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1. Introduction

The degradation of the environment in developingntes has been one of the most
challenging policy issues of recent times. The masgrowth in world trade might be
the main source of this problem. On the one hdmetetare theoretical and empirical
concerns that the developing world acts as a “poluhaven” for the developed
world (e.g., Copeland and Taylor, 2004; Kellenbe2§09). In addition, empirical
evidence shows that trends of local pollution irvedeped countries are declining
strongly (e.g. WIOD 2013 & 2016). On the other hamdde may lead to structural
changes, efficiency gains and technological impnosets which could contribute to
less pollution in developing countries.

China is not only key to understanding whether dr&l good or bad for the
environment in developing countries, it is also thest prominent example both in
terms of export growth and growth in sulfur dioxi®0) emissions, especially
after its accession to the World Trade Organiza(@frO). From 2001 till 2007
(before the financial crisis in 2008/09), the traddume soared from about half
trillion RMB (i.e., 51 million USD in 2001) to 1.8illion RMB in 2007; and during
the same period, S@missions grew from 21.9Mt to 27.9Mt. China nowme of the
world’s biggest S@ emitters and simultaneously plays an important iacdeasing
role in trade. Will this exacerbate the problem bying improvements in SO
pollution?

Answering this question is central to understandivgenvironmental effects of
trade liberalization. For instance, one strandeskarch argues that international trade
iS not conducive to improvements in environmentahldy or at best the effect is
ambiguous. Classical discussions date back to iefdai©70). More recently, Cole et

al. (2006) used energy consumption as the mainndige variable (rather than

! There are several reasons why a focus on, BOwarranted. SO emissions are primarily
industry-driven (rather than generated by trangpion or household activity) and the corresponding
negative effects are local (rather than trans-bannar global). Furthermore, different abatement
technologies exist. In fact, China ranks the fiimt total SQ emissions in the world, and emitted
30.8Mt in 2010 (Klimont et al., 2013). The S€mission intensity (measured by Snissions per unit
of total output), however, gradually declined frak8.60t/million dollars in 1997 to 1.45t/million
dollars in 2014 or respectively by about 12 perqmmt year (Source: WIOD 2013 & 2016; National
Bulletin of Environmental Statistics of China, \@urs years).
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various pollutants) and found a positive correlatizetween the degree of trade
openness and per capita energy consumption. Regc&tihpiro and Walker (2018)
report a large role of technique effects and vemalk trade-induced composition
effects. In contrast, Cherniwchan (2017), who uN@d-TA as a policy shock to
examine the effects of trade liberalization and tha@lution emitted by US
manufacturing plants, shows that ratification of RIA accounted for a substantial
decline of particulate matter and S®missions from affected US manufacturing
plants. In other words, trade liberalization isrfduo be an important driving force
for reductions of pollution for manufacturing plantn this vein\World Development
Report 2020the flagship report by the World Bank, recognittesambiguous effects
of international trade on the environment (see @Grep).

To examine this problem, relying on aggregate (ither industry and/or region)
as a standard practice has provided robust emipienidence on the differential
effects of trade liberalization across heterogesegegions and sectors (see Dean and
Lovely, 2010)* However, these studies do not offer much insighthe behavior of
individual polluters within each industry. In thigaper, we move beyond the
relationship between trade and aggregate pollutewels and study the firms’
responses (in terms of pollution behavior, measimgd@missions per unit of total
output) to China’s WTO entry, a trade shock thatoaats for the increase in market
competition in ChinaSpecifically, we focus on SCemissions, one of the main local
pollutants with severe negative effects for theimmment and human health in China
(HEI, 20186).

This paper builds on a unique dataset to investigaé manufacturing firms’
environmental responses to trade liberalizatiorecBigally, we utilized data during
the period 2000-2007, and took China’s WTO entrg@@1 as a quasi-experimental
setting, to perform a difference-in-difference (DIBstimation. In this way, we are
able to directly examine the impact of trade liieedion on firms’ environmental

performance. To that end, we combined and mergee ttich firm-level datasets for

2 They point out the heterogeneous performance déérdifit firms, an important aspect that will be
further considered in our study.
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China, namely the National Bureau of Statisticshwal survey of industrial
production (ASIP), which shows firm-level productianformation; the Chinese
environmental statistics database (CESD) obtainmd the Ministry of Ecology and
Environment; and customs data provided by Chinadbus plus tariff data obtained
from WITS (World Integrated Trade Solution, deveddp and maintained by
UNCTAD and World Bank). A total of 13,641 manufaatg observations were
successfully matched. To the best of our knowledge the first time that this unique
dataset has been constructed and used in thieflir@search.

The identification in this paper is made possihle tb China’s dual trade regime.
In addition to the normal trade regime, there $pacial treatment of processing trade.
Specifically, processing trade refers to a tradedenon which firms import raw
materials, or parts and components from other cmstcombining with their own
land or labor resources, process them into finabpets and then export. In fact,
processing exports accounted for over half of Chimatal exports for the period
1996-2007 (see Yu, 2015; Dietzenbacher et al., 2012

The tariff reduction after China joined the WTO hel different effects on the
enterprises engaged in processing trade and ndradg (in several aspects, e.g.
declining input costs). Theoretically speaking, tbe enterprises participating in
processing trade, the impact of trade liberalization their environmental
performances should be relatively small, as pracgdsade enjoys tax-free treatment
both before and after the trade shock (i.e., thiess were not directly affected by the
shock). While the firms engaged in normal trade nldd enjoy a preferential tariff
before China's accession to the WTO, yet saw amrigriff decline after China's
accession to the WTO (i.e., these firms were diyedfected by the shock). Therefore,
it is expected that the impact of trade liberal@aton pollutant discharges of normal
trade enterprises is greater compared to procetsidg enterprises.

Using processing exporters that enjoy tariff-exaans both pre- and post-WTO
entry as the control group and normal exporters shav tariff changes during the

same period as the treatment group, our empiriodings can be summarized as



follows. China’s WTO entry contributed to lower $@mission intensitfor normal
exporters. Specifically, compared with processixgpoeters that are not directly
affected by trade liberalization, $CGemission intensity of normal exporters is
statistically significantly reduced by roughly 6%ea China's accession to WTO.
Hence, China’s WTO entry accounted for a lower, 8@ission intensity for normal
exporters, which is in line with previous evidermeported for developed economies
(see Cherniwchan, 2017). In order to provide supgmoevidence for our approach,
we conducted a falsification test, in which hybrckporters (performing both
processing and normal exports) replaced the pummalaexporters. As expected, the
impact of China's accession to the WTO on the 8@ission intensity of hybrid
exporters is no longer statistically significante\also study possible confounding
effects of two policy reforms, i.e. the reform dhte-owned enterprises and the
relaxation of regulations on the entry of foreignvasted enterprises. China's
accession to the WTO still has a significantly riegaimpact on the SQemissions
intensity. We show that these effects vary acregseoship in different regions.

In theory, there are several potential mechanisimshwmay be accountable for
this pattern, our focus here however is on the dessribed by Melitz (2003) model
with heterogeneous firms. China's accession toWWi® might impact enterprises
engaged in normal export via different channelgstFithrough the productivity
channel, i.e. lower input costs (due to lower inbptariffs) result in higher
productivity, and productivity is negatively reldtdo firms’ emission intensity
(Forslid et al., 2018). Second, through the dynanotfirm entry and exit, i.e. the
reallocation of market shares, trade opennessasesclocal competition and forces
the least productive (also the most polluting) Brto exit the exporting market, and
non-exporters to scale down their production. Rnevistudies have shown that more
productive firms are cleaner for a given produtyivevel since they find it profitable
to make larger fixed investments in clean technpl¢gg., due to more stringent
environmental regulations) (see e.g., Forslid et 2018). We observe that these

properties are consistent with Chinese manufagsurvey data, which contains rich



information at the firm level. Indeed, our resd®w that especially more productive
normal exporters became cleaner (with lowep 8fissions per output) after China's
accession to the WTO.

We make three main contributions to the literatdirst, relative to other recent
micro data work on environmental effects of tradeeralization in developed
countries, we constructed a unique dataset for &from the merger of three rich
firm-level datasets. It allows us to conduct indtegtudy for the environmental
performance (i.e., SOemission intensity) of Chinese firms due to trastecks.
Second, we study the impact of trade liberalizabonthe environment at granular
firm level, taking advantage of China’s dual traggime (processing vs. normal
exports). Third, we make use of China's accessmrthe WTO in 2001 as a
semi-natural policy shock to perform a DID estiroatstrategy that directly tackles
the potential endogeneity problem (i.e., the siemsity issuef, which is key in order
to correctly estimate whether trade liberalizatbomtributes to cleaner manufacturing
production

Our paper provides novel evidence on firms’ envinental reactions in China
due to the trade liberalization shock and discuskesunderling driving forces of
these reactions. It relates to the long-time debate/hether trade is good or bad for
the environment, most notably Cherniwchan (201€g (alsoWorld Development
Report 2020Forslid et al., 2018; Cui et aR012; Cole and Elliott, 2003; Antweiler et
al., 2001; Copeland and Taylor, 1994; Grossmankandger, 1991§. Our paper also

% Generally speaking, there are three main sourtesdngeneity: first, policy endogeneity; second,
omitting variables; and third, reverse causalityisTcould occur if there were to be measuremewntrerr
concerning estimates of the possible interactidméen trade and the environment. Previous studies
have contributed to investigations along this (sie e.g., Baghdadi et al., 2013; Léschel et QlL32
Managi et al., 2009; Gamper-Rabindran, 2006). Inaase, it is more about simultaneity, i.e. didi&a
increase productivity which reduced pollution, @ groductivity increase trade and reduce pollution
simultaneously? Therefore, the WTO accession irsetting could work as a quasi-experiment.
* The availability of micro-level data allows for @tter understanding of firms’ heterogeneity with
regard to their environmental performance (Berramd Jensen, 1999; Tybout, 2001). More recent
empirical studies seek to explore the firm-levéhtienship between export status and environmental
performance, and the mechanisms at play. For exaBpitish exporting firms are found to contribute
to better environmental performance because thegvate more (Girma et al., 2008). Similar results
are obtained for Ireland (Batrakova and Davies,220Bweden (Forslid et al., 2018), and the US
(Holladay, 2016). Clearly, most research focusesdeneloped countries, while evidence from
developing economies is scant. The main reasonghtmrelatively small amount of literature for
developing countries seem to be lacking data avilitlp and poor data quality, in particular
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relates to a fast-growing strand of literature thiatdies the impact of China's entry
into WTO on firm performances, e.g. total factooguictivity (TFP); mark-up (Brandt

et al.,, 2012; 2017) and innovation (Liu et al., @)1Moreover, discussions on
environmental policy issues have been growing inn&h(Xu, 2011), and trade

policies are often adopted to address such issdsenbarth, 2017). Our paper
complements these studies and also relates to Bedndl. (2017) who study the
effects of trade liberalization on firms’ mark-ulpanges.

The paper proceeds as follows: Section 2 desctiteedataset and presents some
stylized facts. Section 3 formally introduces tlcer@ometric models and conducts the
empirical investigation on trade liberalization a0, emission intensity for
manufacturing firms. Section 4 discusses poterdigdlanations for the observed

pattern. Section 5 concludes.

2. Data and background

2.1 Data overview

Our dataset is derived from three rfoin-level data sources: i) the annual survey of
industrial production (ASIP) maintained by Natiofalreau of Statistics (NBS); ii)
China's environmental statistics database (CESDViged by Ministry of Ecology
and Environment (formerly known as Ministry of Eronnmental Protection); and iii)
customs trade database collected by China Custbarther, we obtain tariff data
from WITS (i.e., World Integrated Trade Solutionpimtained by the World Bank.
These four datasets are matched and merged.

ASIP database records annual firm-level data ferptariod 2000-2007, covering
all state-owned enterprises, and offirens with sales above 5 million RMB. These
data are derived from annual surveys conducted B,Nand widely used in
economics studies. The original ASIP data set geduthe mining, manufacturing and

public utilities industries; however, as most ok tmerchandise trade occurs in

concerning the firm-level data characterizing hegeneity of firms within industry.



manufacturing, we only consider the data from tlamuafacturing industry. Following
common practice dealing with China’s ASIP (see, &g, 2015; Feenstra et al., 2014;
and Brandt et al., 2012), as a first step, obsemsthat reported missing or negative
values for any of the following variables were dettfrom the study: total sales, total
revenue, total employment, fixed capital, expottugaintermediate inputs; as well as
those where export values exceeds total salespratidshare of foreign assets
exceeded one. Thereafter, we also omitted obsenstwith less than eight
employees (which are not likely to have reliablecamting capacity). Further, as the
data ranges from 2000 to 2007, corresponding todifferent versions of industry
classifications, we map the data for 2000 and Zb@%ed on the 1994 standard) to the
2002 version of the China Standard Industrial Gliassion.

The CESD is the most extensive nationwide envirantaledataset in China
provided by the Ministry of Ecology and Environmemind just recently made
available to researchers (see Pei et al., 2019;gWetn al., 2018 for recent
contributions using the dataset). Due to the sttath quality control procedures, the
CESD is arguably the most reliable dataset in Chreaording plant-level
environmental performance. In fact, the CESD ctdleannual emissions data for
three industrial sectors, namely mining, manufactyrand electricity, heat and water
production and supply, covering 39 two-digit NafbnStandard Industrial
Classification (SIC) industries. According to thatleority, all plants within each
county are first ordered from highest to lowestoadmg to their annual discharges of
pollutants and waste, such as Chemical Oxygen Deérf@®D), NH;, SO, NOx, and
Total Suspended Particulate (TSP). Then, the plargach county that account for 85%
of the annual discharges of one or more pollutantee same county are included in
the CESD. The variables included in the annual CB&D1) basic information of the
enterprise (e.g., name, address); 2) basic pramuctiormation (e.g., total output); 3)
pollutants (e.g., S§ COD); 4) pollution abatement equipment (e.g..estment in
abatement).

Customs data is provided by China Customs. Thiabdae covers all trading



firms with trade related indicators and spans fi2000 to 2007. It covers the entire
sample of China's exporters and importers, andaamtdisaggregate product level
information of firms' trading price, quantity anélve at the HS eight-digit level.
Importantly, this data also provides informationtcade mode, i.e. whether a firm is
conducting processing export or normal export,vahg us to construct firms' status
as to processing and/or normal traders. Followirayipus research for matching and
merging China’s micro data, we first match the A@H the CESD. The matching
and merging process is roughly divided into twometeps (see Pei et al., 2019 for a
related discussion regarding the year 2007). Amah,tthe merged data are matched
with Customs data, resulting in an unbalanced pf&oet 2000 to 2007 with 13,641
observations (plus 10,412 observations for hybirths; and for identification
consideration, the 13,641 observations of pure gmsiog and normal exporters are
used in subsequent analysis, if not otherwise dtatetails are provided in the

Appendix Al.

2.2 Policy background
In order to attract foreign invested enterprised ancumulate foreign reserve (via
trade surplus), among other motives, China stgrtedessing trade (i.e., imports to
exports) after her opening-up policy in 1978. Likeny other economies, where
preferential measures such as duty-free when eirgespimport raw materials,
components or other investment goods are only egdk to strictly controlled export
processing zones, China designated several aresslynalong the coastal regions,
e.g. Guangdong Province) as the processing zonas.nfanagement concern,
originally the idea was to put all the processiimgn$ in processing zones, but this was
not very successful (in fact, less than one thirgrocessing trade is conducted within
officially defined processing zones).

One major obstacle for this practice is that, thed will not be able to exploit
the full potential of China’s relative low cost de.labor cost). Then, in parallel to

normal trade regime, China Customs implementedoagssing trade regime which



traced the processing imports virtually all overir@huntil they are re-exported.
Although the special economic zones (SEZs) attdaetelot of attention and are
located near important economic centers in soutleastal China, they did not
determine the scope of the export processing regiRather the definition of the
processing zone is not geographical, but formetheriegal status of enterprises (as
long as they have foreign orders specified as ggiog trade). In essence, China has
created a huge export processing zone.

The processing traders, which can be foreign imeesnterprises (FIES), private,
or state owned enterprises (SOES), are tariff-ex¢Maughton et al., 1996), and can
perform the production activities virtually anywhewithin China (i.e. they are not
restricted to processing zones, in contrast tccatpases in many other economies).
Compared with normal trade, the typical featurg@mfcessingrade is that it is duty
free, that is, the imported inputs are exempteohfimport tariff (plus value-added tax
applicable). Further, processing trade is alsoesilip tax rebate policy, i.e. domestic
materials and parts used in the processing prazesbe refunded when exporting. In
sum, no tariff and value-added tax (VAT) must bédpga China when processing
imported materials and parts, but all final proguntust be exportetIn sharp
contrast, firms engaged in normal trade are redquioepay import tariff and VAT,;
even if VAT may be refunded, it is only partialgimbursed.

China formally joined the WTO on December 11, 20@Xook about 15 years
since the negotiation started, whose exact timargle regarded as an unpredictable.
Moreover, the ratification is depending on factastside China such as the
negotiations between China and WTO member econdrkeeshe US and EU. More
specifically, from China’s perspective, it is exagas and out of control though
China has devoted a lot of effort, e.g. beforedsblishment of WTO, it was hoped
to regain the status of founding member of GATT bat successful, and it took

another 6 years to get a ticket entering WTO in12B0om the US perspective, it also

® |t was strictly implemented before 2008 (when glofinancial crisis started) that processing trade
must be exported. After 2008, acknowledging thdiadilt situation of exports plus the pressure of
rebalancing and China’s own structural reform talgamore domestic consumption, the processing
trade was allowed to sell domestically given thattax was properly paid.
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comes as a surprise, e.g. Schott and Pierce (28it6hute the decline of US
manufacturing jobs to US (unexpectedly) grantednaerent MFN to China in 2000;
ADH (2013) directly link the job losses to Chin@smexpected) accession to WTO. In
this regard, the exact timing of China’s entry iMrO is arguably unpredictable,

thus can be considered as a policy shock.

2.3 Variable construction
In what follows, we construct relevant variableaged on the merged dataset) for the
empirical study.

Dummy normal variable

In our sample, trade mode is a variable indii@ (see Table 1 for summary statistics).
In fact, there are several categories of trade miod¢he raw data, including:
processing and assembling (no ownership changemegsing trade with imported
materials (with ownership changes), normal traade, @ther forms of trade (a small
proportion of trade). Following relevant regulasoand official definitions, the mode
of processing trade consists of processing andrddsey and the processing trade
with imported materials, while the mode of normade refers to the remaining
modes of trade.

In addition, we observe that there are enterprsE$orming both processing
trade and normal trade. These enterprises are deasidybrid type of trading firms.
For specification and identification consideratiarg focus on firms engaging in one
single trade mode, i.e. either pure processinget@dpure normal trade. Therefore,
the main results in the paper do not include théridytrading firms (10,142
observations).

As previously stated, the final dataset is an wen@@d panel from 2000 to 2007
with a total of 13,641 observations. To facilitater analysis, we generate a new
dummy variable rformal) from the unbalanced panel dataset; 11,875 ouit3¢641
observations are assigned the dummy variabtenal which equals 1, while the rest

(i.e., the remaining 1,766 observations) equals.zer

11



The lower panel of Table 1 presents several keyssts for the raw data from
ASIP and CESD (served as the population). Due tierdint coverage of firms in
different surveys, the merged sample is a subséteofaw data. Nonetheless, some
preliminary comparisons between the sample andrdlae data can be seen. It is
observed that the merged dataset in general i®rlargaverage total output and
employs more workers, while emits less,Sfan the raw data. A simple calculation
shows that the average S€mission intensity of the merged dataset is Iawan that
of the raw data, so we interpret our subsequentirarapresults as a lower bound

estimation.

Table 1: Observations of different trade modes andgtatistics for the raw data

Trade mode/dataset  Observations Total outB®, emissions Employment
(simple mean in (simple mean (simple mean
million RMB) in tonnes) in thousand)

Normal trade 11,875 269.273 169.152 0.844

Processing trade 1,766 316.118 117.127 0.814

Hybrid 10,142 549.181 109.229 1.049

ASIP 1,777,293 80.852 n.a. 0.267

CESD 599,035 125.807 197.757 n.a.

Exporters in ASIP 29,245 451.265 120.946 1.039

and CESD

Source: Authors’ own illustration based on raw datd the matched dataset. ASIP = annual survey of
industrial production maintained by National Bureafl Statistics of China; CESD = China
environmental statistics database maintained bysttinof Ecology and Environment.

SO, emission intensity

We use the ratio of sulfur dioxide emissions taltoutput, and then add 1 to calculate
the sulfur dioxide emission intensity (to facilgadur analysis when taking logarithms,

as some firmsnay report zero emission3).

Real total output, real intermediate input and realvalue added

The World Input-Output Table of 1998-2007 from WW¢OD database (see Timmer et

% In the sample, the number of observations withepmrting SQ emissions value is 3,617, accounting
for 26.52% of the total observations.
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al., 2015) provides annual data for China. The datdude the total output and
intermediate input in current prices, and there a@s® data of total output and
intermediate input in previous year's price. Théoraf the two different output
values gives the total output price index, which ba used to estimate the real total
output value of each year at 1998 constant pricé®wise, the ratio of the two
versions of intermediate inputs gives the priceeindf the intermediate inputs, which
can be used to derive the intermediate input vatue©98 constant prices. Ultimately,
real value added can be obtained (as a residuatubtracting the real intermediate

input value from the real total output value.

Real Capital Stock

We use the standard perpetual inventory methodatoulate capital stocks. This
variable is used to estimate productivity. In tladcalation process, it was necessary
to ensure the availability of the initial capitaiosk of each enterprise, the real
investment of fixed assets and depreciation valusach year were available. We use
the net value of fixed assets of each enterprid®88, or the net value of fixed assets
corresponding to the year when the enterprise dppears in the database, to convert
it into the actual value in 1998 as the initial ikalpstock of each enterprise.

Although ASIP database does not directly reportfitked asset investment at the
enterprise level, it reports the original value fofed assets in each year. The
difference between the original values of fixedeésdn the next two years is the
nominal investment of the enterprise in each yEaen, according to the price index
of fixed asset investment, it can be converted tht real investment valuASIP
database directly reports the depreciation amolueach enterprise in the current year,
and then using the fixed asset investment pricexras a deflator, we can calculate

the real depreciation value. Finally, we can obta@real capital stock at firm level.

TEP (ACF), TEP (OP) and TEP (OLS)

There are several methods to estimate total famtoductivity (TFP), and each of

13



them addresses certain issues pertaining to tlze Bat the sake of completeness, we
briefly discuss the main approaches, and how wdyappse methods in our data.
The baseline estimation for TFP normally starthv@l.S estimation of a production
function. However, (for the econometrician unobsédjvproductivity shocks may
influence inputs and output leading to simultanéigs (e.g. Griliches and Mairesse,
1995). To reckon with the simultaneity problem,e9land Pakes (1996) proposed to
use the current investment of enterprises as aypuaxiable of the impact of
unobservable productivity; alternatively, Levinsadmmd Petrin (2003) chose to rely on
the intermediate input as a proxy variable of thehservable productivity impact.
Moreover, according to Ackerberg et al. (2015) hboP (Olley and Pakes, 1996)
and LP (Levinsohn and Petrin, 2003) methods hawe globlem of "function
correlation”, that is, the labor input is a certéimction of other variables, so the
coefficient of labor input cannot be estimated e They therefore proposed a
method to solve the "function correlation". Spexfiy, they introduce labor input
into the function of investment demand or intermagéslidemand, so as to obtain a
consistent estimation of production function, mgkthe estimation result preferred.
In this regard, we use the ACF method (AckerbergleR015) to calculate TFP. In
addition, the OP and OLS are employed to re-eséinf&P as robustness tests. A

summary of the variables is given in Table 2.
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Table 2: Variable definition

Variables Description
Normal A dummy variable. If an enterprise engagedarmal trade, the value
is 1; otherwise 0.
Post2002 A dummy variable. For 2002 and later yetlrs value is 1; or

SO, emissions
SO, emission intensity

Employment
TFP(ACF)
TFP(OLS)
TFP(OP)
Intermediate ratio

Wage ratio

otherwise 0.

Total sulfur dioxide emissions in tqer year by enterprises

The ratio of sulfur dioxide emissions in ton toafoindustrial output
value in mRMB +1

Average number of employees per year

Total factor productivity calculated using ACF medh

Total factor productivity calculated using OLS nedh

Total factor productivity calculated using OP meatho

The ratio of intermediate input value in mRMB taaloindustrial
output value in mRMB

The ratio of employees’ wage in mRMB to main busieevenue in
mRMB

Source: Authors’ own illustr

3. Statistical analysis

3.1 Descriptive statistics

ation.

Table 3 shows descriptive statistics for the wisaeple; Tables 4 and 5 for normal
and processing exporters respectively. The observéthat processing exporters on
average are cleaner than normal exporters is mptising given that the production
of processing trade is more labor-intensive thammab trade, and usually

capital-intensive production is positively assaethtvith heavy pollution.

Table 3: Whole sample including normal and processg exporters

Variable Observations Mean Sd Med iqr Min Max

SO, emission intensity (fmRMB) 13,641 1.618 1.298 1.114 0.585 1 8.431
Normal x Post2002 13,641 0.711 0.453 1 1 0 1
Employment 13,641 839.990 1739.234 375 665 8 44233
TFP (ACF) 13,641 0.414 0.180 0.391 0.210 0.054 1.118
Intermediate ratio 13,641 0.760 0.118 0.772 0.14436@ 0.981
Wage ratio 13,641 0.078 0.065 0.060 0.069 0.005 460.3

Source: Authors’ calculation based on the mergeasd
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Table 4: The sample of normal exporters

Variable Observations Mean Sd Med iqr Min Max

SO, emission intensity (fmRMB) 11,875 1.650 1.335 1.128 0.626 1 8.431
Employment 11,875 843.784 1742.083 380 670 11 44233
TFP (ACF) 11,875 0.416 0.180 0.393 0.210 0.054 1.118
Intermediate ratio 11,875 0.758 0.118 0.769 0.14536@ 0.981
Wage ratio 11,875 0.077 0.063 0.059 0.067 0.005 460.3

Source: Authors’ calculation based on the mergeasd

More specifically processing trade involves faltima activities (e.g., the assembly
of iPhone by Foxconn in China, hardly generate simns directly), whereas normal
trade consists of production both for intermediated final goods (typically
associated with emissions). From a production cpaint of view, processing trade
has a shorter production chain than that for notnaale (see a thorough discussion in

Yang et al., 2015), thusp.generates less emissions in China.

Table 5: The sample of processing exporters

Variable Observations Mean Sd Med iqr Min Max

SO, emission intensity (fmRMB) 1,766 1.403 0.983 1.032 0.338 1 8.431
Employment 1,766 814.477 1720.225 340 629 8 37530
TFP (ACF) 1,766 0.400 0.181 0.376 0.208 0.054 1.118
Intermediate ratio 1,766 0.776 0.119 0.791 0.138 36M@. 0.981
Wage ratio 1,766 0.088 0.077 0.065 0.083 0.005 60.34

Source: Authors’ calculation based on the mergeasdd

3.2 The environmental effects of trade shocks on exporting firms
As stated above, processing trade is a typicahgement in developing countries,
taking advantage of cheap labor combined with teldgy and markets in developed
economies. That said, this form of trade is nogueito China, and is also existing in
other East Asian countries (e.g., Indonesia antNa&n) and Mexico (being the three
most prominent examples).

Governments in developing countries usually enageirthe development of
various types of processing trade as a means tizipate in global production (see

e.g., World Development Report 202@vhere imported intermediates such as parts
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and components are usually tax-free. Hence, ddhegrocess of trade liberalization
(mainly in the form of import tariff reduction), éhenterprises engaging in processing
trade are not (or to a lesser extent) affected ewetpwith the enterprises conducting
normal trade. Therefore, it is hypothesized thiag énvironmental effects of trade
liberalization on the pollutants discharged by hegeneous enterprises will differ,
depending on whether processing trade accounts farge proportion of a firm’s
total trade. Precisely, in order to investigateithpact of trade liberalization on firm’s
environmental performance, we take advantage afi@hprocessing trade and WTO
entry. Normal traders face different tariff rate®-pand post-WTO serving as the
treatment group; while processing exporters suljedariff-exempt both pre- and

post-WTO are the control group.

3.2.1 Regression analysis
To the best of our knowledge, this study is amortgst first to focus on the
environmental performance due to China's accessiodVTO as it differentiates
between normal trade and processing trade. Reckmties investigated the
differential productivity effects of trade liberadition on processing trade and normal
trade. For instance, Yu (2015) found that tariffiuetion had a significant positive
effect on the productivity of normal trade entespd, and the higher the share of
processing trade enterprises, the smaller the bdrah tariff reduction. Our main
departure from this line of research is that weausoon the differential environmental
effects of trade liberalization across processirgogers and normal exporters. In
what follows, we will test this hypothesis empitlga

Our focus is on the impact of China's accessiowi® and on the differential
environmental performance of normal trade entegprisand processing trade
enterprises. To tackle potential endogeneity issuesuse China’'s WTO entry in
2001 as a quasi-experiment to perform a DID estonatHere, we take processing
exporters as the control group that enjoys tax#érapt both pre- and post-WTO entry;

while normal exporters saw tariff reductions durithgg same period, forming the
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treatment group. In this way, we can directly eatduthe impact of trade
liberalization on firm’s environmental performancésllowing Liu et al. (2017), our

DID estimation is specified below:

log(502 intensity);;; = a; + vj; + B1Normal; X Post2002, + f,Control;j; + &;; (1)

Wherei indexes enterpriseg,refers to 2-digit industries, ardindexes years.
Normal; equals 1 if an enterprise engages in normal trathesrwise it equals to O.
Post2002; takes 1 for the years 2002 till 2007; otherwis¢éakes 0.Normal; X
Post2002, is the interaction term between th»rmal; and Post2002;.

The estimatorg, is of interest, it captures the average diffeadrthange in S©
emission intensity of normal exporters (due togbkcy shock) relative to the control
group (i.e., processing exporters).Af is significantly negative, then we can infer
that China’s accession to WTO led to a lower, $mnission intensity of normal
exporters. Following usual practice (see e.g., lkbet al., 2018; Liu et al., 2016;
Holladay, 2016; Wang et al., 2018; Kee and Tand62@ontrol;;, represents other
firm-specific control variables, such as total &cproductivity (TFP), employment,
wage ratio and intermediate ratio.

In addition, we take advantage of the nature of pamel data by including
enterprise fixed effectsaf) and industry-time fixed effectsyf) in our baseline
specification. The inclusion of the industry-timedaenterprise fixed effects means
that we control for general macro-economic factbist affect all enterprises over
time in different industries as well as enterpggecific characteristics which are time

invariant (see also Wang et al., 2018), is the usual idiosyncratic error term.

3.2.2 The baseline results
One of the preconditions for a validity of DID esttion is that the treatment group
and the control group meet the same trend hypathbsfore being processed

(Bertrand, 2004). In general, there are two bassumptions that should be satisfied

18



when using the DID model, nameparallel trend assumptigh andno association
between temporary shocltbe stochastic errognd policy dummy variables

DID allows selection to be based on individual ecgeristics, as long as the
characteristics do not change with time; as sushadvantage of using DID is that it
addresses the endogeneity issue due to possildetisa bias”. The result of parallel

pre-trend hypothesis is presented below.

log (SO2 emissions intensity)

A
i

o_.

T ¥ T T T T T
2000 2001 2002 2003 2004 2005 2006 2007
year

== &= = normal exporters =—=®= processing exporters

Figure 1: China’s dual trade regime: processing trade vs. naonal trade
Note: Mean values dbg(SQ emissions intensitysee Table 2 for variable definition.

Before China's accession to the WTO (i.e., bef@@22, the S@emission intensity of
the treatment group and the control group exhib#eelnot statistically different. In
fact, the dynamic regression analysis (given lateFable 8) reveals that, relative to

2000, firms engaged in normal trade did not extslghificantly lower S@ emission

" The DID method does not require that the treatngemtip and the control group are identical, and
there may be some differences between the two grobpt the DID method requires that the
differences are constant, i.e. the treatment gamgbthe control group exhibit the same development

trend before the implementation of the policy (eteenal shock).
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intensity relative to firms engaged in processirgfé in the years before China’s
WTO entry.

However, due to data availability, only two datan® are available before the
policy shock. In this sense, our result is onlygrsiive evidence for a parallel trend
assumption. After China's accession to the WTO,S0g emission intensity of the
treatment group and the control group exhibitededdht dynamics. The DID
specification examines the differential effectsGifina's accession to WTO on the

SO, emission intensity of firms engaging in the twéietient trade modes.

3.2.3 Empirical results based on DID specification
Table 6 showdlifferences in mean value of natural logarithm d,Semission
intensity between treatment (i.e., normal expojteaed control groups (i.e.,

processing exporters) before and after China’s VEmy.

Table 6: Differences in mean value of natural logathm of SO, emission intensity
between treatment (i.e., normal exporters) and condl groups (i.e., processing
exporters) before and after China’s WTO entry

Before After Difference DID

Control Treated | Control Treated | (5)=(2)-(1)| (6)=(4)-(3)| (7)=(6)-(5)
1) (2) 3) (4)

Whole 0.278 0.442 0.215 0.327|  0.165%f 0.113** | -0.052*
Sample (0.025) | (0.012) | (0.028)

Note: Before refers to the period before Chinateasion to the WTO; After refers to the periodrafte
China's accession to the WTO; Control refers toc@ssing exporters; Treated refers to normal
exporters; Difference refers to the difference afam value of natural logarithm of $@mission
intensity between normal exporters and processimpréers after China's accession to the WTO
compared with the difference between the 8Mission intensity before China's accession toNMA©.
Standard errors in parentheses. All of the valodke last row are logarithms of g@mission intensity.
"p<0.1,” p<0.05~ p<0.01.

There are three general observations: first, psiegsexporters have lower $0
emission intensity in the whole study period (a nmi@vidence supporting the
differential treatment for processing trade andnmadrtrade in studies using macro
framework, e.g. Dietzenbacher et al., 2012); sectrudh types of exporters saw

emission intensity decline after China’s WTO ertiryline with the general trend of
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China’s SQ emission intensity declining, from 1.12t/mRMB in0D to
0.506t/mRMB in 2007 in all industries); third, nahrexporters were affected more
than processing exporters (echoing previous studresther outcome variables such
as TFP, see e.g. Yu, 2015). In particular, it isesbed that China’'s WTO entry
contributed to less SGemission intensity for normal traders (statisticaignificant

at the level of 10%, see column (7)).

Table 7: DID empirical results
Log (SO, emission intensity) Q) (2) 3) 4) (5)
Normal; x Post2002,  -0.055** -0.066**  -0.055**  -0.048*  -0.062**
(0.028)  (0.028)  (0.027)  (0.027)  (0.027)

TFP(ACF),j¢ -0.227**  -0.316*** -0.179** -0.323***
(0.039) (0.071) (0.037) (0.073)
Log (employment); j; -0.075*** -0.100***
(0.029) (0.030)
Log (intermediate ratio); ;; -0.096* -0.092***
(0.051) (0.051)
Log (wage ratio);; 0.066***  0.072***
(0.013) (0.013)
Constant 0.008 0.481** 0.082 0.439***  1.046***
(0.143)  (0.203) (0.143) (0.160) (0.239)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
n 13,641 13,641 13,641 13,641 13,641
R? 0.0006 0.0002 0.0002 0.0013 0.0013

Note: Standard errors in parentheses, clusterfdrakevel if not otherwise statedp < 0.1,” p < 0.05,
™ p < 0.01. Individual fixed effect is to exclude timfluence of other unobservable factors that do not
change with the enterprise; time fixed effect isctmtrol the influence of other unobservable fagtor
that do not change with the time, so as to exchieinfluence of other policy factors as much as
possible; industry fixed effect is to control th&liience of other unobservable factors that do not
change with the industry.The fixed effects are included to control for pdign omitted
industry-year-specific variablesWe control for general macro-economic factors th#ect all
enterprises over time in different industries adl a® enterprise-specific characteristics whichtare

invariant. Industry-year fixed includes 210 diffeteategories.

In order to partial out the effects of covariat€able 7 highlights the results of DID
estimation of relative S£emission intensity change of normal exportersr&tana'’s

WTO entry, where fixed effects for firms and indysyear are always included. It is
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found that the coefficient dWormal; X Post2002, is negative and statistically
significant®

We start with the specification with only the irgetion term included (column
(1)), the coefficient -0.055 means that compareith Wie processing exporters that are
not directly affected by the WTO entry, $@&mission intensity of normal exporters
were reduced by 5.39 percent after China's acaessioVTO? This difference is
also economically significant (noting that, durithg same period, the annual average
SO, emission intensity in China’s manufacturing sedeclined by 10.7 percent from
2000 till 2007).

Next, acknowledging the important role of produityivemployment, wage ratio
and intermediate input ratio (see e.g., Forslidlgt2018; Liu et al., 2016; Holladay,
2016; Wang et al., 2018; Kee and Tang, 2016), tlwesdrol variables were each
included in the regression. The results still h@de column (2)-(5)). Column (5) is
our preferred estimation. As expected, firms witlghlker productivity, larger
employment and larger intermediate input ratio sagecline in the emission intensity.
Whereas, firms with higher wage ratio saw a risthénemission intensity.

Essentially, in column (5) we have excluded potdrtonfounding explanations
stemming from scale (where we controlled for empiewt), technology (we
controlled for TFP), outsourcing (intermediate ihpatio), as well as wage ratio and
c.p.the WTO entry contributed to an extra 6% declih&0, emission intensity for
normal exporting firms? The conclusion can be drawn with relative confiethat,
compared with the processing exporters that aredirettly affected by the trade

shock (i.e., China’'s WTO entry), $@mission intensity of normal exporters saw a

8 By adopting an alternative method to delineatdenmodes (e.qg., Lu et al., 2015), we also fountl tha
China's accession to the WTO contributed to stediby significant negative impact on the SO
emission intensity of normal exporters. These éolthl results are available upon request to the
authors.

° Following Halvorsen and Palmquist (1980) and Kennét81), 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

19 We also run all the regressions with TFP estimatsidg OLS and OP methods, the results are
essentially the same. In addition, taking advantaigthe fact that there is information for the ®ad
mode at firm level, we have re-run the estimatigti wlustering enterprises at the level of tradedeno
The results are comparable, and for the sake ofithrare omitted from the text but available upon
request.
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reduction by as much as 6% (see column (5)) ditetrade shock.

This result is in line with studies for developecbeomies (e.g. the US, see
Cherniwchan, 2017); however, the underlying medranis different. Cherniwchan
(2017) attributes the clean-up of US firms exposeate to the trade shocks via
substitution of inputs by Mexican imported matesjabhile in our case, the declining
of SO, emission intensity is mainly due to technology awement (for more details
see the following section). It is worth noting thadditional results (see Appendix A7)
indicate that only in pollution-intensive manufagtuindustries samples, China’s
WTO entry contributed to less $@mission intensity for normal traders, which is
different from the findings in Forslid et al. (2018

Further, the pre-2002 trend indicates whether enwmrental performance of
normal exporters followed the same trend beforen&&8IWTO entry. To investigate

this issue, we estimate a more flexible versiolofahg Che and Zhang (2017).

log(S0, intensity);jy = a; +¥jc + 2129600 Bt X Normal; X yr, + @Control;j, + &;; (2)

Table 8 reports estimates on the interactions hetweormal exporters and year
dummies for equation (2), where we examine the ngmof normal exporters’
environmental performance to China's WTO entry. HEimsence of a pre-existing
trend indicates that the relative changes post-200iRely due to the China's WTO
entry. Estimates on the interactions for 2001 ap# statistically significant,
suggesting that relative to 2000, firms engagedhanmal trade did not exhibit
significantly lower SQ@ emission intensity relative to firms engaged imgassing
trade in the years before China’s WTO entry.

Whereas in the years after 2002, the estimatesheninteractions between
normal exporters and year dummies are statistisajyificant. This finding supports
our identification assumption that there is no eysitic difference in SOemission
intensity before the China’s WTO entry, i.e. iuiglikely that there would have been a

post-2002 environmental performance difference weret for the China’s WTO

™ In fact, they divide the sample into energy-inteesaind non-energy-intensive industries, but found
no effects in energy-intensive industries.
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entry shock.

Table 8: Dynamic effects of China’s WTO entry on nanal exporters

environmental performance

Log (SO, emission intensity) (1) 2) 3) (4) (5)
Normal; x 2001 -0.071 -0.065 -0.059 -0.057 -0.062
(0.046) (0.047) (0.046) (0.047) (0.049)
Normal; x 2002 -0.092**  -0.099** -0.086* -0.082* -0.095**
(0.043) (0.045) (0.043) (0.043) (0.046)
Normal; x 2003 -0.118*  -0.122**  -0.111**  -0.104**  -0.121**
(0.043) (0.047) (0.045) (0.043) (0.047)
Normal; X 2004 -0.127**  -0.136** -0.117*** -0.108*** -0.128***
(0.040) (0.041) (0.039) (0.039) (0.041)
Normal; x 2005 -0.080* -0.091* -0.069 -0.055 -0.079
(0.047) (0.049) (0.046) (0.046) (0.050)
Normal; X 2006 -0.093*  -0.106** -0.082* -0.062 -0.090*
(0.045) (0.048) (0.045) (0.044) (0.049)
Normal; x 2007 -0.168***  -0.195*** -0.158***  -0.152** -0.196***
(0.052) (0.054) (0.053) (0.056) (0.057)
TFP(ACF), -0.226***  -0.315** -0.178** -0.321***
(0.053) (0.088) (0.046) (0.099)
Log (employment); j; -0.076** -0.100***
(0.032) (0.036)
Log (intermediate ratio);;, -0.096* -0.092
(0.054) (0.054)
Log (wage ratio);; 0.067**  0.072***
(0.018) (0.020)
Constant 0.053 0.524** 0.118 0.474*  1.087**
(0.078) (0.218) (0.079) (0.115) (0.311)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
n 13,641 13,641 13,641 13,641 13,641
R? 0.0008 0.0003 0.0001 0.0011 0.0010

Note: Standard errors in parentheses.< 0.1,” p < 0.05,”" p < 0.01. Individual fixed effect is to

exclude the influence of other unobservable factioas do not change with the enterprise; time fixed

effect is to control the influence of other unolysdale factors that do not change with the timeasto

exclude the influence of other policy factors axmas possible; industry fixed effect is to contiud

influence of other unobservable factors that do elwnge with the industryThe fixed effects are

included to control for potential omitted industrgar-specific variablesWe control for general

macro-economic factors that affect all enterprisa®r time in different industries as well as

enterprise-specific characteristics which are timariant. Industry-year fixed includes 210 diffete

categories.
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4. Mechanism test

This section proposes a potential mechanism reggrdiny normal exporters saw
lower emission intensity after China’s entry intolf'@. Our point of departure is the
Melitz (2003) model with heterogeneous firms. Camfding policies are then

identified and discussed. Lastly, we present dn&urtmechanism test.

4.1 Productivity channel

Previous studies have confirmed that China's amress the WTO has significant

impact on enterprises engaged in normal tradentneasing the total export volume
and mark-up (Brandt et al., 2017) and productiyity, 2015). An additional robust

empirical finding is that processing exporters #&ees productive than normal

exporters, and have inferior performance in maingoaspects such as profitability,
wage, R&D and skill intensity (Dai et al.,, 2016)ivén reasonable conditions,
production volumes increase with firm productivipd, as a consequence, firms’
emission intensity is negatively related to firnoguctivity (Forslid et al., 2018). In

addition, trade openness increases local competitimplying that the least

productive, and usually also the most pollutingng are forced to close down (or are
forced to scale down their production volume), ttagsng market shar@he Forslid

et al. (2018) model has the property that i) ma@dpctive firms are cleaner since
they find it profitable to make larger fixed invesnts in clean technology; ii)

exporters are cleaner for a given productivity legece exporting implies a larger
scale of production which motivates a larger fixeestment in clean technology.

In this section, we show that these propertiedaagely consistent with Chinese
manufacturing survey data. As stated, the datasgams rich information at the firm
level for a large number of variables relating t@duction. In line with previous
sections, the firms’ productivity is measured byPTRnd is calculated based on
Ackerberg et al. (2015).

Table 9 shows how firm-level SOemissions per unit of output vary with

productivity and with being a normal exporter. T@a@unt for sectoral differences in
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emissions, we include industry dummies (two-digdustries for 28 categories); and
the year dummies are included to control for tineads. In addition, we also include
firm-level fixed effects (see also Wang et al., 201

Column (1) only includes the interaction term, whis interpreted as follows: for
normal exporters (compared with processing expsktehigher productivity
contributes to greater reduction of S@mission intensity. It is suggestive that our
proposed mechanism that China’s WTO entry contedid normal exporting firms’
productivity (confirming previous findings, see e.yu, 2015), and higher
productivity resulting in the observed lower enossintensity. Next, we explicitly
add different control variables in the regressiarg] the result remains significantly
negative’’ Overall, we show that more productive normal etgrsrare cleaner (with

lower SQ emission per unit of output).

Table 9: Empirical results, clustered at industry and year

Log (SO, emission intensity) (2) 2) 3) (4) (5)
Normal; X TFPj; -0.205*%**  -0.229**  -0.290*** -0.184*** -0.286***
(0.038)  (0.040)  (0.056)  (0.037)  (0.058)
Log (employment); j; -0.071*** -0.093***
(0.022) (0.023)
Log (intermediate ratio) -0.071** -0.061**
(0.029) (0.027)
Log (wage ratio) 0.067***  0.075***
(0.011) (0.012)
Constant 0.043 0.431* 0.065 0.428**  1.000***
(0.122)  (0.177)  (0.122)  (0.135)  (0.222)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
Cluster Industry & Year
N 13,641 13,641 13,641 13,641 13,641
R? 0.0000 0.0003 0.0000 0.0011 0.0007

Note: Standard errors in parentheses.< 0.1,” p < 0.05,”" p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factioas do not change with the enterprise; time fixed

12 Similar results are found when errors are clustatetie sector and trade mode level (available upon
request). Further, in the Appendix, we extend thedyasis to i) conduct falsification test via delibgely
incorrectly define hybrid exporters as normal ceuparts (Table A2); ii) align the analysis takimgoi
account the environmental policy regarding pollntiotensive versus non-pollution-intensive firms
(Table A4); and iii) examine potential heterogereeffects across regions and firm ownership (Table

A5) as well as ruling out trade intermediaries (€a%6).
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effect is to control the influence of other unolysdale factors that do not change with the timeasto
exclude the influence of other policy factors asmas possible; industry fixed effect is to contiud
influence of other unobservable factors that do el@nge with the industryThe fixed effects are
included to control for potential omitted indusygar-specific variables. We control for general
macro-economic factors that affect all enterprisa®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 210 diffete
categories.

4.2 Ruling out confounding policies
If other policies issued before and after Chinatseasion to the WTO that may have
different impacts on our treatment and control gyuthen the effect of these policy
reforms may also be reflected in the estimatesIbf D

In that case, the regression result from Eq. (1) mot be the pure effect of
China’s accession to WTO. In fact, two importarforeas have taken place at the
beginning of the 2000s: the reform of state-ownedemprises (SOEs) and the
relaxation of regulations on the entry of foreignvésted enterprises (FIES).
However, in order to control the possible confomgdeffects of these two policy

reforms, we add two additional control variable®ur DID estimation following Liu

et al. (2016):SOEratioj; (the ratio of SOEs number to the total domestimdi

number) andLog (FIE number);; (the logarithm of the number of foreign invested

enterprises).

The results of Table 10 show that China's accestothe WTO still has a
significantly negative impact on the $@missions intensity. Our main conclusion is
still present. Firms in industries with a higheashof state-owned enterprises often
have lower S@ emissions intensity (not statistically significgntvhich may be
because state-owned enterprises have a major ®bpioyn for environmental

protection and should maintain their reputationweweer, an increasing share of

3 These reforms were on-going reforms that hadestairt the 1980s and 1990s, respectively, and
accelerated after the WTO accession. The SOE refasulted in a large-scale privatization,
close-down of small SOEs, and an improvement ineffieiency of surviving (large) SOEs. The new
FDI regulations relaxed the entry requirementsdoeign investors and reduced the range of indesstri
restricted to foreign investment. These reforms matyhave differentiated effects on the treatmeut a
control groups.
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foreign firms ha<.p.no effect on the emissions intensity.

Table 10: Ruling out confounding policies
Log (SO, emission intensity) () )
Normal; X Post2002, -0.037**  -0.038**
(0.002)  (0.001)

TFP(ACF), ¢ -0.319*  -0.319*
(0.034) (0.032)
Log (employment); ;; -0.095*  -0.096*

(0.013) (0.013)
Log (intermediate ratio); ;; -0.087 -0.086
(0.027) (0.026)

Log (wage ratio); ;; 0.076**  0.076**
(0.005) (0.006)

SOE ratioj, -0.209
(0.039)

Log (FIE number);; -0.002
(0.012)
Constant 1.319*  1.414%**
(0.096)  (0.008)

Year fixed Yes Yes

Firm fixed Yes Yes
n 13,641 13,641
R? 0.0205 0.0220

Note: Standard errors in parentheses.< 0.1,” p < 0.05,” p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factibas do not change with the enterprise; time fixed
effect is to control the influence of other unolvsdrie factors that do not change with the timeasto
exclude the influence of other policy factors acas possible.

4.3 Further mechanism check
To further investigate the impact of the produdyivchange of normal exporters on

their environmental performance after China's asioasto WTO, we have generated

a triple interaction termVormal; X Post2002, X TFP;;; added to Eqg. (1), to

examine whether there is a differential effect thateases with TFP.
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Table 11: Empirical results, clustered at industryand year
Log (SO, emission intensity) 1) (2) (3) 4)
Normal; X Post2002, X TFPy, -0.144%* -0.143%* -0.117** -0.122%**

(0.032)  (0.040)  (0.031)  (0.040)

Normal; X Post2002, -0.010 -0.001 -0.004 -0.013
(0.030)  (0.031)  (0.031)  (0.032)
Log (employment); ;; -0.065*** -0.084*+*
(0.021) (0.022)
Log (intermediate ratio) -0.009 0.006
(0.017) (0.017)
Log (wage ratio) 0.069**  0.079***
(0.011) (0.013)
Constant 0.365 0.010 0.409**  0.931***
(0.177) (0.127) (0.138) (0.215)
Industry fixed * Year fixed Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes
n 13,641 13,641 13,641 13,641
R? 0.0006 0.0001 0.0008 0.0003

Note: Standard errors in parentheses.< 0.1,” p < 0.05,” p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factibas do not change with the enterprise; time fixed
effect is to control the influence of other unolvsdrie factors that do not change with the timeasto
exclude the influence of other policy factors aschnas possible; industry fixed effect is to contra
influence of other unobservable factors that do e¢l@nge with the industryThe fixed effects are
included to control for potential omitted indusygar-specific variables. We control for general
macro-economic factors that affect all enterpriga®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 210 diffete
categories.

Table 11 presents estimates of the effects of GhiWd O entry on normal exporters’
environmental performance when their productivitgrease. The results suggest that
China’s WTO entry contributed to less S@mission intensity for normal exporters,
especially those enterprises with high productivitgese results are consistent with

our previous mechanism test (i.e., Table 9).

5. Concluding remarks
This paper contributes to a long-standing debaés the environmental consequences
of trade liberalization. To date, research has aniy focused on the relationship

between trade and aggregate pollution levels. Whéee studies find that trade is not
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necessarily bad for the environment, they oftereapto the unobserved responses of
individual polluters to explain the mechanisms uhdeg their findings. Yet, there
has been little evidence of how trade liberalizatiaffects the pollution from
individual manufacturing plants especially in deyghg countries.

This paper provides additional evidence and extdhdsliterature in several
dimensions: First, we merged three rich firm-leglatasets for China, which adds to
the empirical evidence for China, one of the maspartant countries in the
environment-trade debate; second, we examinedhtpadt of trade liberalization on
China’'s manufacturing firms’ environmental perfonoas with this unique dataset at
the plant level, thereby taking advantage of Clsirhial trade regime (processivgy
normal trade) and China’s WTO entry in 2001 by gsenDID estimation strategy.
Third, we investigated why normal exporters saw dovemission intensity after
China’s entry into WTO pointing at the role of puative firms, echoing the channel
proposed in Melitz (2003).

Our results suggest that WTO entry played an ingportole in the observed
clean-up of the Chinese normal exporters in theufaturing sector. We find that
trade liberalization following China’s accessiontoinWTO decreased emission
intensity of sulfur dioxide from affected plantsltdgether, our estimates suggest that,
compared with the processing exporters that aredimettly affected by the WTO
entry, SQ emission intensity of normal exporters were redumg roughly 6% due to
the trade shock. In short, China’'s WTO entry ctntiéd to less SOemission
intensity for normal traders, which is in line witfrevious evidence reported for
developed economies.

We also discuss one important mechanism that explthie observed pattern,
which is the productivity channel (motivated by Mgl2003 and Forslid et al., 2018).
Indeed, our results show that more productive nbrmaorters are cleaner (have
lower SQ emissions per output) following China's accessmmhe WTO; and this
effect is more pronounced for emission-intensivedustries. Future research may

focus on the explanatory power of the identifiedruhel.
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Appendix

Al. Matching and merging the datasets

Following previous research for matching and meydthina’s micro data, we first
match the ASIP and the CESD. The matching and mgngiocess is roughly divided
into two main steps (see Pei et al., 2019 for ateel discussion regarding the year
2007).

Step 1: First, the ASIP and CESD databases arehethtfor the same year
according to enterprise name (note, duplicatioronds are dealt with beforehand).
Second given the fact that the CESD also discltiseshame an enterprise used in
previous years, the enterprise name in the ren@iABIP data sample that were not
matched in the previous step are matched with ¢éneaiming sample of CESD by
using the previously used name. Successfully mdtohservations are supplemented
in the original matched sample.

Step 2: Some enterprises have the same name ASifedatabase, however the
corporate code, administrative division code, tetee number, postal code and other
enterprise information may be different. Therefdtgrd, samples which have the
same enterprise name but different other informatiere screened. Likewise, there
are samples with the same enterprise name butehffenterprise information in the
CESD. Based on this observation, we use the coribmaf enterprise name and
administration code to generate a new combinatianakle, and then match the
corresponding combination variable in the environtak statistics. Fourth, the
remaining ASIP database sample without being mdtchethe previous steps are
matched again using the combination variable géegraoy the name and
administration code with the environmental statsstlatabase. Successfully matched
observations are also supplemented to samplesopidyiobtained. Now we have the
final merged sample with both production informaticand environmental
performance indicators.

However, challenges remain when matching and megrghe aforementioned
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dataset with customs data. One typical issue ISAB#P data and customs data have
their own company identification numbers, and the tatasets belong to different

authorities. Consequently, one cannot merge thatbdses directly using enterprise
code. Following Yu and Tian (2012), we merge the tlatabases in two steps. First,
we merge companies with the same company namedfdr year); second, we then
also merge companies with the same postal cod¢hansame last seven digits of the
phone number. It is worth noting that, during thatching and merging process,

companies with invalid postal codes and phone nusnwere excluded, i.e. 1) postal

code or phone number is lost; 2) postal code ialidye.g., postal code value is less
than 100000); and 3) phone number is invalid (tisatthe number is less than

1000000).

Finally, our dataset is an unbalanced panel fror@02tb 2007 with 13,641
observations (plus 10,412 observations for hybirths; and for identification
consideration, the 13,641 observations of pure gesiog and normal exporters are
used in subsequent analysis, if not otherwise dtal® get a sense of the dataset, we
present three sets of information, namely the feegy distribution of survival years
and corresponding number of enterprises (given ablel Ala), the fraction of
observations matched to previous year’s firms (&gd#e Alb), and the dynamics of
the firms (see Table Alc).

According to the statistics, there are 7,822 (r&p04) enterprises included in
the unbalanced panel (resp. hybrid firms) in theogleof 2000-2007.
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Table Ala: Survival years and the number of firms

Survival Years Number of enterprises (pure  Number of enterprises (Hybrid)
normal & processing exporters)

1 4,543 3,974

2 1,776 965

3 880 513

4 344 275

5 170 135

6 83 84

7 26 44

8 0 14

Total 7,822 6,004

Observations 13,641 10,142

Source: Authors’ own calculation based on the medatataset.

Further, unique firms’ IDs enable us to link firroser time!* In our context, it is
important to be able to link subsequent observatminthe same firm even when the
firm ID changed. In this way, it is possible to enstand the dynamics of entry and
exit of firms. Table Alb reports the percentagdirofis that are matched each year on
the basis of firm ID and those matched using ott@rmation. The total proportion

of successfully matched enterprises, for exampl€0i00-2001 is 27.28%, and 25.49%

in 2006-2007. Overalthe proportion of matched firms is rather stablerdime.

4 Firms occasionally receive a new ID if they endeurrestructuring, merger and/or acquisition.
Following Brandt et al. (2012), we linked and atsacked firms as their boundaries or ownership
structure changed, where possible, using informagicch as firm name, industry, phone number, post,
etc. Many incumbents were restructured or privatized we want to make sure not to lump these with
exiting firms or classify them ate novoentrants under their new firm ID.
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Table Alb: Fraction of observations matched to premus year’s firms

Year Total Matched by firm ID  Match by other information
Total percent(%)
number
(%) (%)
2001 1,477 399/1477=27.01 4/1477=0.27 403/1477827.2
2002 1,515 610/1515=40.26 4/1515=0.26 614/1515240.5
2003 1,645 652/1645=39.64 1/1645=0.061 653/1645639.
2004 2,301 616/2301=26.77 3/2301=0.13 619/2301=26.9
2005 2,173 1002/2173=46.11 3/2173=0.14 1005/217:2546
2006 2,542 1026/2542=40.36 2/2542=0.079 1028/253239
2007 816 203/816=24.88 5/816=0.61 208/816=25.49

Source: Authors’ own calculation based on the medatataset.

Finally, Table Alc shows the dynamics of firms iar anbalanced panel, and

provides the frequency distribution of the yearssofvival and the corresponding

number of enterprises. For instance, from 2000 @012 the total number of

enterprises increased from 1,172 to 1,477, witletal increase of 305 enterprises.

Compared with 2000, the total number of new entrant2001 was 1,074, while

during the same period 863 enterprises exit market.

Table Alc: The dynamics of firms

Effective Final Initial
number of
enterprises
Year Total Survival Exit Incumbent Entry
Number
2000 1,172 403 769
2001 1,477 614 863 403 1,074
2002 1,515 653 862 614 901
2003 1,645 619 1,026 653 992
2004 2,301 1005 1,296 619 1,682
2005 2,173 1028 1,145 1,005 1,168
2006 2,542 208 2,334 1,028 1,514
2007 816 208 608

Source: Authors’ own calculation based on the neddatataset.
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Robustness check 1: Replacing normal trade with hyid trade

As explained previously, there are enterprises @agian both normal trade and
processing trade, and we termed these enterprsséylaid firms. In theory, if we
have a ranking for the firms that are directly efiéel by trade shocks, it is reasonable
to consider that the normal exporting firms woukl the most affected by China's
accession to the WTO, and the processing expowersd be the least, while the

hybrid firms lie in between (i.e., ambiguous origmsficant effects are expected).

Table A2: DID Results: falsification test

Log (SO, emission intensity) Q) (2) 3) (4) (5)
hybrid; x Post2002, -0.011  -0.012 -0.011 -0.010 -0.010
(0.014) (0.014) (0.014) (0.014) (0.014)
TFP(ACF), -0.079*  -0.213**  -0.055* -0.225***
(0.031) (0.064) (0.030) (0.068)
Log (employment); j; -0.033*** -0.049***
(0.012) (0.013)
Log (intermediate ratio);;, -0.121%** -0.125***
(0.044) (0.046)
Log (wage ratio);; 0.036***  0.035***
(0.011) (0.011)
Constant 0.322  0.556* 0.366*  0.513**  (0.810***
(0.200)  (0.229) (0.202) (0.187) (0.195)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
N 11,908 11,908 11,908 11,908 11,908
R? 0.0021 0.0033 0.0041 0.0034 0.0055

Note: Standard errors in parentheses.< 0.1,” p < 0.05,”" p < 0.01.Individual fixed effect is to
exclude the influence of other unobservable factioas do not change with the enterprise; time fixed
effect is to control the influence of other unolysdale factors that do not change with the timeasto
exclude the influence of other policy factors asmas possible; industry fixed effect is to contiud
influence of other unobservable factors that do etwnge with the industryfhe fixed effects are
included to control for potential omitted indusygar-specific variables. We control for general
macro-economic factors that affect all enterprisa®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 204 diffete

categories.

Empirically, we deliberately replace the normal esters using the hybrid firms and

re-run the regression (similar to a falsificatiest). The results are shown in Table A2.
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We observe that China's accession to the WTO alstibuted to lower S©emission

intensity for hybrid firms, however, the resulinist statistically significant.

Robustness check 2: pollution intensity

According to theFirst National Pollution Source Census Prograssued by the State

Council, we divide the manufacturing industry imgollution-intensive industry and

non-pollution-intensive industry. The pollutionemsive industries include the key
pollution industries and key monitoring industrigdjile the non-pollution-intensive

industry includes all other industries (State Ca2607, see Table A3).

To allow for variation between the pollution-interes industries and
non-pollution-intensive industries, we re-estimatpiation (1) in Section 3.2 of the
paper by splitting the sample into pollution-intees industries and
non-pollution-intensive industries. The results asported for both groups of

industries in Table A4.
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Table A3: Classification of manufacture industries

Pollution-i

ntensive industries

Heavy Pollution Industries

Key Monitoring Industrie s

Non-pollution-intensve 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 of non-metalli

mineral products (31)

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

wood, bamboo, rattan products (20)

manufacture of generplrpose
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

C manufacture of metal products (34)

manufacture and processingnanufacture of medicines (27)

of ferrous metal (32)

manufacture and processingnanufacture of chemical fiber (28)

of non-ferrous metals (33)

g manufacture of furniture (21)

manufacture of articles for culture,
education and sport act (24)

manufacture of plastic (30)

5€

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)

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 A4: Effects of export status in pollution-inensivevs. non-pollution
intensive manufacture industries
Part A: Pollution intensive manufacture industries

Log (SO, emission intensity) Q) 2) 3) 4) (5)
Normal; x Post2002, -0.064*  -0.075*  -0.072**  -0.059* -0.065*
(0.031) (0.032) (0.032) (0.034) (0.035)
TFP(ACF);; -0.294***  -0.458*** -0.242***  -0.474***
(0.055) (0.090) (0.052) (0.099)
Log (employment); ;; -0.086** -0.121%+*
(0.036) (0.035)
Log (intermediate ratio); ;; -0.168** -0.166**
(0.075) (0.070)
Log (wage ratio);; 0.077**  0.083***
(0.021) (0.022)
Constant 0.250***  0.786***  0.359***  0.749**  1.456***
(0.062) (0.229) (0.057) (0.106) (0.300)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
N 9455 9455 9455 9455 9455
R? 0.0030 0.0029 0.0125 0.0172 0.0100

Note: Standard errors in parentheses.< 0.1,” p < 0.05,” p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factibas do not change with the enterprise; time fixed
effect is to control the influence of other unolvsdrie factors that do not change with the timeasto
exclude the influence of other policy factors aschnas possible; industry fixed effect is to contra
influence of other unobservable factors that do el@nge with the industryThe fixed effects are
included to control for potential omitted indusirgar-specific variablesWe control for general
macro-economic factors that affect all enterpriga®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 121 diffete
categories.

42



Part B: Non-pollution intensive manufacture industries

Log (SO, emission intensity) Q) (2) ) 4) (5)
Normal; X Post2002, -0.027  -0.028 -0.026 -0.025  -0.029
(0.019) (0.020) (0.020)  (0.020) (0.020)
TFP(ACF); ¢ -0.022 -0.010 -0.006 0.010
(0.033) (0.046) (0.036) (0.049)
Log (employment); ;; -0.007 -0.013
(0.020) (0.021)
Log (intermediate ratio); ;; 0.007 0.016
(0.014) (0.013)
Log (wage ratio);; 0.033***  0.035
(0.009) (0.010)
Constant 0.145**  0.195 0.143** 0.244** (0.333*
(0.018) (0.132) (0.018) (0.034) (0.154)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
N 4186 4186 4186 4186 4186
R? 0.0023 0.0029 0.0024 0.0083 0.0095

Note: Standard errors in parentheses.< 0.1,” p < 0.05,” p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factibas do not change with the enterprise; time fixed
effect is to control the influence of other unolvsdrie factors that do not change with the timeasto
exclude the influence of other policy factors aschnas possible; industry fixed effect is to contra
influence of other unobservable factors that do el@nge with the industryThe fixed effects are
included to control for potential omitted indusirgar-specific variablesWe control for general
macro-economic factors that affect all enterpriga®r time in different industries as well as
enterprise-specific characteristics which are timeariant. Industry-year fixed includes 91 diffeten

categories.

The results indicate that only in pollution-intaresimanufacture industries samples,
China’s WTO entry contributed to less S@mission intensity for normal traders,

which is different from the findings in Forslid &t (2018)*°

5 |n fact, they divide the sample into energy-inteesaind non-energy-intensive industries, but found

no effects in energy-intensive industries.
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Robustness check 2: Heterogeneous effects of regabstructure and ownership

Do the effects vary across regions?
There may be reasons to suspect that the effec&himla’s WTO entry on normal

exporters’ environmental performance vary acroggors. Because of the different
level of economic development in different regiotiey have different degrees of
environmental protection, coupled with region-sfieatharacteristics. According to
the classification of the central government, tbdrass codes in our sample can be
divided into four regions: eastern, central, westmnd northeastern. The sub-samples
of the eastern region are larger than those ofr adgons, so we merge the samples
of three regions except the eastern region intosaneple (other regions) for analysis

(see analogous treatment in Wang et al., 2018).

Do the effects vary by ownership?
One important feature of the Chinese economy isdfade owned enterprises (SOES),
other domestic enterprises, Hong Kong, Macao, Tai@#VT) invested enterprises
and foreign invested enterprises (FIEs) may fafferdint incentives and constraints,
which may lead to different responses during Chirgitry to WTO. Ownership may
also affect an enterprise's response to envirorahesgulations. Pargal and Wheeler
(1996) find that the marginal abatement cost akestaned enterprises is higher than
that of private firms. By comparing the environnanperformance of enterprises
with different ownership types, some studies halg® dound that multinational
enterprises are more inclined to have clean tecigyahan other types of enterprises.
Developed countries usually have higher environalestandards than developing
countries, so this is more conducive to the innowatand development of
environment-friendly technologies in developed does (Lanjouw and Mody,
1996).

Therefore, even where standards are relativelkwegeeign-invested enterprises
often adopt newer and cleaner technologies. Domesterprises in many developing

countries do not have enough funds to acquire enwiental technologies to cope
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with new entrants and foreign competition (Christmaand Taylor, 2001).
Multinational corporations usually face greater iemvmental protection pressures.
The institutional pressure of environmental seffulation of multinational
corporations stems from a complex legal environmemtluding supranational
institutional pressure (Kostova and Zaheer, 1999).

Customers and the public may be much less tolevarforeign companies’
misconduct than domestic companies, and in termbaofaining power, foreign
companies may be weaker than domestic companieseflLal., 2014). Companies
with different ownership structures have differdsdrgaining power in enforcing
environmental regulations, such as pollution chargred fines (Wang and Wheeler,
2003). Foreign companies are often the target gifile@ory enforcement as they are
not familiar with the local political background.

In sum, to check whether the effects of China’'s@@ntry on normal exporters’
environmental performance vary across ownershigifferent regions, one reference
is specified (i.e., other domestic firms). The Hssare reported in Table A5.

It is found that in Eastern regions, China’s WTi@rg contributed to lower SO
emissions intensity for normal exporters when thiemprise is state owned enterprise
(statistically significant at 10% level); for foggi invested normal exporters, China’s
WTO entry contributed to higher S@®missions intensity; while for HMT invested
normal exporters, there is no statistical signifima all compared with domestic other
firms. It is noted that, for China’s 1IFive-Year-Plan starting from 2006 till 2010, the
binding SQ reduction targets (nation-wide is 10% lower in @@bmpared with 2005)
for eastern regions (e.g., Shanghai need to re2l6®g are more ambitious than other
regions (e.g., Inner Mongolia for less than 4%is ttould be one of the reasons but
should only play out after 2006. While in other i, China's WTO entry
contributed to higher S{emission intensity for normal exporters, in paitae, when

the enterprise is state owned.
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Table A5: Heterogeneous effects for different ownehip in subsets of eastern
and other regions
Part A: Eastern regions

Log (SO, emission intensity) Q) (2) 3) (4) 5)
Normal; X Post2002, -0.059***  -0.064*** -0.060*** -0.050** -0.058***
(0.020) (0.020) (0.020)  (0.021)  (0.021)
Normal; X Post2002, X SOE -0.046 -0.050 -0.042 -0.048 -0.054
(0.044) (0.045) (0.045) (0.045) (0.047)
Normal; X Post2002, X HMT 0.037 0.035 0.038 0.028 0.029

(0.039)  (0.039)  (0.039)  (0.037)  (0.037)
Normal; x Post2002, x Foreign ~ 0.054*  0.054*  0.053*  0.047*  0.051*
0.022)  (0.023)  (0.022)  (0.021)  (0.022)

TFP(ACF)j¢ -0.187***  -0.285**  -0.153**  -0.272**
(0.062) (0.113) (0.058) (0.122)
Log (employment); ;; -0.040*** -0.065***
(0.014) (0.021)
Log (intermediate ratio); ;; -0.095 -0.082
(0.063) (0.062)
Log (wage ratio); 0.070**  0.073***
(0.014) (0.015)
Constant 0.124*  0.379**  0.189**  0.569***  (0.953***
(0.065) (0.115) (0.069) (0.128) (0.223)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
n 9934 9934 9934 9934 9934
R? 0.0014 0.0052 0.0059 0.0097 0.0149

Note: Standard errors in parentheses.< 0.1,” p < 0.05,” p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factibas do not change with the enterprise; time fixed
effect is to control the influence of other unolvsdrie factors that do not change with the timeasto
exclude the influence of other policy factors aschnas possible; industry fixed effect is to contra
influence of other unobservable factors that do el@nge with the industryThe fixed effects are
included to control for potential omitted indusirgar-specific variablesWe control for general
macro-economic factors that affect all enterprisa®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 210 diffete
categories.
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Part B: Other regions
Log (SO, emission intensity) 1) 2 3) 4) 5)
Normal; x Post2002, 0.127 0.134 0.133 0.141  0.124
(0.174) (0.171) (0.172) (0.174) (0.175)
Normal; X Post2002; X SOE 0.120**  0.111* 0.113*  0.111* 0.111*
(0.049)  (0.048)  (0.050)  (0.051)  (0.049)
Normal; X Post2002; Xx HMT 0.070 0.087 0.061 0.056 0.068
(0.132)  (0.127)  (0.130)  (0.134) (0.134)
Normal; X Post2002, X Foreign 0.104 0.122* 0.097 0.092 0.113
(0.084)  (0.070)  (0.083)  (0.087) (0.078)

TFP(ACF), ¢ -0.266** -0.356*** -0.190* -0.452**

(0.116) (0.108) (0.109)  (0.166)
Log (employment); ;; -0.186 -0.207*
(0.114) (0.116)
Log (intermediate ratio); ;; -0.122** -0.162**
(0.052) (0.062)

Log (wage ratio);, 0.045 0.053

(0.053) (0.053)
Constant 0.534**  1.630**  0.640*** 0.717** 2.075**
(0.154) (0.703) (0.168) (0.284) (0.862)

Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes

n 3707 3707 3707 3707 3707

R? 0.0001 0.0002 0.0006 0.0010 0.0001

Note: Standard errors in parentheses.< 0.1,” p < 0.05,” p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factibas do not change with the enterprise; time fixed
effect is to control the influence of other unolvsdrie factors that do not change with the timeasto
exclude the influence of other policy factors aschnas possible; industry fixed effect is to contra
influence of other unobservable factors that do e¢l@nge with the industryThe fixed effects are
included to control for potential omitted indusirgar-specific variablesWe control for general
macro-economic factors that affect all enterprisa®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 195 diffete

categories.
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Robustness check 3: Delete intermediaries
There are some coordinator-firms, which we caléimtediaries. Intermediaries just

act as "Forwarders" of cross industry productstaeg do not do much production. In
sum, in order to check the impact of China’s WT@\enn pure normal exporters, we
should delete these intermediaries from our sangrld do robustness check.

Following Ahn et al. (2011), we identify the set imtermediary firms based on

Chinese characters that have the English-equivate®aning of “importer” |,

“exportef , and/or “tradind’ in the firm's name. Specifically, we search foir@se
characters that meafitrading’ and “importef’ and “exportef . In ChinesePinyin,
these phrases are’jin chu kod , “jingmad , "maoyl, “kemad and “wai

jing” . So we delete these firms according these Chioeamcters. The results are

reported in Table A6.

Table A6: Delete intermediary firms
Log (SO, emission intensity) Q) (2) 3) 4) (5)
Normal; x Post2002,  -0.055** -0.067**  -0.055*  -0.049*  -0.063*
(0.028)  (0.028)  (0.027)  (0.027)  (0.027)

TFP(ACF),j¢ -0.230**  -0.319** -0.181** -0.325***
(0.039) (0.071) (0.037) (0.073)
Log (employment); j; -0.076*** -0.100***
(0.029) (0.030)
Log (intermediate ratio); ;; -0.097* -0.092*
(0.051) (0.051)
Log (wage ratio);, 0.066***  0.072***
(0.013) (0.013)
Constant 0.010 0.484** 0.084 0.440%**  1.049***
(0.143)  (0.203) (0.143) (0.160) (0.240)
Industry fixed * Year fixed Yes Yes Yes Yes Yes
Firm fixed Yes Yes Yes Yes Yes
n 13,589 13,589 13,589 13,589 13,589
R? 0.0006 0.0002 0.0002 0.0014 0.0013

Note: Standard errors in parentheses.< 0.1,” p < 0.05,”" p < 0.01. Individual fixed effect is to
exclude the influence of other unobservable factioas do not change with the enterprise; time fixed
effect is to control the influence of other unolysdale factors that do not change with the timeasto
exclude the influence of other policy factors asmas possible; industry fixed effect is to contiud
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influence of other unobservable factors that do elwnge with the industryThe fixed effects are
included to control for potential omitted industrgar-specific variablesWe control for general
macro-economic factors that affect all enterprisa®r time in different industries as well as
enterprise-specific characteristics which are timariant. Industry-year fixed includes 210 diffete
categories.
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