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Abstract: Is a firm’s ability to export an importadeterminant of environmental
performance? To answer this question, we constauanique micro dataset that
merged two rich firm-level datasets for China f@02. When combining this new
dataset with well-received empirical specification® found that both export status
and export intensity are associated with lowernsudioxide (SQ) emissions intensity.

In addition to the traditional OLS estimation, werified this association by using the
propensity score matching method. Our findings shioat the baseline result still

holds. In short, exporters are more environmentéilgndly than non-exporters,

which is in line with previous evidence reported developed economies. We further
discuss mechanisms that explain the observed pattet show that exporters realize
higher abatement efforts compared to non-exporiEingss study complements the
literature in terms of providing China’s micro egitte on S@abatement efforts. It

also serves as a first step toward a better uradetsig of the impact of trade on the
environment, especially in developing countries.
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1. Introduction

Along with the expansion of production across cadasf due to ever declining trade
costs and progress in information and communicati@echnology, growth in trade
exceeded that of gross domestic product over ttewa decades (Constantinestu
al., 2014). Meanwhile, as “pollution is a by-productrefjular economic activities”
(Leontief, 1970, p. 262), environmental degradatimreased at an unprecedented
rate in recent decades. China is a prominent exam@plit has become the largest
sulfur dioxide (SQ) emitter and the largest trading nation in regezars (Klimontet
al., 2013; and Trade Profiles in the World Trade Orgatidort). These well-perceived
facts have intensified the long-time debate on retrade is good or bad for the
environment.

Grossman and Krueger (1991) were among the firatitivess the effects of trade
on the environment. In their research, they disegiéal pollution into three distinct
elements that originate from trade; these are thée sffect, the composition effect,
and the technology effect. Empirical findings or tmpact of these effects are mixed
in nature. Studies mainly center around the contiposieffect, examining whether
different environmental regulations or differentcttar endowments would affect
comparative advantage; thus, leading to two altermahypotheses, namely, the
“pollution haven hypothesis” and the “factor endosnhhypothesis” (Copeland and
Taylor, 1994; Antweileet al, 2001; Cole and Elliott, 2008) The policy implications
of these alternative hypotheses are different. ikstance, if the empirical evidence
were to not support the “pollution haven hypothedisen the potential gains from
trade would be largely underestimated. In otherdspra deeper study that uses

firm-level data may reveal new facts regardingredationship between trade and the

1 China has ranked first in terms of merchandiggods in recent years, amounting to 2.48 trillion
USD in 2018 (increasing from 1.22 trillion USD in 0@7), see for example
https://www.wto.org/english/res_e/publications adi profiles18 e.htimAs foreign exports are serve
foreign demand, this can also be used as an imdicdtinternational market exposure. Hence, in
absolute terms of exports, China is subject to kigtosure to international markets.
2 According to Copeland and Taylor (200¢hg effects of trade liberalization on environmégtaality
depend on, among other factors, differences inugiohl policy (more stringent environmental policy
may drive away production, i.g¢he pollution haven hypotheyiand differences in factor endowments
(the capital-abundant country produces polluticdesisive goods that will increase pollution due to
production expansion, i.g¢he factor endowment hypothgsis theory, it is not clear which hypothesis
dominates in the real world; thus, empirical testscalled for (see also Temurshoev, 2006).
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environment (as pursued in Cherniwcledral.,2017). In this paper, our claim is more
focused as we test for Chinese data whether asfigrport intensity (respectively,
export status) is associated with a lower enviramalempact. Specifically, we focus
on sulfur dioxide (S@ emissions, one of the main local pollutants wsewvere
negative effects for the environment and humanthgBlEIl, 2016).

Discussions on environmental policy issues haven lggewing in China (Xu,
2011), and trade policies are often adopted toemddsuch issues (Eisenbarth, 2017).
Furthermore, international events such as the Z2D§&pic Games in Beijing also
tightened environmental constraints (léé al.,, 2016). These developments have
mixed effects on both exporters and non-exportkrstheory, there is a positive
association among productivity, exporting decisjarsd environmental performance
(see Cuiet al., 2012 and Forslicet al., 2018, for a related discussion). Typically,
productive firms are more likely to export and alsadopt environmentally friendly
technology. Hence, exporters are expected to hatterkenvironmental performance
than non-exporters. However, studies that usedd&Shkidata found paradoxical results
on the relationship between exports and produgtivit particular, they found that
exporting firms are less productive than non-expgrfirms (Lu, 2010% Thus, it is
far from clear whether exporters are environmeytaiendlier than non-exporters
(Holladay, 2016).

The availability of micro-level data allows for a&tter understanding of firms’
heterogeneity in regard to their environmental genance (Bernard and Jensen,
1999; Tybout, 2001). More recent empirical studsegk to explore the firm-level
relationship between export status and environmeperformance, and the
mechanisms at play. For example, British exporfings are found to contribute to
better environmental performance because they ateomore (Girmaet al, 2008).
Similar results are obtained for Ireland (Batrakcsad Davies, 2012), Sweden
(Forslidet al,, 2018), and the US (Holladay, 2016). Clearly, tmesearch focuses on

developed countries, while evidence from develomungnomies is scant. There are

3 In contrast, Daet al. (2016) found that the exporters in China exhibitégher productivity than
non-exporters, after removing the firms that perf@rocessing trade.
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two main reasons for the relatively small amouniitefature for developing countries.
First, data availability and quality are one of thain constraints; second, empirical
technigues may not be readily available to addredsin issues in the data.

This paper builds on previous research as it ensplayunique dataset to
investigate the relationship between export intgngespectively, export status) and
SO, emissions intensity at the firm level. Besidedqrening benchmark regressions,
the propensity score matching — or PSM — is alsaptadl to the dataset. To that end,
we combined two rich firm-level datasets for Chinamely the National Bureau of
Statistics’ annual survey of industrial productihSIP), which shows firm-level
production information, and the environmental stais database obtained from the
Ministry of Ecology and Environment, both for theay 2007. Next we merged the
two datasets in which the official enterprise naseeves as a bridge to link the two
datasets. A total of 37,446 observations were ssteky matched.

Our findings can be summarized as follows. Firshegative effect of export
intensity on the emissions intensity is observgukcHically, a one percent increase in
export intensity leads to a 0.167 percent decr@as®), emissions intensity (other
things being held constant). Next, as a robustokssk, the PSM is adopted and the
baseline results still hold. In short, exporters arore environmentally friendly than
non-exporters, which is in line with previous ewvide reported for developed
economies.

We also discuss several potential mechanisms #pdéia the observed pattern.
On one hand, there is an “internal” channel whereeghmental regulations, either
targeted on the emissions of all polluters or oa plollution intensity of exports,
incentivize pro-environmental behavior. On the othand, supply-chain pressure
from customers abroad, i.e., an “external” chanimelyces exporting firms to reduce
their pollution levels. Both channels imply thatpexters abate more emissions and
this is confirmed by our data. This result addsdditional rationale for coordinating
environmental policy with trade policy in develogioountries; thus, serving as a first
step toward better understanding the role of tadthe environment.

Our study contributes to the existing literaturéhree ways: first, we merged two
4



rich firm-level datasets for China, which adds le titerature on Chinese empirical
evidence; second, besides exporting status, exmerisity is used to better capture
the relationship between exports and, 8issions; and third, we propose to use the
PSM method because it complements the traditioh& &pproach.

The rest of this paper proceeds as follows. Se@i@novides a brief review of
the related research. Section 3 describes outbdatand presents some stylized facts
on our unique dataset. Section 4 formally introduttee econometric models and
conducts the empirical investigation on exports &M@ emissions. Section 5

discusses some potential explanations for the vbdgrattern. Section 6 concludes.

2. Related literature: A selected review

Our study relates to an active research area thas wumacro models (e.g., the
input-output model) to estimate emissions respdlitgibthrough the so-called
production-based accounting method versus its copBan-based accounting
counterpart (Petemst al., 2011; Hertwich and Peters, 2009). It is commorcia in
this line of research to rely on the homogenousrelogy assumption to study
emissions embodied in trade. Given the theorefpcatliction that exporters have
higher productivity levels and lower emissions sy, if confirmed by the empirical
evidence, to date this line of research has ovtesthe role of international trade in
overall growth in emissions. In other words, theeptial gains from trade are
underestimated as the negative environmental coesegs due to trade are
overstated.

Importantly, Dietzenbacheet al (2012) explicitly addressed heterogeneous
technology for the processing trade; thereby disfishing normal trade from
production for domestic use by extending China'smab input-output table to
distinguish processing exports from normal expofieey found that the usual
estimation method would overstate the contributadnexports to carbon dioxide
emissions by as much as 60 percent. From an adogystint of view, by implicitly
assuming that the input structure determines thisseoms intensity, they separately

estimated the emissions intensities and foundgr@tessing exports are cleaner than
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normal exports, whereas the latter are cleanertti@se that produce purely domestic
production goods. The production structure was doianbe the single most important
factor in the observed pattern. This study cleariproves our understanding about
exporters and environmental performance, and pesvidicro evidence that supports
the differentiated treatments concerning exporéing non-exporting activities.

In a broader sense, the interactions between mtienal trade and the
environment have long been studied and discussedrdéviously noted, Grossman
and Krueger (1991) decoupled the three effectsaoleton the environment: the scale
effect (leading to more pollution as output expantlse composition effect (which
may or may not contribute to more pollution, depegdon the relative growth of
clean industries and dirty ones); and the technpleffect (which drives down
pollution). Evidently, the impact of trade on tha@veEonment depends on the
combined effect of these three distinct factorsbseguently, Copeland and Taylor
(1994) developed a North-South trade model thaivsttbe interaction between trade
and the environment, assuming a pollution tax ashin driving force behind trade
and its environmental impact. They note that whiligh-income (developed)
countries choose higher pollution taxes, whichmdtiely have a positive impact on
the environmental quality in the North, there isegative effect in the South.

More recent studies relax certain assumptions amwbrporate imperfect
competition (e.g., Beladi and Oladi, 2010) and togfeneous trade theory (e.g.,
Kreickemeieret al., 2014)* By and large, no clear consensus has been reached
concerning the environmental effects of trade hbeation (also taking into account
the two alternative hypotheses, namely the “factadowment effect” and the
“pollution haven hypothesis”). Therefore, there asneed to further empirically
examine the impact of trade on the environment ésexent review by Cherniwchan
et al.,2017).

Numerous empirical studies have tested the abovd#iomed hypotheses. For

4 In a related study, Baldwin and Ravetti (2014)icoan emission-augmented Melitz model, and
provide the case that trade liberalization can urigoously lower emissions if coupled with transfers
of green technology, despite compound factors (sisctine size, productivity, and emissions proffle o
the trading partner) are at play.
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example, Antweileet al. (2001) extended the Grossman and Krueger (199temo
by including a pollution demand-supply specificatend empirically estimating both

the signs and the magnitudes of the three effezgpectively. They found a relatively
small composition effect, and since the technolefifgct is much larger than the scale
effect, trade seems to have a positive effect eretivironment (maybe partly due to
the fact that trade can affect both output andnmesimultaneously).

As stated above, as China is the world’s largestiig nation and SCemitter, it
has received considerable attention. For instabean (2002) proxied environmental
guality by using chemical oxygen demand (COD) aewktbped a testable model that
is based on the factor endowment theory. She shmatshe direct impact of trade on
the environment is unfavorable; however, it is lfiers to the indirect effect (via
increasing income) of environmental quality as#éds to a net positive effect in that
trade is conducive to the improvement of environtaleguality. Dean and Lovely
(2010) further considered the effects of traderibeation on the environment and
find that both the composition effect and the texdbgy effect can partly explain the
observed pattern. Moreover, they point out the rbgeneous performance of
different firms, an important aspect that will hgther considered in our study.

One of the most related studies to our work is tidtorslidet al. (2018), who
developed a model of trade and carbon dioxideJ@&missions and heterogeneous
firms, where firms make abatement investments bateby have an impact on their
emissions (see also Ceti al.,2012). The model shows that investments in abatemen
are positively related to firms’ productivity angperts. Emissions intensity, however,
is negatively related to firms’ productivity andpexts. Forslidet al. (2018) show that
the overall effect of trade is to reduce emissi@mg] they find empirical support by
applying Swedish firm-level data to the model.

An endogeneity problem might arise when empiricathamining the impact of
trade on the environment; this could occur if theilere to be measurement errors
concerning estimates of the possible interactiawéen trade and the environment.
Previous studies have contributed to investigatialmng this vein. For example,

Frankel and Rose (2005) tackled the endogeneitpeis§ trade and income, focusing
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on the causal effects of trade on environmentalityugee also Loschedt al., 2013;
Managi et al., 2009). Gamper-Rabindran (2006) used the differémabfferences
approach (DID) to address the endogeneity probkee &lso Baghdaét al.,2013).
These studies found a positive impact of traderssirenmental quality.

In contrast, another strand of research argues itltatnational trade is not
conducive to improvements in environmental qualdy at best the effect is
ambiguous. For example, Coét al. (2006) used energy consumption as the main
dependent variable (rather than various pollutaatg) found a positive correlation
between the degree of trade openness and per eaqatgy consumption. Cole and
Elliott (2003) focused on the determinants of tlwenposition effect, basing their
study on Antweileret al. (2001). They show that the composition effectsrafle on
the environment can be distinguished into two ck&nrihat affect the product
structure: i) through the comparative advantaget teeems from different
environmental regulations; and ii) through differéactor endowments of countries
(on the premise that pollution-intensive products@apital-intensive in nature). Their
results show that the trade-induced compositioeceff less than the scale effect, the
technology effect, and the direct composition dfféarther, the net effect of trade on
environmental quality varies with the choices oflljgants and the dependent

variables.

3. The data

Two rich datasets were combined to arrive at thal fsample in this study; they are
the annual survey of industrial production (i.eSIR) conducted by National Bureau
of Statistics and the Ministry of Ecology and Eoviment’s environmental statistics
database; both datasets are for the year 2007VWa@g et al., 2018, who used a

similar dataset to test COD-related regulationsy@mnufacturers’ productivity). The

ASIP database records 336,768 industrial entepiis€hina, accounting for about
95 percent of the total output value and coveringthof the manufacturing sector and
several service sectors. This dataset provideslettfaroduction-related information,

such as firm size, sales, capital flow, and expbatus; in addition, it provides a
8



gualitative description of the enterprises’ identiand industry information and
location, among others.

A total of 104,058 enterprises were surveyed in éngironmental statistics
database for 2007, which reports most of the enwentally related information on
business enterprises: the name of the enterphiseggdministrative area code, the date
the firm opened, the total output value, the coriion of water, coal, oil, and gas;
these firms’ waste water discharge, chemical oxydemand, and emissions of
ammonia and nitrogen, sulfur dioxide, smoke andt,daisd NQ. Enterprises that
discharged more than 85 percent of emissions ireglbns (districts and counties as
the basic units) are listed as the key enterprisesise in this investigation. In
accordance with the national economic industry sifi@sition (GB/T4754-2002),
these enterprises are listed in three broad ingsstmining, manufacturing, and the
production and supply of electricity, gas and water

Next, we briefly discuss the matching procedure @daie processing. First, all the
firms’ names in the ASIP and environmental statsstlatabases were checked, and
invalid and/or duplicate records were deleted. Batahing the firms’ names, a total
of 37,915 effective matching observations were iobth Second, for the remaining
unmatched sample, we further matched them by usingg’ previously-registered
names in the environmental statistics databasdiand’ current names in the ASIP
database; thereby obtaining 507 additional effeabilvservations for a total of 38,422.
Third, enterprises with zero total output and/oremaployees were omitted. Moreover,
export intensity was defined as the ratio of thepagkdelivery value in 1,000RMB +1
to the total industrial output value in 1,000RMBy Befinition, the export intensity
should ben the range of [0, 1]; thus, we omitted firms wéRport intensities larger
than one. We also dropped observations with urnielidata on firm age, and missing
or negative data on value added and capital stadkoa employment figures, and
firms with fewer than 10 employees, where it wassilae that data were missing due
to a possible lack of reliable accounting metha#d® (e.g. Zhangt al, 2018; Brandt
et al.,2012). Also, observations that violate basic actiogmrinciples were dropped,

such as when the total value of liquid assets,dfiassets, or net fixed assets was
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larger than the value of total assets and/or whervalue of current depreciation was
larger than the value of cumulative depreciationinally, 37,446 effective
observations were used in this study.

To check for representativeness, the two main bbesa—SQ emissions and total

output—are reported in Table 1.

Table 1 Merged dataset using ASIP and environmental statis

Number of SO, emissions (in  Total output (in

firms 1,000t) 1,000 mRMB)
ASIP (1) 336,768 n.a 405,142.93
Environmental statistics (2) 104,058 8,572.9 172,83
Matched (3) 37,446 3,957.28 106,954.57
(3)/(1) in % 11.12 n.a 26.40
(3)/(2) in % 35.99 46.16 61.89

In terms of the matches, 11.12 percent of firmshm ASIP database and 35.99
percent of firms in the environmental statistickalase were successfully matched. If
total output and S©emissions are used as the metric, firms in thepkaaccount for
46.16 percent of the total 3@missions in the environmental statistics datalaaske
26.4 percent of the total industrial output valu¢he ASIP database, respectively.

To answer our research question, we chose to useli&3sions intensity as the
main dependent variable and export intensity asnthén explanatory variable, all
taking the natural logarithmic form. Additionallwe included control variables on
firm characteristics, such as total output, totalmber of employees, labor
productivity, and age. Information on location, uistty type, and registration type
were included as dummy variables. The names andititafs of all of the variables

used in this paper are provided in Table 2.

5 Note that the share of total output in the AS#Patlase is roughly 95 percent of the total indaistri
output value for China as a whole; and,®@nissions in the environmental statistics datalbaseunt
for roughly 85 percent of China’s total $@missions. This means we can obtain the reprdseamass
of the total output value and total S@missions by multiplying the ratio of the totaltput from the
matched sample by 95 percent (i.e., 0.264*0.95=4).2hd the ratio of the SGmissions from the
merged data by 85 percent (i.e., 0.4616*0.85=0.39at is, our sample accounts for one quarter of
the total output value and nearly 40 percent oh@&kitotal SQ emissions in 2007.
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Table 2: Variable definition

Variables

Description

SO, emissions
SO, emissions intensity

export
export intensity

total output
total employees
labor productivity

region
industry

ownership

age

SO, removal ratio

Total sulfur dioxide emissions in t by enterprises

The ratio of sulfur dioxide emissions +1 in t tdatoindustrial output
value in mRMB

Export delivery value in mMRMB

The ratio of export delivery value +1 in mRMB tdabindustrial output
value in mRMB

Total industrial output value in mMRMB by enterpase

Average number of employees

The ratio of value added in 1,000RMB to total emgples

Origin of the firm; eitheeast middle west,or northeast

Industry classification: Eithemining (mining industry),manufacturing
(manufacture industry) gpower generatior(production and supply of
electricity, gas and water)

Ownership structure: eith68OE (State-owned enterprises. Included are
state-owned enterprises, state-funded corporatiams, state-owned
joint-operation enterprises, where all assets avaed by the state);
other domestiqwith collectively owned enterprises, equity comive
enterprises, collective joint-operation enterprisestate-collective
joint-operation enterprises, other limited lialyilit corporations,
share-holding corporations ltd., private enterpissnd other domestic
enterprises)HMT (with funds from Hong Kong, Macao, and Chinese
Taipei); orforeign (with funds from foreign countries)

The total survival year of enterprises from theryefestablishment to
2007

The ratio of (S@ removal value +1) to total SOproduction (S@
emissions + S@removal value)

11



4. Statistical analysis

4.1 Descriptive statistics

Table 3 summarizes the differences between exggodad non-exporters across
several variables. Columns (1) to (3) report the@a means for the total sample, the
exporters and the non-exporters. Column (4) reptns differences between the
sample means of the non-exporters and exportegsther with the level of statistical
significance.

Given a simple distinction between exporters and-exporters, where 10,117
exporting and 27,329 non-exporting enterprisesheadistinguished, rich information
can already be detected. For instance, exportersharacterized by their larger scale
(total output) and lower SOemissions intensity. Furthermore, exporters ar@gemo
likely to be located in China’s eastern region tmbe funded by foreign capital.

As shown, exporters had higher mean ,Sémissions than non-exporters;
however, since the S@missions were heavily skewed to the right, thdiarewould
be a more appropriate measure for the center @gesrA1-A3 in Appendix A for the
summary statistics). On one hand, it was found thatmedian S@emissions for
exporters was 1.444 tSGand statistically significantly lower than non-exjers’
emissions of 8.1 tSOMWU test, p-value < 0.001). On the other hahe, relative
difference in the unconditional mean for the,Missions intensity for exportevs.
non-exporters was quite large and statisticallynificant (t-test, p-value < 0.01).
Precisely, we observed a mean,Sfissions intensity of 0.305 for exporters and
1.629 for non-exporters, meaning that exporters; 8Qissions intensity was about

81 percent lower than that of non-exporters.
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Table 3: Comparison between exporting firms and nofexporting firms

1) 2) 3) (4)

Variable All Export No export Diff

total output 285.623 596.960 170.369 426.590
(1,588.950) (2,757.434) (771.824)

total employees 462.986 892.840 303.857 588.983
(1,415.818) (2,432.185) (680.558)

SO, emissions 105.680 144.395 91.347 53.047
(999.064) (1,735.680) (501.711)

SO, emissions intensity 1.271 0.305 1.629 -1.324
(11.302) (1.177) (13.192)

labor productivity 165.426 164.700 165.695 -0.995
(442.367) (630.317) (347.943)

east 0.567 0.781 0.488 0.793
(0.496) (0.414) (0.500)

middle 0.167 0.082 0.199 -0.117
(0.373) (0.275) (0.399)

west 0.192 0.081 0.233 -0.152
(0.394) (0.272) (0.423)

northeast 0.074 0.057 0.081 -0.024
(0.262) (0.231) (0.272)

mining 0.056 0.005 0.075 -0.07
(0.230) (0.073) (0.263)

manufacture 0.937 0.994 0.916 0.078
(0.242) (0.076) (0.277)

power 0.007 0.000 0.009 -0.009
(0.080) (0.020) (0.093)

SOE 0.052 0.048 0.054 -0.006
(0.222) (0.214) (0.225)

HMT 0.098 0.213 0.056 0.157
(0.298) (0.409) (0.230)

foreign 0.106 0.242 0.055 0.187
(0.307) (0.428) (0.228)

other domestic 0.744 0.497 0.835 -0.338
(0.436) (0.500) (0.371)

age 11.488 13.238 10.840 2.398
(12.410) (13.704) (11.830)

n 37,446 10,117 27,329

Note: Column (1) describes sample means and sthdaiations (in parentheses) for the full data set
columns (2) and (3) summarize exporting firms and-axporters, respectively. Column (4) gives the
difference in unconditional means between exporgrd non-exporters for selected variables. The
units of each variable are listed in Tablé p.< 0.1,” p < 0.05,”" p < 0.01. P-values are obtained by

two-sample t-test for quantitative variables andwg-sample proportion test for binary variables.

13



4.2 Regression analysis

To answer our research question of whether a fiahitity to export is an important
determinant for better environmental performandes following regression was
estimated (whose theoretical foundation can bedanr-orslidet al.,2018; Cuiet al.,

2012):

log SO2 emissions intensity = a + [ log export intensity + W + € (2)

where the S@emissions intensity is the ratio of (5@missions +1) to the total output,
denoting the environmental impact; export intenghg main explanatory variable, is
defined as the ratio of (export value +1) to thaltoutput, andf is the parameter of
interest. W is a series of control variables, including thealtobutput, the total
number of employees, labor productivity (all in ural logarithmic form), the
industry to which the firm belongs, the region whéris located, and the enterprise’s
property ownershipe is the stochastic error term. Table 4 reportsQh& estimates
for equation (1).

Column (1) estimates equation (1) with only thea@kmntensity included. In this
specification, the estimated coefficient for expoténsity is negative and statistically
significant, a result that supports the hypoth#sas the ability to export (representing
international market exposure) is important foowedr environmental burden.

Next, we controlled for firm characteristics, swahfirm size (i.e., total output in
column (2), total employment in column (3), anddalproductivity in column (4)).
The effect of export intensity remained negativd atatistically significant. We also
controlled for other determinants of emissionsnasity that, if omitted, may bias the
estimated importance of export propensity for inwegh environmental performance.
Column (5) shows the “full” model with the completet of control variables; it also
shows that the association between export intemsith SQemissions intensity was
negative and statistically significant. Economigapeaking, a one percent increase in

export intensity leads to a 0.167 percent decreaS€), emissions intensity if all else

14



is held constant(p).®’

Table 4: The effects of export intensity on S@emissions intensity

Log SG emissions intensity Q) (2) 3) (4) (5)
Log export intensity -0.218 -0.214" -0.236" -0.239" -0.167"
(0.00560)  (0.00552)  (0.00561)  (0.00564)  (0.00596)
Log total output -0.573 -0.908" -0.759" -0.770"
(0.0165)  (0.0241)  (0.0464)  (0.0467)
Log total employees 0.591 0.446" 0.560"
(0.0311)  (0.0497)  (0.0502)
Log labor productivity -0.164 -0.0580
(0.0436)  (0.0435)
east -1.300
(0.0922)
middle 0.260
(0.104)
west 0.241
(0.102)
mining -6.44T
(0.309)
manufacture -2.498
(0.294)
SOE -0.81%
(0.110)
HMT -1.316"
(0.0837)
foreign -1.805
(0.0825)
cons -6.080° 0.288 0.674 0.511" 3.859"
(0.0526)  (0.190) (0.190) (0.195) (0.353)
n 37,446 37,446 37,446 37,446 37,446
R 0.039 0.069 0.078 0.078 0.144

Note: Standard errors in parenthesgs< 0.1,” p<0.05,” p < 0.01.

The heterogeneous impact of firm characteristiosation, and registration type

is also of interest. Specifically, it was foundttteager firms tend to exhibit lower SO

6 In an alternative regression (see Table A4 inekalix A) where the fixed effects for industry,
province and registration type were introduced,résalt was qualitatively the same (sign) but semall
in magnitude.
7 In Appendix B we present several robustness chémkthe chosen specification of the intensities
and the model. In all of the robustness checkseffext of the export intensity on the S€missions
intensity remains negative and statistically siigaifit.

15



emissions intensities (a result in line with thegé amount of literature on
heterogeneous firms, e.g. Forsilal, 2018), while higher employment in firms led
to higher SQ emissions intensities. Firms located in the eastieéd to have a lower
SO, emissions intensities (compared with the rest bing), an effect that may be
related to the industrial distribution across regi® The intensity of the SO
emissions of mining and manufacturing enterprises Wower than those in the
electricity, gas and water industries. Lastly, fgneinvested enterprises had lower
SO, emissions intensity than other types of firms.

The above estimation is conceptually distinct fretadies that estimate a model
to show that there is a negative relationship bethweghether or not a firm reports any
exports and its environmental performance (e.gslibet al, 2018; Holladay, 2016).
To reconcile with previous studies, we further d&the effect of export status on the
SO, emissions intensity. Essentially, as the coreangbry variable we switched to a
dummy variable of whether or not a firm reported axports, equaling 1 if the
enterprise reported exports and 0 otherwise.

The regression results are shown in Table 5, col(Bjywhich shows the set of
control variables that serves as our main resultline with previous studies on
developed countries (e.g., Forskd al., 2018), the effect of export status remains
negative and statistically significant when coring for the alternative determinants

of emissions intensity.

8 Using the share of value added of the tertiadustry to the total value added in each regionmas a
indicator, it was found that the eastern region adugher ratio (42 percent) than those of the rothe
regions (37 percent) in China in 2007. Considetingt the heterogeneity of industrial distribution
across regions has direct impacts on environmeetdbrmance, such a distinction has also been made
in relevant studies (see Waapal.,2018).
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Table 5: The effects of export status on S£emissions intensity

Log SGQ emissions intensity Q) (2) ) (4) (5)
Dummy export -2.514 -2.149” -2.358" -2.377" -1.663"
(0.0553) (0.0569) (0.0578) (0.0581) (0.0609)
Log total output -0.413 -0.719” -0.587" -0.641"
(0.0171) (0.0239) (0.0467) (0.0466)
Log total employees 0.567 0.435" 0.548"
(0.0310) (0.0497) (0.0502)
Log labor productivity -0.149 -0.0501
(0.0437) (0.0435)
east -1.310
(0.0922)
middle 0.268
(0.104)
west 0.248
(0.102)
mining -6.4372
(0.309)
manufacture -2.475
(0.294)
SOE -0.78T
(0.110)
HMT -1.340"
(0.0837)
foreign -1.858
(0.0822)
cons -3.598  0.8777 1.3107 1.167" 4.281"
(0.0288) (0.187) (0.188) (0.193) (0.352)
n 37,446 37,446 37,446 37,446 37,446
R 0.052 0.067 0.075 0.075 0.143

Note: Standard errors in parenthesgs< 0.1,” p<0.05,”" p < 0.01.

The estimated relationship between export statub emissions intensity, in
addition to being statistically significant, is @lsconomically significant. According
to the estimates of column (5), a back-of-the-empelcalculation suggests that SO
emissions intensity dropped by about 81 percerdvamage as a result of the export

status switch from non-exporting to exporti.

9 Following Halvorsen and Palmquist (1980) and Ketyn(1981), the percentage is calculated as
exp — %V(G)) — 1, where B is the estimate off and V(B) is the estimate of the variance pf

10 In the corresponding alternative regression IET&Y in Appendix A), we can see that with the
fixed effects for industry, province and registoatitype (last column), SGemissions intensity drops
17



4.3 Propensity score matching

In order to use an alternative empirical methodniestigate the causal effect of
export status on Smissions intensity, a quasi-natural test wasopexéd using the
propensity score matching (PSM) method (proposetiédgkmanet al., 1997). This
being said, the exporting enterprises were therreat group, with the non-exporting
enterprises as the control group. At the same timeeysed a binary dummy variable
for export D;, an indicator variable that was equal to 1 if #merprises were
exporting firms and O if they were non-exportingis. y; indicates the log of the
SO, emissions intensity, the PSM is the outcome véiathe two statuses depend on

whether or not the enterprises were exporters:

_ {Ym Di=1
Yoi»Di = 0

i

Specifically, yo; is the log of the S©emissions intensity of non-exporting
enterprises, ang,; is the log of the S©emissions intensity exhibited by exporting
enterprises. The causal impact of the enterpnaticipation in exports on the log of
the SQ emissions intensity can be expressed as the A&T éiverage treatment effect

on the treated):
ATT =E(y1i —yoilDi=1) (2)

The ATT is the expected value of the log of the, 8issions intensity of the
exporting enterprises when they were not involweaxporting, a condition that is
unobservable in the real world. The purpose of B®M is to construct a

counterfactual in order to be able to calculateAh€ (Gangl, 2015).

by about 50 percent on average as a result ofhiehsin status from non-exporting to exporting.
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Table 6: Logit regression results

Logit
Dummy export
East 0.730°
(0.0564)
middle -0.428"
(0.0674)
west -0.545
(0.0668)
mining 0.886
(0.564)
manufacture 3.105
(0.545)
SOE -0.197
(0.0679)
HMT 1.407"
(0.0404)
foreign 1.623
(0.0416)
Log total output 0.118
(0.0258)
Log total employees 0.537
(0.0290)
Log labor productivity -0.170
(0.0239)
age 0.011%
(0.00113)
cons -8.40%3"
(0.558)
n 37,446
Pseudo-R 0.2376

Note: Standard errors in parenthesgs< 0.1,” p< 0.05,” p<0.01.

Before determining the PSM, an accurate binary mauest be developed in
order to estimate the propensity score (Imbens5R0l0he propensity score is the
conditional probability of individuals entering anthe treatment group given their
characteristicsX;. Rosenbaum and Rubin (1983) suggest using a felogit model
to calculate the propensity score: iX;) = P(D; = 1|X = X;). According to the
coefficients that are estimated by the logit modeg probability of whether an

enterprise participates in export activities canflo¢her predicted as the propensity
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score value. The logit regression results are shiowrable 6. Thereby we tried to
include variables known to be related both to tremit assignment and the outcome
(Stuart, 2010). These variables are the same & thsed in the OLS model for
equation (1), except for the variable age (see€lT@d for the accuracy rate of this
model).

Many matching methods can be used to obtain the #BUlts (e.g., k-nearest
neighbor matching; caliper matching; kernel matghemong others). Consequently,
the ATT can be calculated as the difference in rifeans of the log of the SO
emissions intensity between the treatment and acbgitoups.

Next, five methods were adopted to find a contnaug for the treated, i.e.
exporting enterprises so as to obtain the ATT. fi@sellts are shown in Table 7. The
ATT value of the log of the SOemissions intensity is negative and statistically
significant, indicating that the exporting firms r@emore environmentally friendly
than the non-exporting firms. Among the five mabchimethods, the ATT estimates
for the log of the S@emissions intensity are very close.

The ATT values estimated in Table 7 are very chkosthe coefficient estimated
using the OLS regression with the dummy for exgtatus (see Table 5). Based on
the ATT values, we can show that the ,S€nissions intensity drops by about 81
percent, on average, as a result of switching froon-exporters to exportet$.
Overall, the matching estimates provide furtherderce that exporting status is an

important determinant of S@missions intensity.

11 Due to the separation of both groups we havd ai@ision. The difference to the OLS approach is
that with PSM we do not compare all treated withuakreated firms but only the subset of matched
firms.
12 The calculation follows footnote 9, whefe= ATT (Gangl, 2015) and the nearest neighbor
matching result is used (one-to-one matching, AF1.857).
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Table 7: ATT results of different matching methods

Matching Methods ATT

1 k-nearest neighbor matching (k=1, one-to-one hiadg -1.657***
(0.101)

2 k-nearest-neighbor matching within caliper (kede-to-four matching) -1.606***
(0.083)

3 radius matching -1.620***
(0.074)

4  kernel matching -1.610***
(0.075)

5 local linear regression matching -1.539***
(0.101)

Note: Standard errors in parenthesgs< 0.1,” p<0.05,” p<0.01.

In order to evaluate the quality of the matchirigg matching balance test was
executed (see Table A5). To further verify the @ffeeness of the PSM method,
Figure Al compares the density functions of thepprsity scorevalues of the
treatment and control groups before and after nvagchFigure A2 compares the
difference between the standardized percent biesss@ovariates before and after
matching. From the above results, it can be comclubat the quality of the matching
is sufficient, in particular, that of the covaridialance of the matched groups.

The PSM was used as a complementary method taddgidnal OLS model.
There are two main advantages to using the PSM ggaai-natural experiment
method. First, it avoids the specification of dyfydarametric model for outcomes but
it estimates the treatment effects non-paramelyidabm the comparison of the
outcome distributions across the matched samplesorfl, this method uses
transparent criteria to divide the observation® iatcontrol group and a treatment
group and it ensures that the two sets of obsemnatare as similar as possible, with
the exception of the treatment variable. The udeotli methods in combination, as an
idea of “double robustness”, is recommended irliteeture on observational studies
(see, e.g., Stuart 2010). Furthermore, the use wfipte matching methods in this

paper increases the credibility of our OLS estioratiesults.
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5. Mechanisms test: Why are exporting firms cleané&

We propose two channels to explain the observe@rmpatrirst, emissions abatement
is caused by governmental regulations that pasgtyddferent abatement incentives
for exporters and non-exporters; second, custorabread may trigger emissions
abatement via supply chains. Both channels cauperixs’ emissions abatement
being higher compared to that of non-exporters.

As noted above, China is the world’s largest 8@itter. At the time of this study,
it was also suffering from air pollution and itssesiated health problems, such as
premature deaths (HEI, 2016). To address thesecemwental problems, intensive
policies have been launched in recent years. Fiarmce, in President Xi Jinping’s
“Report to the 19th National Congress of the ComigtuParty of China in 2017”7, the
environment was named one of the key componentsctieving sustainable
development.

China’s environmental efforts date back to its 1Hithe-Year Plan (2006 through
2010), which set a goal of reducing S€missions by 10 percent (i.e., the total,SO
emissions in 2010 would be 10 percent less thaninh2005) to demonstrate the top
leaders' serious commitment to environmental ptimteqXu, 2011)**** This plan
also marked the first time China explicitly linkémtal governments’ environmental
performance with the promotion or removal of loleaders. Here, three criteria were
used (State Council, 2007), namely (1) a quanigatarget and a target for general
environmental quality; (2) the establishment anderapon of environmental
institutions; and (3) mitigation measures. The Ifiegaluation will be based on a
checklist for all of the above-listed criteria, ahdny government fails to meet all of
the criteria, the overall goal attainment will elged a failure (State Council, 2007).

Consequently, the Chinese government’s commitmenthis goal has led to the

13 However, this goal was not reached. China’s &fissions rose from 25,555 kt in 2005 to 27,893
kt in 2010 (9 percent higher than 2005) and 30,R8H 2012 (18 percent higher than 2005). See
EC-ERC (2016).
14 Hering and Poncet (2014) studied the impactefrenmental regulations on China's export trade
in the so-called Two Control Zones (TCZ), which madre strict standards for 3®om 1997 to 2003.
They found a relative reallocation of export attés away from pollution intensive sectors in tHeZT
While they evaluated the TCZ policy as effectiveeythalso stated that the relative decline of
pollution-intense activities may reflect a relooataway from TCZ cities.
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implementation of policies for the operation of S@crubbers. In short, SO
mitigation efforts are mandated to a large exterttthey can vary across regions and
industries (Shi and Xu, 2018). However, China'siemnmental policy suffers from
severe enforcement problems, in particular duentallauthorities’ weak powers of
enforcement, corruption, and the questionable dateeffects of pollution levies (see,
e.g., Eisenbarth, 2017). There is also evidendesthte ownership appears to mitigate
the impact of environmental policy (see, e.g., Hgand Poncet, 2014).

Regarding the question of how environmental regutatffects the business
sector, Heet al. (2002) found that small enterprises that use iiciefit production
technology exit the markdiecause they cannot meet environmental regulations.
Therefore, tightened environmental regulationseréie market share of large, clean,
efficient enterprises. If environmental regulatiaceuse some enterprises with low
efficiency levels and serious pollution to exit tharket, then the surviving exporting
and non-exporting enterprises will be those that ratatively clean and relatively
large in scale and, thus, able to bear the higbstisaf pollution control. For example,
Sheng and Zhang (2019) studied the impact of enwiemtal policies on firm
productivity in China’s Two Control Zones (TCZ) anfdund that inefficient
enterprises located in the two control zones haghdri propensities to exit the
market'® At the same time, subject to the abatement mesisnreeasing returns to
scale (Andreoni and Levinson, 2001), large entsgsritended to take effective
measures to reduce pollution (this is also captumeour control variables for firm
characteristics). However, the reason why exportare more sensitive to
environmental regulations remains a puzzle.

Forslidet al. (2018) explained a mechanism through which firexgort intensity
or export status affects their pollution-reductioatios during their production
processes and ultimately their emissions intengityich may explain the negative
relationship between emissions intensity and expottnsity, respectively, their

export status. As Forsliét al. (2018) show, exporters that are more productive

15 It is noted that our data are for above-scalad so this effect may be small. Still, the overal
direction is towards environmentally friendly pration. Thus, we may expect that even within the
above-scale firms, the larger ones may responeérbatid acquire higher market shares.
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(measured by total factor productivity) and havarger market share are more likely
to bear the costs of investing in fixed capitaltive form of abatement equipment
when this is enforced by governmental regulatiotlsus echoing to the
economies-of-scale nature of abatement, as in Andr@nd Levinson (2001). As a
consequence, firms’ emissions intensities are negatrelated to the level of export
activity (see also Cuwt al., 2012, for a similar model). Similar results weoairid by
Holladay (2016) who shows that US exporters are peglution intensive. Holladay
also assumed that exporting firms’ higher produigtiwas the driving force behind
their lower emissions intensity.

Generally speaking, under the compound influencéigher pollution control
costs and eliminating inferior enterprises, ex@nterprises show a stronger reaction
to emissions regulation than non-export enterprigeshey are able to bear the higher
costs of pollution control, adopt the use of cleagergy, which is also higher cost,
increase their use of pollution control equipmeand upgrade and transform
high-pollution production lines, among other measuiTherefore, export enterprises
are better able to cope with the pollution regoladi than non-export enterprises. Cao
et al. (2016) found that more-productive firms invest mdtess) in abatement
technology if investment and productivity are coempénts (substitutes). They also
found that in response to tightened environmemgullations, more-productive firms
raise their respective investments in abatemetntdogy, whereas less-productive
firms do the opposite.

In our data set, we were only able to control fatpoit size and not for firms’
productivity levels. Hence, in order to use the \abadescribed productivity
hypothesis to explain our empirical results, we hadssume that Chinese export
enterprises have higher productivity levels tham-arport enterprises. Under this
condition, exporters can bear the cost of emissimtiction more easily than
non-exporters; thus, these firms’ higher investmantbatement facilities reduces
their pollution emissions.

Besides the general domestic S@itigation policy, other regulations potentially

cause Chinese exporters to use pollution abatemeasures more than non-exporters.
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In fact, domestic policies that target exportingnf, such as VAT rebates, may be
used to address environmental concé?n¥AT rebates for exporters are used in order
to ensure these producers do not face double taxsithce these are taxed both in the
country of origin and in the export destination vy Eisenbarth (2017) found that
VAT rebates in China are set in such a way thay thay discourage the exports of
SO,- and energy-intensive products. She also shovtsghan the problems inherent
in enforcing a first-best pollution regulation, VA&bates may serve as a second best
option to reduce pollution. In this sense, the glesif the VAT rebate policy may be
the cause of the different levels of environmep&formance between exporting and
non-exporting enterprises; that is, exporting gariees’ stronger incentives to reduce
their pollutant emissions may be due to preferéidia policies. To sum up, there is
evidence that several regulations push exportevgarth being relatively more
environmentally friendly.

The second channel we point to for explaining @sults is based on the idea that
export intensity may have a crucial effect on thmplementation of green
supply-chain management (GSCM) practices in Chirmgapanies. According to
Srivastana (2007, p. 54), GSCM is defined as ‘@gmating environmental thinking
into supply-chain management, including productigtesmaterial sourcing and
selection, manufacturing processes, delivery offithed product to the consumers as
well as end-of-life management of the product afteruseful life” (see also de
Oliveiria, 2018, for a recent survey).

Given that in developed countries environmentalula&gns are stronger, on
average, and also there is possibly higher awasesfesnvironmental protection (see,
e.g., Franzen and Meyer, 2010), companies thapsatlucts in developed countries
may pressure their suppliers and sub-contractamsdioce their environmental burden,
such as in those products’ $@missions in developing countries. Additionally,

importers could select firms from developing coig®raccording to criteria that also

16 According to China's National Development andbRe Commission, the VAT rebate adjustments
aim to control “exports of energy-intensive, pathmt-intensive and resource-intensive products,sso a
to formulate an import and export structure thatigrable to promoting a cleaner and more optimal
energy mix” (NDRC, 2007, p. 31; in Chinese).

25



take into account the environmental performancsupipliers and sub-contractdfs.
There could be several motives for such behaviardme of them is certainly the
reputational risk of being accused of excessivarenmental pollution in countries
with lower environmental standards.

The GSCM literature supports the potentially pwositeffect of export behavior
on environmental performance in China. Zhu and iIS48006), based on a survey of
local managers of exporting firms, investigated dihngers of GSCM in China. They
confirmed that globalization and China’s entry it World Trade Organization
helped promote GSCM practices among exporting natuifing enterprises. In a
similar study, Kueiet al. (2015) reported that external factors, such asoousr
pressure and regulatory pressure, were the mosirterg factors in influencing the
adoption of green practices among Chinese compaH&$ (2000) also noted that
firms meet customer pressure that goes beyond Egatonmental responsibilities
and many suppliers are often under considerablespre from their customers. For
example, many Chinese companies acquired ceriditafor 1SO14001, the
international standard for environmental managensgatems, in order to meet the
environmental requirements of their foreign custmr{&hu and Geng, 2001). Clearly,
these studies are suggestive and deserve furtheéepith investigation, but this
channel also implies that exporters should havehdrigabatement levels than
non-exporters.

In order to quantitatively assess the propositioat texporters abate pollution
more than non-exporters do, we ran a regressitimeo5Q removal ratio (see Table 2)

by export intensity or statu§, as follows:

17 Such criteria need not directly to be relate@ngironmental indicators (e.g., lower pollution)tb
can also be related to social criteria (e.g., higlvages, better working conditions), or resource
efficiency (e.g., lower resource input). In thisseait is sufficient to assume that the criteria ar
associated with environmental indicators.
18 Several indicators can be used to capture alkategffort, such as investment in abatement (e.g.,
Caoet al.,2016) and the emissions removal ratio. The reagorchose to use the pollution removal
ratio rather than abatement investment is thatsfinmay invest in abatement facilities (in terms alie,
or units) but the usage ratio may vary. SupposEniextreme case, firm A purchases more abatement
facilities than firm B, but A never uses them wlaer@® operates the facilities full-time, meaningttha
the abatement investment is also subject to otbefoanding factors. Simply put, the abatement
investment reflects a firm'’s effort but it does mecessarily lead to an abatement result. In cstntize
removal ratio is an output indicator as it captuhesresults of the actual abatement effort.
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log SO2 removal ratio = o + 3 log export intensity + Wmn + ¢ (3a)
or

log SO2 removal ratio = a + 3 dummy export + Wm + € (3b)

Table 8 reflects the effect of export intensityeaport status on the S@emoval
ratio. Columns (1) and (3) are the dependent aptaeatory variables, and columns
(2) and (4) are the coefficients that are estimdigdusing OLS. The estimated
coefficient of the log of the export intensity i9817 and is significantly positive at
the 1% level. This means that the higher the expuensity, the higher the SO
removal ratio; more precisely, the @@®moval ratio increasasp. by 0.517 percent
for every 10 percent increase in export intensity.

Taking a further look at column (4), it is foundattexporting firms are associated
with higher SQ removal ratios than non-exporting firms. The cioedht of the export
status was estimated to be 0.524 and was significpositive at the 1% level,
implying that the S@removal ratioc.p. increased by 68 percent, on average, as a
result of switching from non-exporters to export@se footnote 9 for the calculation
details).

Next, a look at the estimated coefficients for otbentrol variables shows that
interesting heterogeneous effects were found aaexgsns, sectors, and (less for)
firm types. In line with the argument made in ShdaxXu (2018), in general, the
eastern region (compared with the northeasterrom¢ds shown to have been more
devoted to making an effort to deploy S€trubbers during the review year (2017)
and, thus, shows a higher S@moval ratio, while for the western region theagite
effect is noted (less effort was made than in tbegheast region). That being said,
coal-fired power plants are the main contributarsSt} emissions and account for
most of the S@ scrubber installations. As a result, compared witie
power-generating sector, mining and manufacturimgustries did not perform as

well.
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Table 8: The effect of export intensity (export staus) on SGQ removal ratio

1) (2) 3) 4)
Log SG removal ratio Log S&removal ratio
Log export intensity 0.0517 Dummy export 0.524
(0.00679) (0.0696)
Log total output 0.176 Log total output 0.0834
(0.0512) (0.0511)
Log total employment -0.0275 Log total employment 0.0248
(0.0554) (0.0554)
Log labor productivity 0.00117 Log labor productyvi -0.000288
(0.0471) (0.0471)
East 0.91% east 0.914
(0.0958) (0.0958)
middle 0.142 middle 0.141
(0.106) (0.106)
west -0.398 west -0.400°
(0.104) (0.104)
SOE 0.970" SOE 0.962"
(0.121) (0.121)
HMT 0.540™ HMT 0.545"
(0.0998) (0.0997)
Foreign 0.419 Foreign 0.431
(0.0980) (0.0978)
mining -1.127" mining -1.13%°
(0.325) (0.325)
manufacture -1.178 manufacture -1.186
(0.298) (0.298)
cons -7.454 cons -7.555'
(0.366) (0.364)
n 25,924 n 25,924
R 0.032 R 0.032

Note: Standard errors in parenthesgs< 0.1,” p<0.05,”" p<0.01

6. Concluding remarks

This paper poses the classic question of whethporérg firms are, in general,
cleaner than their non-exporting counterparts. rAfi@reful study, we found that a
firm’s ability to export is associated with bettemvironmental performance.
Specifically, the OLS estimates suggest there sta#istically negative association

between export intensity (respectively, exportustatand S@ emissions intensity.
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This relationship is shown to be consistent anbistaver various specifications and
different sets of control variables. As an alteneto the OLS method, the PSM
method was used. Interestingly, the estimated ico&fts are quite similar to the
corresponding OLS specifications.

In order to explain this observed pattern, two fmesxplanations are provided.
First, in the “internal” channel—wherein governmeagulations provided incentives
to reduce emissions intensity—exporters compliedebewith regulations through
emissions abatement. Here, two different regulatioan be distinguished: direct
emissions regulation for all firms, which sufferffdm enforcement problems; and
incentives for emissions abatement set by VAT expebates, which differed
according to pollution intensity. Second, in thet&nal” channel, customers abroad
forced exporters to be more environmentally frigndla the supply chain. A formal
test confirmed our expectation that exporters tendbate more than non-exporters,
and heterogeneous effects were also found acrgemeeand sectors.

This study clearly adds to the literature on mienadence on S@®abatement
among developing countries and serves as a stgytimg from which to coordinate
trade policy and environmental policy. In a broasense, our study also contributes
to a large amount of literature that uses inpupoutables to measure emissions; here,
our paper provides micro guidance for distinguighimeterogeneous production
technologies used in export products and otherstygeproduction. Future research
could focus on the explanatory power of the idedifchannels. This could be done,
for instance, by linking the emissions data witformation on trading partners; this
would allow researchers to formally test the hypsth on green supply-chain

management, which is beyond the scope of this study

29



References

Andreoni, J., and A. Levinson (2001). The simplalgiics of the environmental
Kuznets curveJournal of Public Economi¢80, 269-286.

Antweiler, W., B. Copeland, and S. Taylor (20013. Free Trade Good for the
Environment?American Economic Revie@1(4), 877-908.

Baghdadi, L., I. Zarzoso, and H. Zitouna (2013).e ARTA agreements with
environmental provisions reducing emissiong@durnal of International
Economics90, 378-390.

Baldwin, R., and C. Ravetti (2014). Emissions, Hx@s and Heterogeneity:
Asymmetric Trade Policy and Firms’ Selecti@TEl Working Papers 2014-2.

Batrakova, S., and R. Davies (2012). Is there anr@mmental benefit to being an
exporter? Evidence from firm-level daf@eview of World Economic448(3),
449-474.

Beladi, H., and R. Oladi (2010). Does trade libeedlon increase global pollution?
Resource and Energy Economi88, 172-178.

Bernard, A., and B. Jensen (1999). Exceptional Erpderformance: Cause, Effect,
or both?Journal of International Economicd7, 1-25.

Brandt, L., J. Biesebroeck, and Y. Zhang (2012)aflve accounting or creative
destruction? Firm-level productivity growth in Cese manufacturinglournal
of Development Economic®7(2), 339-351.

Cao, J., L. Qiu, and M. Zhou (2016). Who investmidiotre in Advanced Abatement
Technology: Theory and Evidenc€anadian Journal of Economicg9(2),
637-662.

Cherniwchan, J., B. Copeland, and M. Taylor (200#ade and the Environment:
New Methods, Measurements, and Reséltsjual Review of Economicg(1),
59-85.

Cole, M., and R. Elliott (2003). Determining theade-Environment Composition
Effect: The Role of Capital, Labor and Environmérmagulations Journal of
Environmental Economics and Managemdii(3), 363—383.

Cole, M., R. Elliott, and P. Fredriksson (2006).degenous Pollution Havens: Does
FDI Influence Environmental RegulationS2andinavian Journal of Economics
108(1), 157-178.

Copeland, B., and S. Taylor (1994). North-Southd&raand the Environment,
Quarterly Journal of Economigc409, 755-787.

Copeland, B. and M. Taylor (2004). Trade, Growtk #me EnvironmentJournal of
Economic LiteratureXLIl, 7-71.

Constantinescu, C., A. Mattoo, and M. Ruta (2018w Trade, Finance &
Development51(4), 39-41.

Cui, J., H. Lapan, and G. Moschini (2012). Are Exters More Environmentally
Friendly than Non-Exporters? Theory and Evidendkerking Paper 12022
lowa State University.

Dai, M., M. Maitra, and M. Yu (2016). Unexceptioredporter performance in China?
The role of processing tradigurnal of Development Economid1, 177-189.

30



Dean, J. (2002). Does Trade Liberalization Harm Emironment? A New Test,
Canadian Journal of Economic35(4), 819-842.

Dean J., and M. Lovely (2010). Trade Growth, PrdiducFragmentation, and China's
Environment, NBER Chapters, irChina's Growing Role in World Trage
429-4609.

Dietzenbacher, E., J. Pei, and C. Yang (2012). &radoduction fragmentation, and
China's carbon dioxide emission®xurnal of Environmental Economics and
Management64(1), 88-101.

de Oliveira, U., L. Espindola, I. da Silva, I. dav§, and H. Rocha (2018). A
Systematic Literature Review on Green Supply CManagement. Research
Implications and Future Perspectivelurnal of Cleaner Productign187,
537-561.

EC-ERC (2016). Emissions Database for Global Atrhesp Research (EDGAR),
http://edgar.jrc.ec.europa.eu/overview.php?v=432¢ AP

Eisenbarth, S. (2017). Is Chinese trade policy vat¢id by environmental concerns?
Journal of Environmental Economics and Managem&at 74-103.

Forslid, R., T. Okubo, and K. Ulltveit-Moe (2018Yhy are Firms that Export Cleaner?
International Trade, Abatement and EnvironmentalisSions, Journal of
Environmental Economics and Manageméit, 166-183.

Frankel, J., and A. Rose (2005). Is Trade Goodad #r the Environment? Sorting
out the CausalityReview of Economics and Statistigg(1), 85-91.

Franzen, A., and R. Meyer (2010). EnvironmentalitAdies in Cross-National
Perspective: A Multilevel Analysis of the ISSP 1988d 2000,European
Sociological Review26(2), 219-234.

Gamper-Rabindran, S. (2006). NAFTA and the EnvirentnWhat Can the Data Tell
Us?Economic Development and Cultural Changé(3), 605-633.

Gangl, M. (2015). Matching Estimators for Treatmé&ifttects. In: Best, H. and C.
Wolf (eds.).The SAGE Handbook of Regression Analysis and Cénfsa¢nce
Los Angeles, 251-276.

Girma, S., A. Hanley, and F. Tintelnot (2008). Ertpg and the Environment: A New
Look with Micro-Data, Working Paper 1423Kiel Institute for the World
Economy.

Grossman, G., and A. Krueger (1991). Environmelmgdacts of a North American
Free Trade AgreememMiBER Working Paper No. 3914

Hall, J. (2000). Environmental Supply Chain Dynasnidournal of Cleaner
Production 8(6), 206-225.

Halvorsen, R., and R. Palmquist (1980). The Inttgiron of Dummy Variables in
Semi logarithmic Equationgymerican Economic Review0(3), 474-475.

He, K., H. Huo, and Q. Zhang (2002). Urban Air Bodn in China: Current Status,
Characteristics and Progre#sinual Review of Energy & the Environme?i,
397-431.

He, G., M. Fan, M. Zhou (2016). The effect of agllption on mortality in China:
Evidence from the 2008 Beijing Olympic Gamdsurnal of Environmental
Economics and Managemeii®, 18-39.

31



Heckman, J., H. Ichimura, and P. Todd (1997). MatghAs An Econometric
Evaluation Estimator: Evidence from Evaluating & Jaaining Programme,
The Review of Economic Studiég(4), 605-654.

HEI (2016). Burden of disease attributable to dmairing and other major sources of
air pollution in China, Health Effects Institute, ugust 2016,
http://pubs.healtheffects.org/view.php?id=455.

Hering, L. and S. Poncet (2014). Environmental ¢3ond Exports: Evidence from
Chinese CitiesJournal of Environmental Economics and Managem®68(2),
296-318.

Hertwich, E., and G. Peters (2009). Carbon Footpoh Nations: A Global,
Trade-Linked Analysis, Environmental Science & Technologyt3(16),
6414-6420.

Holladay, J. (2016). Exporters and the Environm€anadian Journal of Economics
49, 147-172.

Imbens, G. (2015). Matching Methods in PracticeteBhExamplesThe Journal of
Human Resource$0(2), 373-4109.

Kennedy, P. (1981). Estimation with Correctly Ipieted Dummy Variables in
Semilogarithmic Equations [the Interpretation of nbuy Variables in
Semilogarithmic Equationsfmerican Economic Reviewl(4), 801.

Klimont, Z., S. J. Smith, J. Cofala (2013). Thet ldscade of global anthropogenic
sulfur dioxide: 2000-2011 emissiongnvironmental Research Letters,
0140083.

Kreickemeier, U., and P. Richter (2014). Trade #mel Environment: The Role of
Firm HeterogeneityReview of International Econom|&2(2), 209-225.

Kuei, C., C. Madu, W. Chow, and Y. Chen (2015). dpetinants and Associated
Performance Improvement of Green Supply Chain Meamemt in China,
Journal of Cleaner Productiqrd5, 163-173.

Leontief, W. (1970). Environmental Repercussiond #re Economic Structure: An
Input-Output ApproachRReview of Economics and Statistis2(3), 262-271.
Loschel, A., S. Rexhéauser, and M. Schymura (20L&de and the environment: An
application of the WIOD databas€hinese Journal of Population Resources

and Environmentl1(1), 51-61.

Lu, D. (2010). Exceptional Exporter Performance?idénce from Chinese
Manufacturing Firms, Chicago University, mimeo.

Managi, S., A. Hibiki, and T. Tsurumi (2009). Dod#sade openness improve
environmental qualitydournal of Environmental Economics and Management
58(3), 346-363.

Ministry of Environmental Protection, 201Q@hina’'s capacities of water treatment
plants and S@scrubbers at coal power plant8eijing (in Chinese).

National Bureau of Statisticsndustrial Classification of ChingGB/T4754-2002).
(published on 02/09/2002)

NDRC (2007). China’'s National Climate Change Progree. Available at
www.ccchina.gov.cn/WebSite/CCChina/UpFile/File1&8,p (accessed on
08/03/2013).

32



Peters, G., J. Minx, C. Weber, and O. Edenhoferl0Growth in Emission
Transfers via International Trade from 1990 to 20B8NAS 108(21),
8903-8908.

Rosenbaum, P., and D. Rubin (1983). The centra oblthe propensity score in
observational studies for causal effe@mmetrikg 70, 41-55.

Shi, X., and Z. Xu (2018). Environmental Regulat@amd Firm Exports: Evidence
from the Eleventh Five-Year Plan in Chindpurnal of Environmental
Economics and ManagemeB9, 187-200.

Srivastana, S. (2007). Green Supply-Chain Managemestate-of-the-Art Literature
Review, International Journal of Management Revie@€l), 53-80.

State Administration for Industry and CommerRegulations on the registration and
management of enterprise nam@siblished on 22/07/1991).

State Council (2007)Notice on distributing implementation plans and moets of
statistics, monitoring and assessment on energysetoation and pollutant
emission reductiarBeijing (in Chinese).

Stuart, E.A. (2010). Matching Methods for Causdétaence: A Review and a Look
Forward,Statistical Sciencé/ol. 25, No. 1, 1-21.

Sheng, D., and G. Zhang (2019). Environmental Reguls of Two Control Zones
and the TFP Growth of Enterprisddanagement World (in Chinese).

Temurshoev, U. (2006). Pollution haven hypothesitactor endowment hypothesis:
theory and empirical examination for the US andn@hCERGE-EI Working
Paper 292

Tybout, J. (2001). Plant- and Firm-Level Evidence“New” Trade TheoriesNBER
Working Paper$8418 National Bureau of Economic Research, Inc.

Wang, C., J. Wu, and B. Zhang (2018). Environmengglulation, emissions and
productivity: Evidence from Chinese COD-emitting magacturersJournal of
Environmental Economics and Managemét, 54-73.

Xu, Y. (2011). The Use of a Goal for $Mitigation Planning and Management in
China’s 11th Five-Year PlanJournal of Environmental Planning and
Management54(6), 769-783.

Zhang, P., O. Deschenes, K. Meng, and J. Zhang8j20kmperature effects on
productivity and factor reallocation: Evidence froa half million Chinese
manufacture plantsournal of Environmental Economics and Managemeai
1-17.

Zhu, Q., and Y. Geng (2001). Integrating Environtaklssues into Supplier Selection
and Management: A Study of Large and Medium-sizateSwned Enterprises
in China,Greener Management Internation&i(3), 27-40.

Zhu, Q., and J. Sarkis (2006). An Inter-sectoram@arison of Green Supply Chain
Management in China: Drivers and Practicgsjrnal of Cleaner Productign
14, 472-486.

33



Appendix A

Table A1: Summary statistics for the whole sample

variables mean sd median  igr min Max
total output (MRMB) 285.623 1,588.95 55.604  137.230.01 72,000
total employees (average) 462.986 1,415.81 312 10 108,525
SO, emissions (t) 105.68  999.064 6.045 38.4 0 99,000
SO, emissions intensity (fmRMB)1.271 11.302 0.09 0.647 0 1,600.1
labor productivity (1,000RMB) 0.165 0.442 0.081 1 0 51.908
export (MRMB) 52.112 599 0 1.779 0 45,000
export intensity 0.128 0.283 0 0.018 0 1
export status 0.27 0.444 0 0 1

east 0.567 0.496 1 1 0 1

west 0.192 0.394 0 0 0 1
middle 0.167 0.373 0 0 0 1
northeast 0.074 0.262 0 0 0 1
mining 0.056 0.23 0 0 0 1
manufacture 0.937 0.242 1 0 0 1
power 0.007 0.080 0 0 0 1

SOE 0.052 0.222 0 0 0 1

HMT 0.098 0.297 0 0 0 1
foreign 0.106 0.307 0 0 0 1

other domestic 0.744 0.436 1 1 0 1

age 11.488 12.410 7 9 0 179

Note: n = 37,446.
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Table A2: Summary statistics for exporters

variables mean sd median Iqr
total output (MRMB) 596.96 2,757.434 109.59 279.924
total employees (average) 892.84 2,432.185 339 644
SO, emissions (t) 144.395 1,735.68 1.444 22.9
SO, emissions intensity (fmRMB) 0.305 1.177 0.011 90.1
labor productivity (1,000RMB) 0.165 0.63 0.076 ®11
export (MRMB) 192.883 1,140.6 32.997 91.711
export intensity 0.474 0.364 0.424 0.742
east 0.781 0.414 1 0
west 0.081 0.272 0 0
middle 0.082 0.275 0 0
northeast 0.057 0.231 0 0
mining 0.005 0.073 0 0
manufacture 0.994 0.076 1 0
power 0.000 0.020 0 0
SOE 0.048 0.214 0 0
HMT 0.213 0.409 0 0
foreign 0.242 0.428 0 0
other domestic 0.497 0.500 0 1
age 13.238 13.704 9 9
Note: n =10,117.

Table A3: Summary statistics for non-exporters
variables mean sd median Igr
total output (MRMB) 170.369 771.824 44.843 98.511
total employees (average) 303.857 680.558 149 222
SO, emissions (t) 91.347 501.711 8.1 44.3
SO, emissions intensity (tfmRMB) 1.629 13.192 0.156 936.
labor productivity (1,000RMB) 0.166 0.348 0.083 1
east 0.488 0.5 0 1
west 0.233 0.423 0 0
middle 0.199 0.399 0 0
northeast 0.081 0.272 0 0
mining 0.075 0.263 0 0
manufacture 0.916 0.277 1 0
power 0.009 0.093 0 0
SOE 0.054 0.225 0 0
HMT 0.056 0.230 0 0
foreign 0.055 0.228 0 0
other domestic 0.835 0.371 1 0
age 10.840 11.830 7 9

Note: n = 27,329.
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Table A4: Alternative regression results

Log SQ emissions intensity (1) ) 3) (4) (5) (6) )
Log export intensity -0.0849"  -0.1437 -0.162" -0.0828"  -0.0729" -0.138" -0.0710"
(0.0234) (0.0234) (0.0115) (0.0118) (0.0133) (0412 (0.00887)
Log total output -0.825" -0.764" -0.773" -0.828" -0.814" -0.757" -0.810”
(0.129) (0.0850) (0.104) (0.0845) (0.0709) (0.0643) (0.0555)
Log total employment 0.743" 0.466" 0.599" 0.765" 0.669" 0.501" 0.687"
(0.189) (0.117) (0.149) (0.115) (0.0858) (0.0829) 0.0658)
Log labor productivity -0.0866 -0.0842 -0.0577 -0.0863 -0.0826 -0.0885 0867
(0.0695) (0.0718) (0.0936) (0.0562) (0.0541) (0464  (0.0451)
east -1.237" -1.274" -1.219"
(0.310) (0.116) (0.152)
middle -0.138 0.29% -0.113
(0.263) (0.129) (0.138)
west -0.156 0.283 -0.127
(0.384) (0.167) (0.173)
SOE -0.123 -0.76% -0.111
(0.194) (0.162) (0.134)
HMT -0.987" -1.086" -0.818"
(0.261) (0.127) (0.163)
foreign -1.312" -1.769" -1.304"
(0.190) (0.140) (0.116)
mining -6.461" -6.573" -6.591"
(0.640) (0.594) (0.540)
manufacture -2.194" -2.578" -2.264"
(0.611) (0.369) (0.505)
cons -1.147 1.361 2.886" -1.484" -3.582" 0.378 -3.958
(0.638) (0.897) (0.472) (0.604) (0.624) (0.588)  462)
Industry fixed Yes No No Yes Yes No Yes
Region fixed No Yes No No Yes Yes Yes
Registration type fixed No No Yes Yes No Yes Yes
n 37,446 37,446 37,446 37,446 37,446 37,446 37,446
R 0.282 0.173 0.148 0.284 0.298 0.177 0.300

Note: Standard errors in parenthesgs< 0.1,” p < 0.05,” p < 0.01. The fixed effects are included

to control for potential omitted industry-, regio@nd/or registration type-specific variables. Istty

(region, registration type) fixed includes 39 (28) different categories. In general, if the fixeftects

were not controlled for, the estimated effects widug overstated.
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Table A5: Matching balance test

] Before/After Mean ) %reduction
Variable ) Bias (%) ) t P>t
Matching Treat Control |bias|
Before 0.781 0.488 63.8 52.63 0.000
east 99.7
After 0.780 0.780 -0.2 -0.14 0.892
Before 0.082 0.199 -34.0 -27.10 0.000
middle 98.4
After 0.083 0.085 -0.6 -0.48 0.629
Before 0.081 0.233 -42.8 -33.73 0.000
west 99.4
After 0.081 0.08 0.3 0.23 0.816
o Before 0.005 0.075 -36.0 -26.20 0.000
mining 99.9
After 0.005 0.005 0.1 0.10 0.923
Before 0.994 0.916 384 27.92 0.000
manufacture 100.0
After 0.994 0.994 0.0 0.00 1.000
Before 0.048 0.054 -2.5 -2.16 0.030
SOE 92.9
After 0.048 0.048 0.2 0.13 0.895
Before 0.213 0.056 47.3 46.64 0.000
HMT 99.2
After 0.213 0.212 0.4 0.22 0.823
Before 0.242 0.055 54.4 54.20 0.000
foreign 96.1
After 0.240 0.247 2.1 -1.20 0.231
Before 11.707 10.825 59.6 53.11 0.000
Log total output 96.9
After 11.691 11.718 -1.8 -1.24 0.216
Before 5.916 5.073 74.0 66.10 0.000
Log total employee 98.7
After 5.901 5.891 0.9 0.65 0.516
o Before 4.401 4.469 -6.3 -5.36 0.000
Log labor productivity 47.4
After 4.401 4.437 -3.3 -2.29 0.022
Before 13.238 10.84 18.7 16.66 0.000
age 94.5
After 13.238 13.105 1.0 0.67 0.502
Sample PsR2 LR chi2 p>chi2 Mean bias Med bias
Unmatched| 0.237 10,362.61 0.000 39.8 40.6
Matched 0.000 8.90 0.711 0.9 0.5

Note: Results for the nearest neighbor (one-to-omekhing. As can be seen from the above table, the
standardized bias of all variables after matchimdess than 5%, which is a threshold used in the

literature (Gangl, 2015). The t-test results donegect the null hypothesis that there is no défere of
the mean between the treatment group and the ¢amtap, except for the log labor productivity.
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To further verify the effectiveness of the PSM noeth Figure A1 compares the
density functions of the propensity scesdues of the treatment group and the control

group before and after matching (results for therest neighbor one-to-one

matching).

Before Matching After Matching

4 3 4 6
Propensity Score Propensity Score
[' Treat Control ] [ -

reat Control I

Figure Al: Comparison of propensity score density between trément and

control groups

As shown in Figure Al above, the probability disitions of the two groups of
samples before the match are quite different. Thidue to the differences in the
characteristics of the control group sample and ttleatment group sample. In
contrast, after matching, the probability distribas of the propensity score values of
the two groups are relatively similar, indicatirttat the characteristics of the two
groups are relatively close and the matching isicaned effective. Next, Figure A2
is presented to visualize the difference betweenstandardized percent bias across
covariates before and after matching; Again, tluefiems the effectiveness of the

matching (the results for the nearest neighbortor@re matching).
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Figure A2: standardized percent bias across covarias before and after

matching

Table A6: classification table and accuracy rate fiologit model

True
classified D ~D Total
+ 4,647 2,255 6,902
_ 5470 25,074 30,544
Total 10,117 27,329 37,446

Note: classified + if predicted Pr (D) >= 0.5. TiDalefined as dummy export ! = 0

Sensitivity Pr (+|D) 45.93%
Specificity Pr (-[~-D) 91.75%
Positive predictive value Pr(D|+) 67.33%
Negative predictive value Pr(~D|-) 82.09%
False + rate for true ~D Pr (+|~D) 8.25%
False - rate for true D Pr (-|D) 54.07%
False + rate for classified + Pr (~D|+) 32.67%
False - rate for classified -  Pr (D|-) 17.91%

Correctly classified 79.37%
Note: The table above reports various summaryssizd including the classification table. The aler
rate of correct classification is estimated to 837%, with 91.75% of the non-exporting group
correctly classified (specificity) and only 45.93%f the exporting group correctly classified
(sensitivity). Classification is sensitive to thelative sizes of each component group, and always
favors classification into the larger group. Thipomenon is evident here.
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Table A7: Alternative regression results for dummyvariable export

Log SQ emissions intensity (1) ) 3) (4) (5) (6) )
dummy export -0.833" -1.411" -1.613" -0.813" -0.713" -1.360" -0.692"
(0.240) (0.235) (0.118) (0.118) (0.135) (0.125)  0890)
Log total output -0.761" -0.655" -0.649" -0.766" -0.760" -0.653" -0.757"
(0.119) (0.0914) (0.0986) (0.0820) (0.0725) (0.0643 (0.0559)
Log total employment 0.738" 0.455" 0.587" 0.759" 0.665" 0.491" 0.683"
(0.188) (0.120) (0.152) (0.115) (0.0858) (0.0835) 0.0657)
Log labor productivity -0.0831 -0.0769 -0.0491 -0.0824 -0.0792 -0.0809  088L
(0.0693) (0.0729) (0.0919) (0.0561) (0.0540) (064 (0.0451)
east -1.239" -1.283" -1.221"
(0.311) (0.117) (0.152)
middle -0.133 0.298 -0.108
(0.262) (0.129) (0.138)
west -0.152 0.287 -0.124
(0.383) (0.166) (0.172)
SOE -0.106 -0.730" -0.0958
(0.195) (0.163) (0.135)
HMT -0.998" -1.102" -0.827"
(0.262) (0.125) (0.163)
foreign -1.340" -1.814" -1.328"
(0.191) (0.140) (0.116)
mining -6.449" -6.556" -6.574"
(0.638) (0.598) (0.539)
manufacture 2.171" -2.549" -2.240"
(0.610) (0.371) (0.505)
cons -0.920 1.754 3.344" -1.237 -3.365" 0.797 -3.726"
(0.628) (0.828) (0.510) (0.602) (0.616) (0.573)  487)
Industry fixed Yes No No Yes Yes No Yes
Region fixed No Yes No No Yes Yes Yes
Registration type fixed No No Yes Yes No Yes Yes
n 37,446 37,446 37,446 37,446 37,446 37,446 37,446
R 0.281 0.172 0.147 0.283 0.297 0.176 0.299

Note: Standard errors in parenthesgs< 0.1,” p < 0.05,” p < 0.01. The fixed effects are included
to control for potential omitted industry-, regio@nd/or registration type-specific variables. Istty
(region, registration type) fixed includes 39 (28) different categories. In general, if the fixeftects
were not controlled for, the estimated effects wiche overstated.
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Appendix B
In this appendix to the paper we present robustclessks w.r.t. the OLS estimates in

Section 4.2 of the paper.

Robustness check 1: pollution intensity
According to therirst National Pollution Source Census Prograssued by the State

Council, we divide the industry into pollution-im&ve industry and
non-pollution-intensive industry. The pollution-émsive industries includes the key
pollution industries and key monitoring industriedjile the non-pollution-intensive
industry includes all other industries (State Ca2007, see Table B1).

To allow for variation between the pollution-interes industries and
non-pollution-intensive industries, we re-estimatpiation (1) in Section 4.2 of the
paper by splitting the sample into pollution-intees industries and
non-pollution-intensive industries. The results aeported for both groups of

industries in Table B2.
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Table B1: Classification of industries

Pollution-i

ntensive industries

Heavy Pollution Industries

Key Monitoring Industrie s

Non-pollution-intensive industries

processing of food from manufacture

agricultural products (13)
manufacture of food (14)

manufacture of textile (17)

manufacture of leather, fu
feather and its products (19
manufacture of paper an
paper products (22)

processing of petroleum

coking, processing 0
nucleus fuel (25)
manufacture of chemicg
raw material and chemicg
products (26)

manufacture ohon-metallic

mineral products (31)

manufacture and processingnanufacture of medicines (27)

of ferrous metal (32)

manufacture and processingnanufacture of chemical fiber (28)

of non-ferrous metals (33)
production and supply o
electric power and heg

power (44)

of textile wearin
apparel, footwear, and caps (18)
processing of timbers, manufacture

wood, bamboo, rattan products (20)

manufacture of general purpo
machinery(35)
,manufacture of special purpo
machinery (36)

dmanufacture of transport equipme

(37)
,manufacture  of  communicatio
f equipment, computer and oth

electronic equipment (40)
I manufacture of beverage (15)

il

manufacture of metal products (34)

f production and distribution of wate
t (46)

mining and washing of coal (06)
extraction of petroleum and natun
gas (07)

mining of ferrous metal ores (08)
mining of non-ferrous metal ores (09
mining and processing of nonmet

ofnanufacture of articles for

~

ores (10)

g manufacture of furniture (21)

culture,

education and sport act (24)

senanufacture of plastic (30)

semining of other ores (11)

nmanufacture of tobacco (16)

nprinting reproduction of recording media
e(23)

manufacture of etmdtrinachinery and
equipment (39)

manufacture edsaring instrument and
machinery for culture and office (41)
manufacture of  arkwor other
manufacture (42)
recycling and disposal of waste (43)

production and distribution of gas (45)

manufacture of rubber (29)

Note: The figures in parentheses are the large-size indesdes of industries, corresponding to the matio
industry classification issued by the National Buref Statistics of China (GB/T 4754-2002).
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Table B2: Effects of export intensity in pollutionintensivevs. non-pollution
intensive industries
Dependent variable: Log S@missions intensity

Pollution-intensive industries  Non-pollution-ingwve industries

Log export intensity -0.138 -0.110”
(0.00644) (0.0172)
East -1.048 -2.160"
(0.0977) (0.299)
Middle 0.138 -1.152
(0.109) (0.374)
West 0.137 -1.436
(0.107) (0.386)
Log total output -0.440 -0.640”
(0.0488) (0.146)
Log total employees 0.232 0.419"
(0.0525) (0.160)
Log labor productivity -0.408 0.113
(0.0453) (0.141)
SOE -0.914 -0.332
(0.117) (0.328)
HMT -1.103" -1.201"
(0.0918) (0.213)
Foreign -1.730° -1.294”
(0.0895) (0.223)
_cons 1.145 -1.098
(0.220) (0.637)
n 33,870 3,576
R 0.102 0.084

Note: Standard errors in parentheses. * p < 0.p, £0.05, *** p < 0.01.

In both sub-samples, the effect of an increaséefeixport intensity on the SO
emissions intensity is negative and statisticalpniéicant. In fact, the effects are
stronger if the firm belongs to pollution-intensivelustries, as can be seen from the
different magnitudes, i.e. every 10 percent inggeasexport intensity is associated
with 1.38 percent decrease of S@mission intensity for firms belong to
pollution-intensive industry while 1.1 percent dsage of S@emission intensity for

others.

Robustness check 2: The construction of intensities

In order to test the robustness of our resultst.whe construction of the export
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intensity and the SOemissions intensity in the paper (see Table Spairticular for
those with zero values in either variable, we umealiernative method for the

calculation:

. . export
export intensity = P

S02 emissions intensity =

total output

502
total output

Table B3: Alternative construction of intensities

Log SQ emissions intensity

Log export intensity -0.434
(0.0169)
Log total output -0.169
(0.00626)
Log total employees 0.132
(0.00671)
Log labor productivity -0.00259
(0.00601)
East -0.0238
(0.0120)
Middle 0.154"
(0.0135)
West 0.256
(0.0132)
Mining -1.540"
(0.0402)
Manufacture -1.126
(0.0383)
SOE -0.105
(0.0144)
HMT -0.0898"
(0.0110)
Foreign -0.0804
(0.0108)
_cons 2.719
(0.0455)
n 37,446
R 0.180

Note: Standard errors in parenthesgs< 0.1, p<0.05,” p<0.01

From Table B3, we can see that the effect of thmdxntensity with alternative
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construction methods on the $€mission intensity remains negative, and stasiyic

significant at 1% level.

Robustness check 3: Sub-samples for positive $@missions and/or positive
exports

By construction, if exports and $@®missions are simultaneously zero in the raw data,
we would end up with perfect linear associationjclvlwould bias the estimation. In
order to tackle this issue, we proceed with thdofahg treatment, delete i)
enterprises with export value of 0; ii) firms wittero SQ emissions; and iii)
enterprises with both zero values for export and &@issions; each in turn, and then
re-run the regressions. The regression resultshiothree sub-samples are given in

Table B4 below.
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Table B4: Export and SO, emissions for sub-samples

Log SQ emissions intensity Export>0 $€missions>0 Export>0&S@missions>0

Log export intensity -0.248 -0.0707" -0.0827"
(0.0323) (0.00313) (0.0173)
Log total output -0.235 -0.794" -0.430"
(0.0951) (0.0236) (0.0539)
Log total employees -0.0954 0.459 0.0558
(0.101) (0.0256) (0.0574)
Log labor productivity -0.144 -0.0543 -0.183"
(0.0916) (0.0217) (0.0510)
East -2.458 0.254" -0.459"
(0.207) (0.0442) (0.101)
Middle -0.555' 0.520" 0.0620
(0.259) (0.0491) (0.126)
West -0.777 0.653" 0.155
(0.261) (0.0482) (0.127)
Mining -6.756" -3.267" -1.581
(2.457) (0.150) (1.075)
Manufacture -5.805 -2.188" -2.7217
(2.372) (0.137) (1.007)
SOE -0.762 -0.340" -0.450"
(0.235) (0.0560) (0.122)
HMT -0.938" -0.284" -0.211"7
(0.126) (0.0461) (0.0721)
Foreign -1.655" -0.718"7 -0.783"
(0.121) (0.0452) (0.0684)
_cons 5.958 6.632" 6.424"
(2.409) (0.169) (1.032)
n 10,117 25,925 5,902
R 0.076 0.245 0.161

Note: Standard errors in parentheses. * p < 0.J, €0.05, *** p < 0.01

From the results shown in Table B4 above, it iarctbat the effect of the export

intensity on the S@emissions intensity is negative (and comparablmagnitude)

and statistically significant at 1% level, in alirée sub-samples. It further confirms

the conclusion of benchmark regression in the paper

Robustness check 4: Heterogeneous effects of regabstructure and ownership

Do the effects vary across regions?

There may be reasons to suspect that the effedtseoéxport intensity vary across



regions. Because of the different level of econodaeelopment in different regions,
they have different degrees of environmental ptaieccoupled with region-specific
characteristics. According to the classificatiortlod central government, the address
codes in our sample can be divided into four regiaastern, central, western and
northeastern. The sub-samples of the eastern regmnarger than those of other
regions, so we merge the samples of three regixcepethe eastern region into one
sample (other regions) for analysis (see analogaaiment in Wangt al, 2018).

To check if the effects of the export intensityywacross regions, we re-estimate
the model. First we test the effects of exportnsty on SQ emission intensity in
eastern and non-eastern sub-samples respectivedyreBults are reported in Table
B5.1. In order to further verify the effects of exp intensity on S@ emission
intensity in eastern and non-eastern, we add ictieraterms of the export intensity
and the regional dummies for the eastern and therdi.e. central, western and
northeastern) region$he results are reported in Table B5.2. Both coieffits for the
two regions are negative, and are statisticallyigant. Overall, the findings are
consistent with those reported earlier in our papeat is to say, the higher the export
intensity is, the lower the S@mission intensity is. Irrespective where the gmise

is located, it will have qualitatively the sameeetf.
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Table B5.1: Heterogeneous effects for the subsetseastern and other regions

Log SO emissions intensity  Eastern  Other regions
@) 2
Log export intensity -0.184 -0.111"
(0.00740)  (0.0105)
Log total output -0.634 -1.014"
(0.0641) (0.0674)
Log total employees 0.400 0.831"
(0.0690) (0.0721)
Log labor productivity 0.0393 -0.0917
(0.0617) (0.0604)
Mining 51717 -6.923"
(0.506) (0.387)
Manufacture -2.105 -2.756"
(0.451) (0.376)
SOE -0.994 -0.899”
(0.184) (0.134)
HMT -1.228" -1.324"
(0.0976) (0.182)
Foreign -1.848 -1.784"
(0.102) (0.144)
_cons 0.935 6.287"
(0.515) (0.454)
n 21,225 16,221
R 0.096 0.143
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Table B5.2: Regressions with dummy variables for edern and other regions

Log SG emissions intensity (1) (2)
Log export intensity*Eastern -0.183
(0.00686)
Eastern -3.297
(0.0733)
Log total output -0.751  -0.696"
(0.0466)  (0.0471)
Log total employees 0.553  0.431"
(0.0501)  (0.0504)
Log labor productivity -0.0400 -0.0126
(0.0435)  (0.0439)
Mining -6.358"  -6.516"
(0.309)  (0.312)
Manufacture 2546  -2.725"7
(0.294)  (0.297)
SOE -0.886°  -0.749"
(0.110)  (0.112)
HMT -1.307"  -1.803"
(0.0838)  (0.0826)
Foreign -1.882°  -2.354"
(0.0818)  (0.0809)
Log export intensity*other regions -0.0743
(0.0110)
Other regions 1.079
(0.116)
_cons 5.466  3.802"
(0.341)  (0.346)
n 37,446 37,446
R 0.144 0.127

Note: Standard errors in parenthesgs< 0.1,” p < 0.05,” p < 0.01. The column (1) ((2)) shows: in
the total sample, according to whether the entseps located in the eastern region (other regjams)
generate a dummy variable “east” (“other regiong’the enterprise is located in the eastern region
(other regions) to take the value of 1, otherwisket0. From column (1) ((2)), we can see if the
enterprise is located in the eastern region (otbgions), when the export intensity increases by 10
percent, the S£emission intensity c.p. decreases by 1.93 pe(ferd3 percent).

Do the effects vary by ownership?
Ownership may also affect an enterprise's resptomsenvironmental regulations.

Pargal and Wheeler (1996) find that the marginateinent cost of state-owned
enterprises is higher than that of private firmy. &mparing the environmental

performance of enterprises with different ownerstyjpes, some studies have also
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found that multinational enterprises are more megdi to have clean technology than
other types of enterprises. Developed countriegllysihave higher environmental
standards than developing countries, so this issmonducive to the innovation and
development of environment-friendly technologiesdeveloped countries (Lanjouw
and Mody, 1996). Therefore, even where standards eelatively weak,
foreign-invested enterprises often adopt newer @edner technologies. Domestic
enterprises in many developing countries do notehamough funds to acquire
environmental technologies to cope with new ensrambhd foreign competition
(Christmann and Taylor, 2001). Multinational comowns usually face greater
environmental protection pressures. The institaiopressure of environmental
self-regulation of multinational corporations stefmsn a complex legal environment,
including supranational institutional pressure (Kkoa and Zaheer, 1999). Customers
and the public may be much less tolerant of forasgmpanies’ misconduct than
domestic companies, and in terms of bargaining pof@eeeign companies may be
less bargaining power than domestic companies ¢Lial, 2014). Companies with
different ownership structures have different banigg power in enforcing
environmental regulations, such as pollution charged fines (Wang and Wheeler,
2003). Foreign companies are often the target gifile@ory enforcement as they are
not familiar with the local political background.

Table B6 presents estimates of the effect of tlp@exntensity on S@emissions
intensity by ownership type. The results suggesit ttihe export intensity had

statistically significantly negative effect on g@missions intensity for all ownership

type.
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Table B6: Regressions with dummies for ownership

Log SQ emissions intensity Q) (2) 3) 4)
Log export intensity * SOE -0.153
(0.0260)
Log export intensity * Other domestic -0.1869
(0.00752)
Log export intensity * HMT -0.155
(0.0146)
Log export intensity * Foreign -0.113
(0.0139)
SOE -1.648"
(0.260)
Other domestic 0.361
(0.0869)
HMT -2.204”
(0.113)
Foreign -2.649
(0.108)
Log total output -0.708 -0.772" -0.733" -0.658"
(0.0478)  (0.0469) (0.0475) (0.0473)
Log total employees 0.284 0.549" 03417 0.3147
(0.0511) (0.0503) (0.0506) (0.0503)
Log labor productivity -0.0515 -0.0467 -0.0544 260
(0.0446)  (0.0437)  (0.0444) (0.0442)
East -1.664  -1.401" -1.501" -1.622"
(0.0940)  (0.0924) (0.0938) (0.0931)
Middle 0579" 0.321" 0.557"  0.406"
(0.106)  (0.104)  (0.105)  (0.105)
West 0.564"  0.303" 0.5257 0.400"
(0.104)  (0.102)  (0.103)  (0.103)
Mining -6.290" -6.906" -6.229" -6.268"
(0.317)  (0.309)  (0.313)  (0.312)
Manufacture -2.696 -3.1127 -2.584" -2.586"
(0.302)  (0.293)  (0.297)  (0.295)
_cons 5908  4.139" 5826° 5.228"
(0.358)  (0.354)  (0.354)  (0.353)
n 37,446 37,446 37,446 37,446
R 0.099 0.134 0.108 0.116

Note: Standard errors in parenthesgs< 0.1,” p < 0.05,”" p < 0.01. The column (1) ((2), (3), (4)) shows:liet
total sample, according to whether the enterpréderiys to SOE (Other domestic, HMT, Foreign), waegate a
dummy variable “SOE” (“Other domestic”, “HMT", “Feign”), if the enterprise belongs to SOE (Other dstit,
HMT, Foreign) take the value of 1, otherwise takdé-@m column (1) ((2), (3), (4)), we can see & #mterprise
belongs to SOE (Other domestic, HMT, Foreign), whie® export intensity increases by 10 percent, Sfg

emission intensity c.p. decreases by 1.53 perde®® (percent, 1.55 percent, 1.13 percent).
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