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A B S T R A C T

As the world's factory, processing exports comprise a remarkable share of China's total exports. By fully taking
the special characteristics of processing trade into account, this paper comprehensively investigates the un-
balanced distribution of trade-related economic benefits and environmental costs across different regions in the
years of 2007 and 2012. We find a serious regional mismatch between trade-related pollutions and economic
gains, with the coastal region gaining more economically but emitting less, whereas the inland regions gain less
but emit more. We also conclude that trade-related value added and air pollutions would be overestimated
significantly if trade heterogeneity was not correctly captured. Processing exports are cleaner but result in
greater regional inequality in terms of trade-related economic gains and environmental costs, although the
regional inequality induced by processing exports presented a decreasing trend over the period 2007–2012. The
electricity generation sector plays a dominant role in this outcome. Coastal regions should transfer more trade-
related economic gains to help sustainable development in inland regions.

1. Introduction

Since China's reform and opening up policy in 1978, China has at-
tained impressive achievements in both international trade and eco-
nomic development. However, this spectacular economic growth has
not benefited its regions equally. In particular, by virtue of their geo-
graphical advantage, the coastal provinces have actively participated in
global production and benefited greatly from it. The data from the
World Bank show that the Gini coefficient for family income in China
reached 0.42 in 2012, and regional disparities contribute significantly
to China's income inequality (Xie and Zhou, 2014). To support export
production in coastal regions, inland regions have provided substantial
raw materials and generated abundant pollutions (Li et al., 2016).
Ideally, the trade-related economic gains obtained by a region should
be consistent with the environmental costs it suffered. This study ex-
plores the unbalanced distribution of trade-related economic benefits
and air pollution among different regions. This issue is quite important
given China's large regional income disparity and serious environ-
mental problems.

One of the most salient features in China's international trade is the
high share of processing trade. Under this trade regime, enterprises first

import intermediate inputs from abroad free of duty and re-export the
finished products after processing or assembly (Yang et al., 2015). In
2012, processing exports accounted for as much as 42.11% of China's
total merchandise exports. Due to the strong dependence on imported
products, processing exports are characterized by two typical features.
First, processing exports generate much less domestic activities than
ordinary exports. Therefore, a unit of processing exports always induces
less value added and pollutions than a unit of ordinary exports (Chen
et al., 2012; Dietzenbacher et al., 2012; Johnson and Noguera, 2012;
Koopman et al., 2012). Second, the distribution of processing exports is
extremely unbalanced across domestic regions, compared with ordinary
exports. More specifically, firms involved in processing exports are
more concentrated in the coastal provinces, which have a closer linkage
with foreign countries. For instance, in 2012, the coastal provinces
contributed to more than 80% of China's processing exports. The data
from China's customs show that processing exports accounted for 56.9%
of total exports of the south coast (please refer to Appendix A for eight
regions) in 2010, while this proportion was only 9.1% in the northwest
region, which is located in inland China.

Due to China's large share of processing exports, the existing lit-
erature proves that studies failing to separate processing exports from
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other productions will exaggerate the contribution of China's exports to
its economic growth (Pei et al., 2012), overestimate the damage of
international trade to China's environment (Dietzenbacher et al., 2012),
and lead to other biased estimates or misleading conclusions (Johnson
and Noguera, 2012; Koopman et al., 2012). The literature found that
international trade significantly widens regional inequality, especially
in developing countries (Fukuda, 2018; Gill, 2006; Meschi and
Vivarelli, 2009; Zhang and Zhang, 2003). There are numerous studies
on regional mismatches in trade-related pollution and economic bene-
fits (Feng et al., 2013; Li et al., 2016; Mi et al., 2017; Wang et al., 2018;
Zhang et al., 2018; Zhang and Lin, 2018). However, as far as we know,
no study has considered the potential impacts of trade heterogeneity on
this topic. To fill this research gap, this paper remaps the economic
benefits and environmental impacts related to China's exports with a
clear distinction between ordinary and processing exports. Concretely,
we attempt to answer the following two questions. How does trade
heterogeneity impact the estimation of the economic gains and en-
vironmental costs related to trade? Which export regime, processing
exports or ordinary exports, contributes more to China's regional in-
equality in terms of trade-related economic gains and environmental
impacts? In addition, this study also investigates the temporal change in
the unequal exchange of trade-related economic benefits and air pol-
lutions among China's main regions over the period 2007–2012.

This paper is based on studies that emphasize the importance of
separating processing exports in input-output (IO) tables when in-
vestigating the environmental consequence of international trade
(Dietzenbacher et al., 2012; Jiang et al., 2017, 2016, 2015; Su et al.,
2013; Xia et al., 2015). Among them, most of the studies take China as a
homogeneous entity and therefore ignore regional heterogeneity. The
only exemption is Jiang et al.'s (2017) study, which has explored the
contribution of trade heterogeneity to China's regional disparity of
energy intensity in 2007 by using the interregional input-output tables
that separate the production of processing exports. However, Jiang
et al.'s (2017) study focused exclusively on energy, which is very dif-
ferent from emissions. As an important complement to the existing
literature, this paper aims to investigate the economic and environ-
mental effects of exports in 2007 and 2012, by taking full consideration
of regional and trade heterogeneity. Moreover, this paper focuses on
three types of air pollution SO2, NOx, and particulate matter (PM).
Here, PM in China's environmental statistics comprises soot and dust,
which both contain total suspended particulates (TSP), PM10 and PM2.5.
We aggregate air pollution emissions into atmospheric pollutant
equivalents (APE), according to each pollution's environmental and
health impacts.

The paper is organized into four sections. Section 2 describes the
methodology. Section 3 presents the empirical results. Conclusions are
presented in Section 4.

2. Methodology and data

This study adopts a unique interregional input-output table pro-
posed by Duan et al. (2014), which separates the input structure of
processing exports from other ordinary productions (hereafter the
IRIOP table). The general structure of the IRIOP table is shown in
Table 1, which includes n regions, and each region has m sectors.

We start with a description of the main variables. Z represents in-
termediate input matrix, m represents import vector, e represents export
vector, y represents final demand except for exports, v represents value
added vector, x represents output vector, f represents pollution vector.
The superscripts o and p represent ordinary production and processing
exports. The subscripts r and s represent two regions. For example, Zrsop

denotes the deliveries of intermediate products from region r to region s
for processing exports. We could obtain the ordinary inter-regional
input-output table through aggregating over the production types in
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output production and use balance can be written as:

= + +x Zu Yw e (1)

where u= (1,⋯,1)2mn×1 and w= (1,⋯,1)n×1. Zu is row sum of the
2mn by 2mn matrix Z, and Yw is row sum of the n by 1 matrix Y.

=A Z x( ) 1 is the intermediate input coefficient matrix. x indicates the
diagonalization of the gross output vector x. The Leontief inverse ma-
trix is B=(I−A)−1. Eq. (1) can be expressed as:

= + = +x I A Yw e B Yw e( ) ( ) ( )1 (2)

=F f x( ) 1 is the pollution coefficient matrix, =V v x( ) 1 is the
value added coefficient matrix. Then, emissions (ex) and value added
(vx) embodied in total exports are

= +FBe FBeex o p (3)

= +VBe VBevx o p (4)

From the regional perspective, emissions in region r induced by
normal and processing exports of region s are exrso and exrsp, where r,
s= 1, ⋯, n. Similarly, value added in region r induced by normal and
processing exports of region s are vxrso and vxrsp. The disproportion of
trade-related emissions and value added between two different regions
r and s(r≠ s) is represented by an environmental (APE) and economic
(GDP) justice index (ag index) shown below:

= =ag
ex / ex
vx / vx

; h o, prs
h rs

h
r,s rs

h

rs
h

r,s rs
h

(5)

where agrso and agrsp refer to the share of total trade-related pollution
occurred in region r in exchange for the share of total trade-related
economic gains obtained by region r through domestic production
networks to support the ordinary and processing exports in region s.
agrso and agrsp are ratios of two ratios. If agrso and agrsp are greater than
1, region r received relatively greater share of trade-related environ-
mental costs and obtained relatively less share of trade-related eco-
nomic gains, and vice versa. If there is no regional inequality, agrso and
agrsp would be equal to 1.

Besides the IRIOP tables that we used in this paper, there are other
input-output databases providing information on processing trade of
China. For example, Chen et al. (2012) proposed the so-called DPN IO
table of China (or national tripartite IO table), which distinguishes
production for domestic use (D), production of processing exports (P),
and production for domestic use (N) in national IO tables. The OECD
Inter-Country Input-Output (ICIO) database1 also distinguishes pro-
cessing trade for China and Mexico (OECD, 2015). Based on the DPN IO
table and the World Input-Output Database, Chen et al. (2018) con-
struct another version of world input-output table that distinguishes
China's production of processing exports from other production. A

1 Sources: https://www.oecd.org/sti/ind/inter-country-input-output-tables.
htm.
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major advantage of these two databases lies in their detailed informa-
tion on the international economic linkage between different countries.
However, these two databases take China as a homogeneous entity, and
therefore ignore the regional heterogeneity within China. This paper
focuses on the regional inequality induced by exports, rather than tra-
cing the source country and destination country. Therefore, we adopt a
unique interregional input-output table proposed by Duan et al. (2014),
which separates the input structure of processing exports from other
productions for eight regions in China.

Duan et al. (2014) described the compilation process of the IRIOP
table explicitly. There are several data sources including the Chinese
non-competitive interregional IO table compiled by the China State
Information Center (SIC) and the National Bureau of Statistics of China
(NBS); the national tripartite IO table distinguishing the productions for
processing exports, ordinary exports and domestic use, which is com-
piled by the Chinese Academy of Sciences (CAS) and the NBS (Chen
et al., 2012); the international trade statistics by trade regime, com-
modity and 31 provinces provided by China's Customs; and the regional
economic accounts, including value added, final consumption, fixed
capital formation, and inventory change at sectoral. The IRIOP tables
contain 17 sectors (please see Appendix A) and include eight regions:
the northeast region (NE), the northern municipality region (NM), the
north coast (NC), the east coast (EC), the south coast (SC), the central
region (CR), the northwest region (NW), and the southwest region
(SW). The classification of China's eight regions is presented in
Appendix B. The eight regions are divided into coastal (northeast re-
gion, central region, northwest region, and southwest region) and in-
land regions (northern municipality, north coast, east coast, and south
coast).

The air pollution data are obtained from the China Environmental
Statistics database (MEP, 2008; MEP, 2013), which is the most au-
thoritative survey data source on pollutions in China thus far. To obtain
the emissions by region and by sector, to be consistent with the IRIP
table, we first aggregate pollutions at the firm level to the sector level in
the eight regions. Sectoral pollution is further disaggregated into two
parts, which are usually based on the direct energy inputs of ordinary
production and processing exports. The IRIOP table has a relatively
aggregated sector classification, with only 17 sectors and fails to clearly
indicate the energy inputs of different sectors in different regions.
Therefore we distinguish the emissions of processing exports and or-
dinary production by using the national tripartite table. In more detail,
China's General Administration of Customs (CGAC) routinely collects
detailed data on trade, disaggregated by commodity, by trade patterns,
and by types of enterprises. The NBS conduct special input-output
surveys on enterprise manufacturing costs and materials-purchasing
sources. Based on these unpublished data and other data, the CAS
constructs the national tripartite IO table in 2012, which provides the
domestic and foreign direct six-type energy inputs for ordinary and
processing exports. Assuming that ordinary production and production

for processing exports face the same energy price and emission coeffi-
cient, we could split the sector emissions into emissions directly emitted
by ordinary production and by processing exports at the national level.
The results show that direct emissions of the processing exports account
for an extremely small share (0.14% for soot, 0.06% for NOx, and
0.14% for SO2) of the gross emissions. Instead, indirect emissions play a
dominant role in emissions induced by processing exports. It has a
limited impact on the calculation results to differentiate the direct
pollution emissions coefficients of processing exports in eight regions.
Therefore, we assume that emission coefficients across regions are the
same for the same product type within each sector, and further split
sector emissions in eight regions into ordinary production and proces-
sing exports. To comprehensively reflect the environmental cost of
China's exports, this study constructs the APE index by aggregating four
pollutants by their environmental and health impacts. This method has
been adopted by China's Ministry of Environmental Protection (MEP) to
define “pollution equivalent” since 1982 (Yang and Wang, 1998). In
this study, the conversion coefficients for SO2, NOx, soot and dust are
0.95, 0.95, 2.18 and 4, respectively.2

3. Empirical results

Before presenting our empirical results, we first briefly overview the
feature of China's processing exports, which is important to further
understand the empirical results. Processing exports not only occupied
a great share of China's gross exports but also presented a feature of
spatial agglomeration and sectoral concentration (see Appendix C). In
2012, for example, China's processing exports accounted for as much as
39.54% of the gross exports. In particular, the east and south coastal
regions contributed as much as 75.65% of China's total processing ex-
ports. By sector, it is proven that the exports of electronic products
dominate the processing exports, with a share of 58.17% of total pro-
cessing exports in 2012. The regional heterogeneity of the distribution
of processing exports determines that it plays important roles in the
variations in the economic and environmental impacts of exports across
regions.

3.1. Overestimation of the trade-related APE and value added

This section evaluates the effect of trade heterogeneity on the esti-
mation of regional value added and APE embodied in China's exports.
To this end, we first calculate the trade-related economic benefits and
environmental impacts by utilizing the special IRIOP tables. As a
comparison, we also re-calculate the results by using the traditional

Table 1
The structure of China's IRIOP table.

Intermediate input Final use Gross output or imports

Region 1 … Region n Region 1 … Region n Exports

P O P O

Region 1 Processing exports (P) 0 0 … 0 0 0 … 0 ep 1 xp 1

Ordinary production (O) Zop 11 Zoo 11 … Zop 1n Zoo 1n yo 11 … yo 1n eo 1 xo 1

… … … … … … … … … … …
Region n Processing exports (P) 0 0 … 0 0 0 … 0 ep n xp n

Ordinary production (O) Zop n1 Zoo n1 … Zop nn Zoo nn yo n1 … yo nn eo n xo n

Imports mp
1 mo

1 … mp
n mo

n my 1 … my n 0 m
Value added vp 1 vo 1 … vp n vo n

Gross output (xp 1)′ (xo 1)′ … (xp n)′ (xo n)′
Pollutions fp 1 fo 1 … fp n fo n

2 State Development Planning Commission; Ministry of Finance; State
Environmental Protection Administration; State Economic and Trade
Commission, Measures for Levy Standard on Pollutant Discharge Fee. (In
Chinese).
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interregional input-output (IRIO) tables (the structure are presented in
Appendix D) that are obtained by aggregating sectors for ordinary
production and processing exports. The empirical results are presented
in Fig. 1.

Based on the IRIOP table, the APE embodied in China's exports was
11.45million tons in 2007 and 9.04million tons in 2012. Meanwhile,
the value added embodied in China's exports was 6126.70 billion RMB
in 2007 and 9081.20 billion RMB in 2012. In contrast, the results from
the traditional IRIO table show that APE embodied in China's exports
reached 13.33million tons in 2007 and 10.45million tons in 2012.
Meanwhile, trade-related value added from the traditional IRIO table
reached 6837.66 billion RMB in 2007 and 10,052.14 billion RMB in
2012. Zhang et al. (2018) calculated APE and value added embodied in
China's exports in 2012 based on another IRIO table that divided China
into 30 regions. They found that APE and value added embodied in
China's exports in 2012 reached 11.26million tons and 10,506.00 bil-
lion RMB, respectively. The difference may be due to the sectoral and
regional aggregation levels of these two studies.

These figures clearly indicate that trade-related APE would be ser-
iously overestimated by 16.40% in 2007 and 15.58% in 2012 if trade
heterogeneity were not properly taken into account. Instead, trade-re-
lated value added would be overestimated by 11.60% in 2007 and
10.69% in 2012. Clearly, trade heterogeneity will cause a larger bias in
the calculation of trade-related APE. Over time, however, our empirical
results also show that the impact of trade heterogeneity decreased. The
possible reason is the remarkable decreasing share of processing exports
in China's gross exports (Dietzenbacher et al., 2012). However, the
share of processing exports is still sufficiently large to significantly
impact the economic benefits and environmental costs of international

trade.
The overestimation value on regional APE and value added embo-

died in China's exports are presented in Fig. 2, which clearly demon-
strates that the traditional IRIO table will highly overestimate both the
trade-related APE and value added in all regions but to different de-
grees. In particular, the degree of the bias in trade-related APE is up to
23.12% in the south coast region, much larger than that in other re-
gions. The southwest region's trade-related value added is over-
estimated by 17.74%. To be clear, we further group the eight regions
into coastal regions (NM, NC, EC, and SC) and inland regions (NE, CR,
NW, and SW). We observe that the coastal region has a greater gap
between the degree of overestimation on the trade-related environ-
mental impacts and economic gains than the inland region. If trade
heterogeneity were not taken into account, the coastal region's value
added per unit of exported APE would be more significantly under-
estimated. The evaluation of the regional unbalanced distribution of
trade-related environmental costs and economic gains would be biased,
which is mainly due to the different characteristics of ordinary and
processing exports and will be presented in the following section.

3.2. Processing exports are cleaner but contribute more to regional
inequality

This section traces the regional pollutions, measured by APE, and
economic gains, measured by value added, induced by China's ordinary
and processing exports in 2012. The calculation results are presented in
Table 2. Our results indicate a cleaner production of processing exports
than that of ordinary exports. In 2012, processing exports accounted for
39.54% of China's gross exports, but only contributed 23.52% of the
domestic value added generated by the total exports. This result coin-
cides with the existing literature that concludes that less value added is
generated per unit of processing exports than ordinary exports. Our
results further indicate that processing exports also generated fewer
emissions than equivalent ordinary exports in 2012. APE induced by
processing exports makes up only 17.31% of the gross trade-related
APE. Consequently, processing exports correspond to a smaller APE
intensity, measured by the ratio of trade-related APE to trade-related
value added, than ordinary exports. In this respect, processing exports
are cleaner than ordinary exports (Table 2).

Trade-related economic gains and environmental costs are un-
equally distributed among different regions. Coastal regions benefit
most from China's exports in terms of value added. In 2012, the national
exports generated 2571.26 billion RMB value added for the east coast,
which is 28.31% of China's national value added induced by exports.
The south coast follows with a share of 24.38%. Instead, the inland
regions obtain less value added but generate a large share on trade-
related APE. For instance, the northwest region received only 5.43% of
China's exported value added but generated 15.07% of China's exported
APE. Although the central and western regions are net recipients of the
interregional value added spillover induced by exports (Pei et al.,

a) APE embodied in China’s exports in 2007 and 2012 (million tons)

b) Value added embodied in China’s exports in 2007 and 2012 (billion RMB)
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2015), these two regions obtain a smaller share of trade-related eco-
nomic gains than the coastal region. China's resources are mainly lo-
cated in the inland provinces, which generate emissions to support the
production of exported products in coastal regions. A large volume of
the value added induced by exports is obtained by the coastal region.
Inland regions take the responsibility of export-related pollutions but
do not receive proportional benefits.

Further evidence shows that the regional mismatch between trade-
related value added and APE occurs for both ordinary and processing
exports. In more detail, the northern municipalities, east coast, and
south coast correspond to a greater share of trade-related value added
than the share of APE for both ordinary and processing exports. For
instance, the east coast obtained 26.69% of the national value added
induced by ordinary exports in 2012. However, it emitted only 16.42%
of APE generated for the production of ordinary exports. For processing
exports, the east coastal region obtained 33.60% of trade-related value
added in 2012. However, it generated only 21.64% of APE induced by
processing exports.

The above analyses the regional mismatch of trade-related eco-
nomic benefits and environmental impacts from a regional perspective.
This section further provides a more detailed discussion on trade-re-
lated environmental and economic justice (ag index) from the bilateral
perspective (the bilateral flows of value added and APE to support re-
gional exports are presented in Appendices E and F). The calculation
results are presented in Table 3.

Each row describes a certain region's ag index to produce each

region's exports. For instance, Table 3.a shows that the ag index for
supply chains from the northeast region to the northern municipalities
is 1.48, which means that the share of total trade-related pollution
occurring in the northeast region is 1.48 times the share of total trade-
related economic gains obtained by the northeast region through do-
mestic production networks to support the ordinary exports in northern
municipalities. According to Table 3, for both ordinary and processing
exports, the average ags of the northern municipalities, east coastal, and
south coastal regions are smaller than 1, whereas the average ags of the
other five regions are greater than 1. This result indicates that inland
regions emit a relatively greater share of trade-related APE and obtain
fewer share of trade-related value added. To put it differently, the in-
land regions always gain less economically but suffer more emissions
from international trade, compared to the coastal regions. This outcome
can be explained by the lower emission intensity and higher share of
processing exports in coastal provinces, which occupy a large share of
the economic benefits induced by exports.

In the column direction, Table 3 presents the AG index of each re-
gion that is related to a certain region's exports. The results indicate that
inland regions' exports correspond to a greater ag index than that of
coastal regions. For instance, the exports of the northwest region cor-
respond to the greatest average ag index for both ordinary and pro-
cessing exports. Meanwhile, the average ag index of exports of the
northern municipalities and south coast are smaller than 1. This result
means that the exports of these two regions generate a great share of
value added embodied in China's gross exports relative to the share of

Table 2
Regional share of APE and value added induced by China's exports (%).

Exported value added Sum Exported APE Sum

Processing exports Ordinary exports Processing exports Ordinary exports

Northeast 1.42 5.25 6.66 1.53 7.51 9.03
Northern municipalities 1.00 5.26 6.27 0.35 2.30 2.65
North coast 2.48 10.17 12.65 2.92 13.52 16.44
East coast 7.90 20.41 28.31 3.75 13.58 17.32
South coast 6.96 17.41 24.38 1.81 10.78 12.58
Central regions 2.31 8.56 10.87 3.37 13.87 17.24
Northwest 0.80 4.63 5.43 2.43 12.65 15.07
Southwest 0.64 4.79 5.43 1.16 8.48 9.65
Northeast 23.52 76.48 100.00 17.31 82.69 100.00

Table 3
The matrix of the ag index among the eight regions.

Emitter Exporter

NE NM NC EC SC CR NW SW Average

a) Ordinary exports
Northeast 1.33 1.48 1.37 1.27 1.21 1.35 1.25 1.33 1.32
Northern municipalities 0.56 0.36 0.78 0.43 0.54 0.53 0.55 0.61 0.40
North coast 1.18 1.40 1.17 1.57 1.42 1.48 1.34 1.36 1.23
East coast 0.59 0.59 0.55 0.61 0.68 0.66 0.65 0.66 0.62
South coast 0.67 0.76 0.75 0.70 0.56 0.76 0.73 0.64 0.57
Central regions 1.54 2.22 2.08 1.52 1.47 1.40 1.60 1.51 1.50
Northwest 3.00 3.82 2.80 2.27 2.64 2.77 2.43 3.07 2.53
Southwest 1.64 1.96 1.95 1.77 1.71 2.02 1.93 1.57 1.64
Average 1.33 0.69 1.22 0.86 0.74 1.39 2.09 1.53

b) Processing exports
Northeast 1.31 2.17 2.20 2.00 1.86 2.05 1.91 2.24 1.47
Northern municipalities 0.56 0.33 1.31 0.64 0.77 0.65 0.69 0.99 0.47
North coast 2.04 1.93 1.40 2.49 2.16 2.07 2.28 2.53 1.60
East coast 0.84 0.86 0.85 0.63 0.98 0.90 0.87 0.91 0.64
South coast 0.77 0.85 1.05 1.03 0.32 0.94 0.88 1.06 0.35
Central regions 2.24 2.89 3.14 2.42 2.24 1.15 2.36 2.68 1.98
Northwest 4.46 5.23 4.14 3.69 4.12 4.12 5.81 5.51 4.10
Southwest 2.29 2.74 3.04 2.77 2.69 2.84 2.29 1.75 2.46
Average 1.43 0.87 1.55 1.07 0.60 1.25 5.06 1.75
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APE. In other words, the exports of coastal provinces tend to be cleaner
than those of inland provinces. This fact is mainly due to the lower
pollution intensity of these coastal provinces.

A further comparison between Table 3.a and b can underscore the
difference in processing exports and ordinary exports in terms of the ag
index. Clearly, processing exports show a greater ag index than ordinary
exports, which means that processing exports result in a more serious
mismatch of economic benefits and environmental impacts. As pre-
viously mentioned, only a few stages of the production of processing
exports are located in China. These production stages tend to be labour-
intensive because of China's low labour cost. Electricity becomes a
primary intermediate input for the production of processing exports.
Inland provinces are China's most important electricity generation
bases. Inland regions emit a great volume of pollution to produce the
electricity transferred to support the production of processing exports in
coastal provinces. However, they earn little value added because the
revenue from electricity-generation firms is transferred to the corporate
headquarters, which are mainly located in coastal provinces. Therefore,
processing exports may face more serious regional mismatches of trade-
related pollutants and economic benefits.

3.3. The changing trend in regional inequality induced by exports

Over recent years, China has experienced significant changes in
export structure. For instance, processing exports accounted for a
smaller share in the gross exports. Meanwhile, China adopted several
trade-related environmental regulations to restrain pollution-intensive
exports. Then, the question arises: how does the regional inequality
induced by exports change over time? Answering this question has
policy implications for future trade and environmental regulations.

According to Eqs. (3) and (4), we find that China has obtained
greater economic benefits from international trade. Ordinary exports
correspond to a greater growth rate over the period 2007–2012. The
value added embodied in China's ordinary exports has increased from
4449.12 billion RMB to 6945.23 billion RMB (or by 56.10%). Mean-
while, the national value added induced by China's processing exports
has increased from 1677.58 billion RMB to 2135.97 billion RMB (or by
27.32%). More importantly, with the obvious decrease in pollution
intensity, both ordinary and processing exports have become cleaner in
this period. The APE embodied in China's ordinary exports has de-
creased from 9346.32 thousand tons to 7473.57 thousand tons (or by
20.04%). The APE embodied in China's processing exports has de-
creased from 2107.92 thousand tons to 1564.49 thousand tons (or by
25.78%). The pollution intensity of processing exports has decreased
much less than that of ordinary exports. This result may be due to the
dominant role of developed countries in the global value chain. Al-
though China has gradually restricted the processing exports of pollu-
tion-intensive products over the last decades, the developed countries
own a relatively greater controlling power over global production
chains. It is much more difficult for China to change the production
stages for processing exports. This study further discusses the changing
trends of the regional distribution of trade-related value added and
APE. The results are presented in Table 4.

Table 4 shows that the mismatch of trade-related economic benefits
and environmental impacts between coastal and inland regions became
more serious for ordinary exports over time. For ordinary exports, the
share of trade-related value added obtained by inland regions decreased
from 31.20% to 30.36%. In contrast, the share of trade-related APE
emitted by inland regions increased from 50.61% to 51.41%. Ob-
viously, the result indicates that the regional unbalanced distribution of
trade-related value added and APE becomes more serious over the
period 2007–2012. In more detail, the northwest region obtained only
6.77% of the value added but suffered 14.03% of the environmental
impacts induced by ordinary exports in 2007, with an ag index of 2.07.
The ag index of the northwest region even further increased to 2.53 in
2012 because it obtained less (6.05%) value added but suffered a

greater share (15.03%) of emissions from ordinary exports. Moreover,
the ag index values of northern municipalities and the northeast region
also increased obviously over the period 2007–2012. Meanwhile, some
coastal regions, such as the south coastal region, experienced a sharp
decrease (−18.07%) in the ag index. All this evidence proves that the
mismatch of trade-related economic benefits and environmental im-
pacts across regions from ordinary exports become worse over time.

The results also indicate a decreasing trend in the regional un-
balanced distribution of trade-related value added and APE for pro-
cessing exports over the period 2007–2012. The share of value added
embodied in processing exports obtained by inland regions increases
more quickly than the share of APE emitted by inland regions. The
trade-related value added obtained by inland regions increased from
16.71% to 21.99%, and the trade-related APE emitted by inland regions
increased from 46.43% to 49.02%. The ag index for the inland region
decreased from 2.78 to 2.23. With the development of domestic pro-
duction networks, inland regions have more opportunity to be involved
in global value chains. Inland provinces could obtain a relatively
greater share of trade-related value added. The coastal regions, such as
the south coastal, east coastal and northern municipalities, transferred
more trade-related value added to inland regions. From a regional
perspective, the ag index values for the four inland regions all decreased
obviously over the studied period. For instance, the decrease in the ag
index of the southwest region and the central region reached as much as
−31.01% and −28.47%, respectively. These two regions obtained a
greater share of value added embodied in processing exports and
emitted a lesser share of APE induced by processing exports. All of these
findings indicate that the unbalanced distribution of value added and
APE embodied in processing exports becomes less serious.

The trade patterns and pollution intensity in China have changed
significantly in recent years. To see their effect on China's environment
in recent years, we further update the export data and pollution in-
tensity to 2013–2015, and re-calculate the trade-related emissions and
value added gains.

The raw export data come from China's Customs Statistics, which
provides the annual export values from each province. The data are not
only by commodity (at 8-digit level under the Harmonized Commodity
Description and Coding System, i.e. HS for short), but also by trade
regime (e.g., P&A trade, PIM trade, and ordinary trade). The HS 8-digit
data are further aggregated using the NBS concordance table. This
yields the trade data classified by IO 17 sector. It is found that the share
of processing exports in China's gross exports decreased by 16.77% over
the period 2012–2015. From regional perspective, the share of pro-
cessing exports in coastal region's exports decreased obviously. For
instance, the share in the South coastal region had decreased by
22.26%.

The provincial pollution data are obtained from China Statistical
Yearbook. From national perspective, the volume of NOx and SO2 de-
creased obviously over this period, while the volume of soot increased
obviously. We assume that the changes in a region's sectoral carbon
intensity are identical and use the degree of changes in provincial
pollution intensity to estimate the sectoral pollution intensity. Based on
the updated region-sector-specific export flows and the pollution coef-
ficients, we finally investigate the environmental effect of China's ex-
ports for recent years by assuming that the production structure in
IRIOP tables always keeps its 2012 level. The changes in ag index of two
coastal regions and two inland regions are presented in Fig. 3.

The results show that the ag index of the south coast region and the
east coast region had decreased over the period of 2012–2015. On the
contrary, the ag index of the central region and the northeast region had
obviously increased during this period. As a consequence, the mismatch
of trade-related economic benefits and environmental impacts between
coastal and inland regions become more serious during this period. This
condition is mainly due to the change in regional pollution coefficient.
The pollution coefficient of the coastal region decreased much more
obviously than that of the inland region. The coastal regions correspond
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to smaller shares of pollutions induced by exports. China has been
adjusting the export structure over the recent years, and the share of
processing exports, which corresponds to greater regional inequality,
decreased obviously. In order to investigate the environmental effect of
changing export patterns, we further conduct another scenario analysis
in which only the region-sector-specific export flows changed as they
actually did while all others kept their 2012 levels. We found that the ag
index of the southwest region, the central region, and the northeast
region first decreased and reached a low point in 2014. This indicates

that the mismatch of trade-related economic benefits and environ-
mental impacts for these three regions has been alleviated over this
period. In 2015, however, China's export value fell obviously, which
draw the attention of the government back to export growth. As a
consequence, the ag index of these three regions increased again.

3.4. Sectoral analysis of regional inequality induced by exports

After clarifying the characteristics of the regional inequality induced

Table 4
Changes of value added and APE embodied in exports in 2007 and 2012.

2007 2012 Change in ag index (%)

GDP (%) APE (%) ag GDP (%) APE (%) ag

a) Ordinary exports
Northeast 6.54 7.61 1.16 6.86 9.08 1.32 13.82
Northern municipalities 8.31 2.86 0.34 6.88 2.79 0.4 17.62
North coast 13.69 17.70 1.29 13.29 16.35 1.23 −4.83
East coast 29.39 17.13 0.58 26.69 16.42 0.62 5.56
South coast 17.40 12.16 0.7 22.77 13.03 0.57 −18.07
Central region 12.35 19.16 1.55 11.19 16.78 1.5 −3.34
Northwest 6.77 14.03 2.07 6.05 15.30 2.53 22.01
Southwest 5.54 9.37 1.69 6.26 10.26 1.64 −3.10
Sum 100.00 100.00 100.00 100.00

b) Processing exports
Northeast 4.30 6.58 1.53 6.02 8.83 1.47 −4.10
Northern municipalities 5.20 2.11 0.41 4.26 2.01 0.47 16.09
North coast 8.56 15.61 1.82 10.56 16.90 1.6 −12.20
East coast 36.61 19.71 0.54 33.60 21.64 0.64 19.64
South coast 32.92 16.14 0.49 29.60 10.44 0.35 −28.05
Central region 7.27 20.13 2.77 9.82 19.45 1.98 −28.47
Northwest 2.53 10.40 4.12 3.42 14.02 4.1 −0.42
Southwest 2.61 9.32 3.57 2.73 6.73 2.46 −31.01
Sum 100.00 100.00 100.00 100.00

Notes: column (4)= column (3)/column (2); column (7)= column (6)/column (5); and column (8)= column (7)/column (4).

a) South coast region b) Central region

c) East coast region d) Northeast region

Fig. 3. The changes in ag index of four regions over the period 2012–2015.
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by exports, the next question that policymakers are concerned with is
which sector should be the target of trade-related environmental reg-
ulations. To be simple, electronic products are China's main ordinary
exported products, which accounted for 58.17% of China's processing
exports in 2012. Meanwhile, textile and clothing apparel products
(textiles, hereafter) account for 15.55% of China's ordinary exports.
Since the east coastal and south coastal regions correspond to the lar-
gest scale of ordinary and processing exports in China, this study pri-
marily focuses on the value added and APE embodied in ordinary ex-
ports of textile in the east coastal region and processing exports of
electronic products in the south coast region.

The results show that the value added generated by ordinary exports
of Textiles on the east coast reached 484.58 billion RMB, 76.63% of
which is actually obtained by the east coastal region itself. However,
the east coast only emitted 65.43% (or 258.42 thousand tons) of gross
APE (394,96 thousand tons) for the production of its ordinary exports of
textiles. This result highlights that the east coast earns dis-
proportionately more benefits from its ordinary exports. The mismatch
of trade-related value added and APE is more obvious for processing
exports in the south coastal region. The south coastal region's emissions
embodied in its processing exports of electronic products account for
only 41.59% (34.69 thousand tons) of the gross exported APE embodied
in the south coastal region's processing exports. However, the south
coastal region earns 90.52% (279.91 billion RMB) of the value added
embodied in its processing exports. To analyze the spatial mismatch of
economic benefits and environmental impacts of ordinary and proces-
sing exports, we provide a more detailed explanation of the other re-
gions' value added and APE embodied in the east coastal region's or-
dinary exports of textiles and the south coastal region's processing
exports of electronic products in Figs. 4 and 5.

Central regions benefit most from the ordinary exports of textiles in
the east coastal region and processing exports of electronic products in
the south coastal region. The central region also generates the largest
volume of APE to support the ordinary exports of textiles in the east
coastal region and the processing exports of electronic products in the
south coastal region. From the sectoral perspective, the electricity
generation sector corresponds to the largest scale of emissions induced
by the ordinary exports of textiles in the east coastal region and pro-
cessing exports of electronic products in the south coastal region. In
addition, the ordinary and processing exports of the corresponding
products also promote the emissions of the trade and transport sector
and the metal product sector obviously. Ordinary exports of textiles in
the east coastal region contribute most to the value added of the agri-
cultural sector in the central region (11.08 billion RMB) and the value
added of the mining sector in the northwest region (10.65 billion RMB).

Processing exports of electronic products in the south coastal region
contribute most to the value added of the electronic products sector in
the east coastal region (1.52 billion RMB) and the central region (1.35
billion RMB).

The ag index of the ordinary exports of textiles in the east coastal
region is represented by the ratio of the share of APE emitted by the
other seven regions to the share of value added obtained by the other
seven regions. The ag indexes of the ordinary exports of textiles in the
east coastal region and processing exports of electronic products in the
south coastal region are 1.48 and 5.99, respectively. This finding is
consistent with the above conclusion that processing exports contribute
to a more serious regional unequal distribution of trade-related APE and
value added. To clarify the role that a sector plays in the regional un-
balanced distribution of trade-related economic gains and environ-
mental impacts, we recalculate the ag index values assuming that this
sector's value added and APE induced by exports are all obtained or
emitted by the exporting region. If the ag index values decrease, this
sector plays a dominant role in the regional mismatch of trade-related
APE and value added. If the ag indexes increase, this sector plays an
important role in offsetting the regional mismatch of trade-related APE
and value added. The calculation results are presented in Figs. 6 and 7.

The electricity generation sector (C14) plays a dominant role in the
regional unbalanced distribution of trade-related value added and APE.
Ignoring the other seven regions' trade-related value added and APE in
the electricity generation sector, the ag index would decree from 1.48 to
0.92. For the south coast region's processing exports of electronic pro-
ducts, if we do not consider all trade-related value added and APE in the
electricity-generation sector to the south coastal region, the other seven
regions' ag index would decrease from 5.99 to 3.73. The trade-related
value added an APE in the metal products sector (C9) and non-metallic
mineral product sector (C8) also have a positive contribution to the ag
index. However, it is obvious that the electricity-generation sector plays
a dominant role in solving the problem of regional unbalanced dis-
tribution of trade-related value added and APE. China applied the ad-
ministered electricity price. The low electricity price could not reflect
the scarcity of energy resources and the costs for abating emissions
generated during electricity production. Most power plants in the in-
land regions are state-owned, with corporate headquarters located in
the coastal regions, such as Beijing and Shanghai. The tax revenue
generated by the power plants in the inland regions is pumped away by
the coastal regions. The inland regions obtain a smaller share of trade-
related value added relative to the share of APE they emit. Therefore,
the electricity-generation sector contributes most to the regional un-
equal distribution of trade-related APE and value added. The coastal
region should transfer more economic revenues to the electricity
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Fig. 4. Value added and APE embodied in east coast's ordinary exports of textiles.
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generation region. In addition, the coastal regions should supply tech-
nology and capital to support pollution abatement in the coastal re-
gions.

4. Conclusions

China has been the world's largest exporting country and faces
serious regional inequality in terms of income and pollution. We ana-
lyze the effect of trade on regional inequality by measuring the regional
unbalanced distribution of trade-related APE and value added among
different regions. This study contributes to the related literature by
making a detailed distinction between ordinary and processing exports,
with the latter accounting for as much as 39.54% of the gross exports in
2012. Several interesting conclusions are drawn below.

First, although processing exports are cleaner than ordinary exports,
the value added and pollution embodied in processing exports are more
unequally distributed among different regions. In 2012, processing
exports accounted for 39.54% of China's gross exports. The value added
and APE embodied in China's processing exports accounted for only
23.52% and 17.31% of China's gross trade-related value added and
APE, respectively. The inland regions obtained relatively fewer trade-
related economic gains and emitted greater trade-related APE. For in-
stance, the northwest region received only 5.43% of China's exported
value added.

Second, failing to distinguish between ordinary and processing ex-
ports would overestimate the trade-related value added and APE and
underestimate the regional unbalanced distribution of these two terms.
Trade-related APE (value added) was overestimated by 15.58%
(10.69%) in 2012. The pollution intensity of China's exports is

overestimated by 4.41%. By region, the pollution intensity in the
coastal region is more significantly overestimated than that in the in-
land regions. This would trivialize the regional inequality in trade-re-
lated economic gains and environmental impacts. Over time, there is an
obvious decreasing trend in regional inequality induced by processing
exports.

Third, this study also implements a detailed sectoral analysis to
identify the key sectors of solving the regional mismatch of trade-re-
lated value added and APE. It is found that the electricity sector plays a
dominant role. The electricity generation sector emits the largest share
of pollutants to support China's exports. If we recalculate the ag index
without considering other regions' trade-related value added and pol-
lutions in the electricity sector, we can see that the environmental and
economic justice index decrease significantly. For the east coastal re-
gion's ordinary exports of textiles, the environmental and economic
justice index decreases from 1.48 to 0.92. For the south coastal region's
processing exports of electronic products, the environmental and eco-
nomic justice index decreases from 5.99 to 3.73.

The findings of this study have important policy implications.
Exports not only directly contribute to regional income inequality,3 but
also lead to regional inequality through an unequal distribution of
trade-related pollution, which has substantial adverse effects on health
(Yang et al., 2013) and in turn results in large economic losses (WHO
Regional Office for Europe OECD, 2015). Policymakers should pay
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Fig. 5. Value added and APE embodied in south coast's processing exports of electronic products.
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Fig. 6. Initial and adjusted AG index of east coast's ordinary exports of textiles.

3 Other possible factors also include resource endowments (Fleisher et al.,
2010), foreign direct investment (Fleisher et al., 2010; Zhang and Zhang, 2003),
decentralization (Kanbur and Zhang, 2005), and so on.
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attention to the equal distribution of trade-related economic benefits
among different regions. From a regional perspective, the Chinese
government should establish a pollution compensation mechanism be-
tween coastal and inland regions. Then, coastal regions can transfer a
greater share of trade-related value added to support the sustainable
development of inland regions, which bear a large share of pollution
costs to support export production in coastal regions. For instance, the
government may raise the electricity price level to cover the environ-
mental costs of power plants that are mainly located in inland pro-
vinces. From a national perspective, the Chinese government should
further restrict exports of pollution-intensive products and encourage

the inland regions to actively and directly participate in global pro-
duction networks to obtain more economic benefits.
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Appendix A. Classification of China's 17 sectors

Abbreviation Sectors

Sector 1 C1 Agriculture
Sector 2 C2 Mining
Sector 3 C3 Food products
Sector 4 C4 Textile and clothing apparel
Sector 5 C5 Wooden products
Sector 6 C6 Paper and printing
Sector 7 C7 Chemical products
Sector 8 C8 Non-metallic mineral products
Sector 9 C9 Metal products
Sector 10 C10 Machinery
Sector 11 C11 Transport equipment
Sector 12 C12 Electronic products
Sector 13 C13 Other manufacturing products
Sector 14 C14 Electricity, gas and water supply
Sector 15 C15 Construction
Sector 16 C16 Trade and transport
Sector 17 C17 Other services

Appendix B. Classification of China's eight regions

Abbreviation Province included

Northeast region NE Heilongjiang, Jilin, Liaoning
Northern municipalities NM Beijing, Tianjin
North coastal region NC Hebei, Shandong
East coastal region EC Shanghai, Jiangsu, Zhejiang
South coastal region SC Guangdong, Fujian, Hainan
Central region CR Shanxi, Henan, Hubei, Hunan, Anhui, Jiangxi
Northwest region NW Inner Mongolia, Shaanxi, Ningxia, Gansu, Xinjiang
Southwest region SW Sichuan, Chongqing, Yunnan, Guizhou, Guangxi, Qinghai, Tibet

Note: In Mainland China's 31 provincial administrative areas, which are listed above, the Coastal areas include Liaoning, Tianjin, Hebei, Shandong,
Shanghai, Jiangsu, Zhejiang, Guangdong, Fujian, Hainan and Guangxi.
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Fig. 7. Initial and adjusted AG index of the south coast's processing exports of electronic products.

Z. Zhang, et al. Ecological Economics 164 (2019) 106340

10



Appendix C. China's ordinary and processing exports in 2012

In 2012, China's gross exports reached as high as 13,774 billion yuan. Ordinary and processing exports reached 8328 and 5446 billion yuan,
accounting for 60.46% and 39.54% of the gross exports, respectively. The share of processing exports is so high that trade heterogeneity has a
significant impact on the evaluation of the economic and environmental effects of international trade (Dietzenbacher et al., 2012; Yang et al., 2015).
We provide a more detailed explanation of trade heterogeneity from regional and sectoral perspectives. The results are presented in Fig. C.1.

a) Ordinary and processing exports in eight regions

b) Ordinary and processing exports of seventeen sectors
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Fig. C.1. China's ordinary and processing exports in 2012.
Fig. C.1.a presents eight regions' exports in 2012, with a distinction between ordinary and processing exports. China's exports are mainly

concentrated in the coastal regions. The east coast corresponds to the largest volume of exports (i.e., 4764 billion yuan), followed by south coast (i.e.,
4379 billion yuan). The exports of these two regions account for 66.37% of China's gross exports. Processing exports show much more obvious
characteristics of regional agglomeration. Processing exports account for 50.53% and 40.04% of the gross exports in the south and east coastal
regions. The processing exports of these two regions account for as high as 75.65% of China's gross processing exports. The volume of exports in
inland regions is relatively smaller. The northwest region corresponds to the lowest volume of exports (i.e., 297 billion yuan). The processing exports
account for only 7.47% of the northwest region's gross exports.

Fig. C.1.b presents the volume of exported products and services corresponding to seventeen sectors, by two different trade modes. Electronic
products (C12) correspond to the largest volume (i.e., 4101.27 billion yuan) of exports in 2012, followed by trade and transport (i.e., 1746.78 billion
yuan; C16) and textile and clothing apparel (i.e., 1624.75 billion yuan; C4). The large volume difference among exports of these three sectors is
primarily due to the processing exports. Processing exports of electronic products account for as much as 77.23% of exported electronic products. By
only looking at ordinary exports, Sector C16 ranked first (accounting for 21.97%) in China's ordinary exports, followed by Sector C4 (accounting for
15.55%). It is obvious that electronic products dominate the processing exports. Processing exports of electronic products accounts for 58.17% of
China's gross processing exports. This result is consistent with the fact that most of Apple's products are labeled ‘Assembled in China’.
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Appendix D. The structure of traditional interregional input-output table

Table D.1
The structure of traditional interregional input-output table.

Intermediate input Final use Gross output or imports

Region 1 … Region n Region 1 … Region n Exports

Region 1 Z11 … Z 1n y 11 … y 1n e1 x 1

… … … … … … … … …
Region n Zn1 … Z nn y n1 … ynn en xn
Imports m 1 … m n my 1 … my n 0 m
Value added v 1 … v n

Gross output (x 1)′ … (x n)′
Pollutions f1 … f n

Appendix E. Each region's value added induced by regional exports (billion yuan)

NE NM NC EC SC CR NW SW

a) Processing exports
Northeast 99.76 2.21 2.79 16.12 6.87 0.71 0.10 0.00
Northern municipalities 6.27 61.16 5.37 12.39 4.47 1.30 0.12 0.00
North coast 5.37 6.51 175.27 26.53 8.98 2.65 0.18 0.00
East coast 7.29 3.49 2.82 681.59 17.71 4.35 0.34 0.00
South coast 4.73 1.87 1.12 18.01 604.53 1.76 0.14 0.00
Central regions 6.64 4.15 7.24 90.17 28.24 72.94 0.36 0.00
Northwest 4.40 3.05 5.17 39.76 12.32 1.94 6.37 0.00
Southwest 2.48 1.02 1.41 16.20 20.84 1.04 0.19 15.15

b) Normal exports
Northeast 354.37 14.34 11.68 48.26 29.54 7.38 6.79 4.18
Northern municipalities 15.01 372.87 21.53 34.28 15.94 9.40 6.56 2.42
North coast 25.91 34.74 712.18 74.91 31.92 22.74 14.57 6.36
East coast 16.27 12.50 10.19 1713.74 54.31 25.81 11.42 9.41
South coast 7.28 5.81 3.48 46.57 1487.14 11.07 5.14 14.98
Central regions 20.02 20.90 25.65 246.03 96.00 336.59 17.34 14.87
Northwest 14.83 15.94 18.20 117.77 48.16 18.00 177.14 10.25
Southwest 6.51 4.86 5.29 43.69 72.84 9.22 8.99 283.14

Appendix F. Each region's APE induced by regional exports (thousand ton)

NE NM NC EC SC CR NW SW

a) Processing exports
northeast 95.99 3.52 4.50 23.59 9.33 1.06 0.13 0.00
northern municipalities 2.55 14.83 5.17 5.76 2.51 0.62 0.06 0.00
north coast 8.01 9.22 180.22 48.35 14.20 4.02 0.30 0.00
east coast 4.47 2.19 1.76 314.23 12.77 2.88 0.22 0.00
south coast 2.67 1.17 0.87 13.63 143.64 1.21 0.09 0.00
central region 10.89 8.78 16.66 159.73 46.24 61.32 0.62 0.00
northwest 14.38 11.70 15.67 107.40 37.16 5.87 27.11 0.00
southwest 4.17 2.05 3.15 32.86 41.07 2.16 0.31 19.47

b) Normal exports
northeast 508.09 22.91 17.22 65.84 38.47 10.71 9.13 5.99
northern municipalities 9.04 145.24 18.10 15.79 9.22 5.40 3.86 1.59
north coast 32.85 52.35 894.77 126.84 48.64 36.20 21.03 9.29
east coast 10.28 7.93 6.05 1130.47 39.53 18.36 7.99 6.66
south coast 5.26 4.75 2.80 35.02 902.60 9.04 4.01 10.36
central region 33.07 49.81 57.47 401.75 152.35 505.49 29.86 24.20
northwest 47.88 65.50 54.88 288.07 137.00 53.75 462.29 33.82
southwest 11.50 10.27 11.10 83.41 133.88 20.02 18.67 477.83
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