check 2, with other pollution intensities.
Dependent variable If export Log(export value)

W/o extreme sectors No No Yes No No Yes

PITIct �Energy intensitys �0.065��� �0.085��� �0.074��� 0.056�� 0.028 0.023
(0.016) (0.017) (0.018) (0.024) (0.024) (0.026)

Punishct �Energy intensitys 0.11 0.038 �1.086�� �0.649
(0.26) (0.26) (0.46) (0.49)

Logðgdp pÞct �Energy intensitys 4.96��� 2.2 6.615��� 5.99���
(1.36) (1.4) (1.99) (2.10)

Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE

Observations 592,372 592,372 442,153 129,344 129,344 90,857

PITIct �Coal intensitys �0.071��� �0.102��� �0.087��� 0.064� 0.027 0.157
(0.02) (0.022) (0.023) (0.035) (0.037) (0.39)

Punishct �Coal intensitys �0.049 �0.01 �0.458 �1.57
(0.29) (0.29) (0.642) (6.9)

Logðgdp pÞct � Coal intensitys 6.13��� 3.49�� 7.687�� 6.685��
(1.7) (1.75) (3.08) (3.18)

Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE

Observations 592,372 592,372 442,153 129,344 129,344 90,857

PITIct � Electricity intensitys �0.06��� �0.081��� �0.074��� 0.082��� 0.063��� 0.059��
(0.017) (0.017) (0.019) (0.021) (0.021) (0.024)

Punishct � Electricity intensitys 0.146 �0.043 �1.69��� �1.18��
(0.29) (0.31) (0.433) (0.48)

Logðgdp pÞct � Electricity intensitys 7.16��� 3.65�� 8.187��� 7.507���
(1.44) (1.6) (1.72) (1.94)

Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE

Observations 592,372 592,372 442,153 129,344 129,344 90,857

PITIct � SO2 intensitys �0.084��� �0.114��� �0.103��� 0.06� 0.022 0.064
(0.021) (0.022) (0.025) (0.034) (0.035) (0.39)

Punishct � SO2 intensitys 0.108 0.2 �5.8 �3.36
(0.38) (0.4) (6.4) (7.22)

Logðgdp pÞct � SO2 intensitys 6.37��� 3.41� 8.489��� 7.473��
(1.72) (1.85) (2.93) (3.11)

Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE

Observations 592,372 592,372 442,153 129,344 129,344 90,857

Notes: Firm, city, sector and year fixed effects have been controlled for. We also control for firm age, labour product-
ivity, capital-labour ratio, employment (all in logs), firms’ new-product intensity, PITIct , Punishct , and Logðgdp pÞct:
Robust standard errors clustered at the city level are in parentheses. ���, �� and � represent 1%, 5% and 10% sig-
nificance levels, respectively.
Source: created by the authors.
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firms (World Bank, 2005). Thus, it is natural to predict that Chinese SOEs will be subject
to more lenient environmental regulation. In addition, Chinese governments would pro-
vide extra supports and resources for the SOEs (Dollar & Wei, 2007), implying that com-
pared to other firms, the SOEs’marginal costs will be affected less by the regulation even
though they are equally regulated. On the other hand, Jiang et al. (2014) investigate the
distribution of pollutant emissions across Chinese firms with different ownership and
find that Chinese SOEs generally pollute more than public-listed, foreign-owned and pri-
vate firms. Therefore, everything else constant, the SOEs in China will be affected more
by the regulation.

To analyse how firm ownership influences the effects of China’s EID program, we
define a SOE dummy and add a triple interaction term, PITIct � intensitiess � SOEft,
along with all the pairwise interaction terms in the regression. Table 7 presents the
main results and we do not find a role of firm ownership in the effects on extensive
margin of export. However, for the analysis of intensive export margin, the coefficients
on the triple interaction term are significantly positive in all cases, implying that
Chinese SOEs are affected more by increased environmental disclosure.

3.2.4. Sample attrition and city/sector sorting
The sample in this study is an unbalanced panel with firms exiting the sample each year.
The last column in Tables 8 and A1 investigates the determinants of firm exit from the
sample, and we find that stricter disclosure increases the likelihood of firm exit, with
exporters’ likelihood of exit being lower. This will bias the estimated effects since the exit-
ing and surviving firms differ in their export performance. Note that about 0.08% of firms
in the sample have changed their cities and 3.68% of them have changed sectors during the
period. Although city and sector fixed effects are included in the specification, the estima-
tion results can still be biased if the city/sector sorting is not random and instead correlated
with omitted variables in the error term of (1). To check how our baseline results are influ-
enced by sample attrition and city/sector sorting, in Tables 8 and A1, we re-estimate (1),
excluding the firms exiting the sample before 2010, including only the firms that survive in
the whole period, and excluding the firms that ever changed city/sector. For all the subsam-
ples, we estimate significant and negative effects of environmental disclosure on the

Table 7. Robustness check 3, the role of firm ownership.
Dependent variable If export Log (export value) If export Log (export value)

Intensities Pollution intensity Pollution intensity

W/o extreme sectors No No Yes Yes

PITIct � intensitiess �0.054��� 0.089��� �0.085��� 0.113���
(0.017) (0.023) (0.027) (0.035)

PITIct � SOEft�intensitiess 0.003 0.163� �0.02 0.13���
(0.03) (0.088) (0.06) (0.04)

Estimation method Firm FE Firm FE Firm FE Firm FE
Observations 592,372 129,344 442,153 90,857
R2 0.07 0.22 0.05 0.23

Notes: Firm, city, sector and year fixed effects have been controlled for. We also control for firm age, labour product-
ivity, capital-labour ratio, employment (all in logs), and firms’ new-product intensity. PITIct , PITIct � SOEft , SOEft �
intensitiess are all controlled for. Robust standard errors clustered at the city level are in parentheses. ���, �� and �
represent 1%, 5% and 10% significance levels, respectively.
Source: created by the authors.
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extensive margin of firm export, the magnitude of which is similar to that of baseline
results. The estimated positive effects on firms’ export value (intensive margin) are even
greater.

4. Discussion

4.1. Does PITI reflect other city characteristics?

As discussed before, one problem with the interpretation of the results is that the
PITI index might reflect other time-varying city characteristics. To preclude this pos-
sibility, in this subsection, we conduct further sensitivity check by adding more rele-
vant city characteristics in the regression, based on existing literature.

The research on determinants of the PITI index shows that Chinese cities with
higher GDP per capita and closer to the Hong Kong have higher PITI indexes. Cities
with more pollution and bigger internet coverage also have higher PITIs. The mayors
in Chinese cities with longer tenure are less willing to stimulate economic growth at
the expense of environmental quality. Therefore, mayors’ tenure is found to be posi-
tively correlated with the PITI index of a city (Tian et al., 2016). In addition, giant
firms in a city are able to influence policy-making and thus hinder environmental
disclosure that decreases their profits (Lorentzen et al., 2014). Based on these find-
ings, we add a long list of city characteristics and their interaction terms with sectoral
pollution intensities in the regression.10 Tables 9 and A2 show the regression results,
and we find that the negative effects of environmental disclosure on extensive margin
of export and positive effects on export value are successfully estimated in all specifi-
cations, despite that a long list of PITI determinants have been controlled for. This
implies that our estimation results do not merely reflect the influence of other city
characteristics.

4.2. Environmental disclosure and firm innovation

Porter and van der Linde (1995) argue that properly designed environmental regula-
tion forces polluting firms to break inefficient operational inertia and invest in new
technologies and innovate in order to improve environmental performance.
Meanwhile, the innovation can also bring about more efficient production and prod-
ucts of higher quality, which then increases the demand for goods of regulated firms.
As a result, firms’ intensive export margin could be increased upon stricter regula-
tion. This subsection uses the information on firms’ new-product production to
investigate the impact of China’s environmental disclosure on firm innovation. We
use the 2009 and 2010 ASIF data to conduct the analysis; during the period, about
11.73% of the sample have positive new-product production.11 As shown in Table 10,
firms’ participation in innovation has increased following stricter environmental dis-
closure, which is robust to the inclusion of a long list of city characteristics and the
exclusion of extreme sectors. However, for the firms with positive new-product pro-
duction, we do not find significant effects of environmental disclosure on their vol-
ume of innovation.
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4.3. Endogeneity

One potential threat to our identification is endogeneity issue of the variable – PITIct
in (1). The PITI indexes are not randomly assigned to Chinese cities; instead, they
might be correlated with some unobserved city characteristics and thus lead to biased
estimates. For example, the PITI indexes tend to be higher in coastal cities that not
only grow faster in economy but also thrive in export. Omitting cities’ economic
growth in the specification will lead to downward bias in the estimates of a0, a1 in
(1). On the other hand, if the PITI indexes are positively correlated with other meas-
ures of environmental regulation and the latter hinders firm export, then neglecting
these city-level regulation measures will result in upward bias in the estimated coeffi-
cients. We deal with the endogeneity issue in the following ways: 1) City dummies,
Dc, are included in the specification (1) to control for time-invariant city characteris-
tics. 2) In Section 4.1, a long list of time-varying city characteristics (such as cities’
GDP and variables for other measures of environmental regulation, etc.) have been
controlled for; and the estimated coefficients are not qualitatively different from the
baseline results. 3) Further, we will try to solve the aforementioned endogeneity issue
using an instrumental-variable (IV) estimation as below.

Specifically, we construct IV variables for the PITI indexes using environmental-
impact disclosure indexes for cities’ construction sector. In China, environmental-
impact assessment is required by the MEP of China before the construction of any big
projects, such as highways, bridges and large-scale residential complexes, etc. Since the
disclosure of environmental-impact reports varies greatly across different Chinese cities,

Table 10. PITI and firm innovation.
Dependent var. If innovate Log(new product value)

W/o extreme sectors No No No No No No No No
Model No. (1) (2) (3) (4) (5) (6) (7) (8)

PITIct � Pollution intensitys 0.165*** 0.137*** 0.129*** 0.138*** 0.427 0.135 0.137 0.281
(0.032) (0.032) (0.033) (0.034) (0.65) (0.63) (0.64) (0.65)

Firm controls No Yes Yes Yes No Yes Yes Yes
City controls (1) No No Yes Yes No No Yes Yes
City controls (2) No No No Yes No No No Yes
Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE
Obs. 377,707 374,513 374,513 374,513 40,399 40,066 40,066 40,066

Dependent var. If innovate Log(new product value)

W/o extreme sectors Yes Yes Yes Yes Yes Yes Yes Yes
Model No. (9) (10) (11) (12) (13) (14) (15) (16)

PITIct � Pollution intensitys 0.323*** 0.278*** 0.262*** 0.237*** 20.02 20.59 20.59 20.291
(0.052) (0.053) (0.053) (0.055) (0.75) (0.71) (0.72) (0.79)

Firm controls No Yes Yes Yes No Yes Yes Yes
City controls (1) No No Yes Yes No No Yes Yes
City controls (2) No No No Yes No No No Yes
Estimation method Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE Firm FE
Obs. 281,700 279,186 279,186 279,186 28,888 28,653 28,653 28,653

Notes: ‘If innovate’ is a dummy variable that equals 1 if the firm has positive new-product production and 0 other-
wise. Firm, city, sector and year fixed effects have been controlled for. We also control for firm age, labour product-
ivity, capital-labour ratio, employment (all in logs). PITIct and other city characteristics are also controlled for. City
controls (1) include interaction terms in Table 5; and city controls (2) include interaction terms in Table 9. Robust
standard errors clustered at the city level are in parentheses. ���, �� and � represent 1%, 5% and 10% significance
levels, respectively.
Source: created by the authors.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 15



in 2008, the IPEA in China began to compile cities’ environmental-impact disclosure
indexes to reflect different extent of environmental disclosure in the construction sector
of the cities. We argue that the index of environmental-impact disclosure will be a valid
IV variable for the PITI index for the following reasons: on one hand, both indexes are
determined by local governments’ intent of disclosure and stringency of regulation; thus,
they are expected to be positively correlated (i.e., the relevant condition is satisfied). On
the other hand, although the disclosure of environmental-impact reports can affect the
location and start-up cost of a new business, it will not influence everyday operation
(such as export) of an existing firm. That is, the exclusion condition will be satisfied.

Then, we use the environmental-impact disclosure index as the IV variable for
PITIct , and its interaction term with Poll intens as the IV for PITIct � Poll intens in (1).
Table 11 shows the results of IV estimation. The results of first-stage estimation are
shown in Panels A and B; apparently, it shows that the relevant condition is satisfied for
both IV variables. In Panel C, we list the results of second-stage estimation. Again, the
estimated coefficient on PITIct is insignificant; however, the coefficient on the inter-
action term, PITIct � Poll intens, is significantly negative (positive) for the extensive
(intensive) margin of export, which is compatible with the baseline results. Note that
compared with the results in Table 5, the coefficient on PITIct � Poll intens using IV
estimation is slightly smaller in magnitude for the analyses of both margins of export.
This implies that some omitted variables in the error term of (1) result in a slight
upward bias in the estimated effects using OLS estimation. In addition, the last two

Table 11. IV estimation.
W/o extreme sectors No No Yes Yes
Model No. (1) (2) (3) (4)

Panel A: First-stage estimation (dependent variable: PITI)

IV 0.779��� 0.779��� 0.774��� 0.774���
(0.123) (0.123) (0.13) (0.13)

IV � Poll inten �2.138 �2.138 �8.303 �8.303
(4.95) (4.95) (6.53) (6.53)

Panel B: First-stage estimation (dependent variable: PITI � Poll_inten)

IV �0.00037 �0.00037 �0.00029 �0.00029
(0.0003) (0.0003) (0.0003) (0.0003)

IV � Poll inten 0.859��� 0.859��� 0.816��� 0.816���
(0.174) (0.174) (0.163) (0.163)

Panel C: Second-stage estimation
Dependent var.: If export Log(export value) If export Log(export value)

PITI 0.015 0.037 0.023 0.026
(0.32) (0.41) (0.35) (0.39)

PITI � Poll_inten �0.074*** 0.065** �0.089*** 0.081**

(0.025) (0.023) (0.029) (0.032)
Weak instrument test
Anderson-Rubin Wald test (5.86)��� (4.16)��� (5.4)��� (4.46)���
Stock-wright LM S statistic (15.02)��� (10.33)��� (16.09)��� (11.03)���
Observations 592,372 129,344 442,153 90,857

Notes: The instrument variable (IV) is cities’ disclosure index for environmental-impact reports in the construction
sector. Firm, city, sector and year fixed effects have been controlled for. We also control for firm age, labour prod-
uctivity, capital-labour ratio, employment (all in logs), firms’ new-product intensity, Punishct , and Logðgdp pÞct:
Robust standard errors clustered at the city level are in parentheses. ���, �� and � represent 1%, 5% and 10% sig-
nificance levels, respectively.
Source: created by the authors.
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rows in Panel C of Table 11 show the results of weak-instrument tests, which indicate
that weak instruments are not an issue for the IV estimation in this subsection.

5. Conclusion

This paper investigates the impact of China’s governmental environmental disclosure
programs on the extensive and intensive margins of export for a panel of Chinese
industrial firms. Our findings are two-fold: on one hand, stricter enforcement of gov-
ernment environmental disclosure leads to decreased firm participation in export. On
the other hand, we find that the export volume of remaining exporters increases fol-
lowing stricter enforcement of environmental disclosure, which is robust to a battery
of robustness checks and an IV estimation. In addition, we find that firms’ innov-
ation propensity increases with more environmental disclosure.

Notes

1. See, for example, Harris et al. (2002), Jug and Mirza (2005), Xu (2000), Costantini and
Crespi (2008) and Costantini and Mazzanti (2012) among others. In addition, some
literature examines the impact of environmental regulation on other competitiveness
measures, such as productivity (e.g., Jaffe et al., 1995; Berman & Bui, 2001; Telle &
Larsson, 2007; Lanoie et al., 2008), innovation (e.g., Jaffe & Palmer, 1997; Brunnermeier
& Cohen, 2003), and economic/financial performance (e.g., Khanna & Damon, 1999;
Rassier & Earnhart, 2015).

2. Possible explanations for the different results regarding the link between environmental
regulation and export volume include: First, Soest et al. (2006) argue that there is little
consensus about appropriate and internationally comparable measures of the stringency
of environmental regulation, resulting in different conclusions using different
measurements. Second, Brunel and Levinson (2016) claim that environmental regulation
is multi-dimensional and different approaches of regulation may have different impacts
on firm performance, including export.

3. Detrimental effects of environmental regulation on international competitiveness are
found by Van Beers and Van den Bergh (1997) and Jug and Mirza (2005) among others
while beneficial effects of environmental regulation are found by Xu (2000), Costantini
and Crespi (2008) and Tsurumi et al. (2015) among others. More recently, Ramzy and
Zaki (2018) find that environmental regulation can stimulate innovation activities, and
thus improve countries’ trade competitiveness. Using a gravity model, Helble and Majoe
(2017) find that the implementation of Energy Performance of Buildings Directive
(EPBD) in the EU can bring about more trade in environmental goods.

4. Since the year 2003, China has passed several laws, some aspects of which involve EID,
such as the 2003 Clean Production Promotion Law, the 2004 Clean Production Audit
Methods (for trial implementation), and the 2005 State Council’s Decision on
Strengthening Environmental Protection among others. The Measures, however, are the
first nationwide laws in China specialized in EID.

5. Note that China Pollution Source Census Office has compiled the Handbook of Pollutant
Emission Intensity Coefficients of Industrial Pollution Sources, which includes various
pollutants’ emission intensities of 351 4-digit industrial sectors. However, those
intensities cannot be directly used in this study since the types of emitted pollutants are
different across sectors and thus the calculated emission intensities are not readily
comparable between industrial sectors.

6. Around 0.08% of the firms in the sample have changed the city where they reside in and
3.68% of the firms have changed their reported sectors during the period.
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7. We will not use the Probit or Logit model when analyzing firm participation into export
since the interaction term in (1) is of our main interest and the interpretation of
estimated coefficients of interaction terms in non-linear models (such as the Probit or
Logit model) is quite complicated (Ai & Norton, 2003).

8. Note that the estimated effect on firm participation into trade may be under-estimated
since the firms that exit the sample are more likely to be non-exporters, as discussed
later on.

9. The results will be provided upon request.
10. Specifically, these variables include cities’ GDP per capita (in logs), distance to Hong Kong

(in logs), SO2 emission per GDP (in logs), internet users as a fraction of population, average
output value per firm (in logs, denoted by Log(firm size)), and mayors’ tenure. We also
include in the regression punishment cases against environmental violation per GDP (in
logs, denoted by Punish), dummies indicating if mayors were born in locality (denoted by
Native) and if they have a PhD degree or not.

11. The 2008 ASIF data are dropped because the information on new-product production is
missing in that year.
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