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Pollution haven hypothesis is an important debate on the environmental effects of international trade, the
pattern of which has been reshaped obviously by global production fragmentation recently. The production pro-
cess is distributed globally, and the pollution haven effect of international trade is becoming more complicated.
For instance, intermediate product trade corresponds to the largest share of embodied emissions, and the share of
emissions induced by the global value chain related trade is increasing gradually. The aim of this paper is tomake
a comprehensive analysis on the pollution haven hypothesis in carbon emissions embodied in three different
trade patterns from global, bilateral, and national perspectives. We propose a method to parcel the pollution
haven hypothesis in a multi-regional input–output analysis and discuss the contribution of production fragmen-
tation for global emissions. It is found that international production fragmentation generates global emissions
savings. The intermediate product trade has a negative balance of avoided emissions. The final product trade
becomes increasingly less environmentally effective during the period 1995–2009. There are significant differ-
ences in the environmental effects of different trade patterns for each country.
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1. Introduction

Lowproduction cost andmoderate environmental regulations of the
developing countries are used to be the major incentive of developed
counties to outsource the production process. Recently, there has been
a growing awareness that the environmental problem is a global
problem, the solution of which requires close global cooperation. The
international climate agreement has developed from the stage of
the United Nations Framework Convention on Climate Change in 1992
to the stage of the Kyoto Protocol in 1997 and the stage of the Paris
Agreement in 2016. To address the problem of environmental external-
ities, environmental provisions are also becoming more and more
visible in recent international trade agreements, such as the Trans-
Pacific Partnership (TPP1). An important debate on the environmental
effects of international trade is the pollution haven hypothesis, which
has become increasingly more complicated because global production
fragmentation is reshaping the international trade pattern. The aim of
this paper is to make a comprehensive analysis on the pollution haven
ade-agreements/trans-pacific-
hypothesis in carbon emissions embodied in three different trade
patterns, from global, bilateral, and national perspectives.

Since the pollution haven hypothesis is first proposed (e.g., Walter
and Ugelow, 1979), researchers have devoted extensive effort to
theoretical (e.g., Conrad, 2005; Kheder and Zugravu, 2008) and empiri-
cal study (e.g., Al-mulali and Tang, 2013; Eskeland and Harrison, 2003)
on exploring and testing this hypothesis. Taylor (2005) notes that
pollution haven hypothesis is at the center of the debate on the envi-
ronmental effects of trade flows. The quantitative evaluation adopts dif-
ferent models, such as difference-in-differences model (Tang, 2015),
simultaneous-equations model (He, 2006), gravity model of bilateral
trade (Koźluk and Timiliotis, 2016), and other panel data estima-
tion techniques (e.g., Cole and Elliott, 2005; Hoffmann et al., 2005;
Levinson and Taylor, 2008; Rezza, 2013). Recently, there has been an
increasing interest in adopting input–output models to analyze the
environmental effects of trade (e.g., Dietzenbacher and Mukhopadhyay,
2007; López et al., 2013a; López et al., 2013b; López et al., 2013c;
Su and Ang, 2014b; Su et al., 2013; Zhang et al., 2014). The research
methodology of this study is based on input–output method.

This study builds on growing literature on the environmental effects
of global production fragmentation with the development of global
value chains (e.g., Dean and Lovely, 2010; Dietzenbacher et al., 2012;
Jiang et al., 2015a; Jiang et al., 2015b; López et al., 2013a; Liu et al.,
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2016a;Meng et al., 2014; Pei et al., 2015; Su et al., 2013). Previousmulti-
regional input–output studiesmainly focus on the source and destination
of embodied emissions (e.g., Meng et al., 2014). However, policy makers
may be more concerned about the environmental effects of a country's
position in global value chains and about the environmental effects of
bilateral trade with its direct upstream and downstream trade partners.
With thedevelopment of global production fragmentation, countries spe-
cialize in different stages and connect with the world through different
trade linkages. This study analyzeswhether the participation of a country
in global value chains generates an increase or decrease in global emis-
sions on the basis of distinguishing three different trade patterns.

Arce González et al. (2012) and López et al. (2013c) isolate three
trade patterns from the perspective of the international production
stage and test the pollution haven hypothesis, respectively. The three
patterns are trade in final goods, trade in intermediate goods for
the last stage of production, and trade in intermediate goods for the
remaining stages of international production. The first two trade
patterns belong to the direct value added trade pattern proposed by
Wang et al. (2017) or the traditional Ricardian trade proposed by
Borin and Mancini (2015). The last trade pattern is just the narrowly
defined global value chain related trade2 proposed by Wang et al.
(2017). This present paper distinguishes different trade patterns in a
similar way. The first two trade patterns are classified as the traditional
trade patterns, and the last one is named the global value chain related
trade patter. However, we enrich the literature by adopting another
method proposed by Wang et al. (2017), which decomposes the
Leontief inverse matrix to distinguish the emissions induced by pure
domestic and three different trade production activities. In addition,
we introduce the Structural Decomposition Analysis (SDA) to assess
the carbon transfer change over the period 1995–2009.

SDA is widely used to analyze carbon emissions embodied in
international trade (Ang et al., 2016; Fan and Xia, 2012; Su and Ang,
2012; Su and Thomson, 2016; Xia et al., 2015; Xu and Dietzenbacher,
2014). There exist different decomposition approaches, such as
the Dietzenbacher and Los (D&L) approach (Dietzenbacher and Los,
1998), the two polar decomposition approach (Fan and Xia, 2012; Xia
et al., 2015), the Logarithmic Mean Divisia Index (LMDI) method
(e.g., Ang et al., 2003; Ang et al., 1998; Su and Thomson, 2016), and
mean rate-of-change index approach (Chung and Rhee, 2001). Recent
methodological developments mainly are the multiplicative SDA (Su
and Ang, 2014a, 2015), and spatial SDA (Su and Ang, 2016). According
to the guidelines on decomposition approach selection in SDA (Su and
Ang, 2012), this paper chooses the LMDI approach, which is an ideal
decomposition method.

The previous studies evaluate the contribution of international
trade to global emissions per unit of additional imports and exports
(Dietzenbacher andMukhopadhyay, 2007; Zhang, 2015) or by calculat-
ing the difference between the total emissions embodied in exports and
total emissions avoided by imports (Arce González et al., 2012; Chen
and Chen, 2011; Peters et al., 2007; Zhang et al., 2014). Both measures
apply the domestic technology assumption and calculate the emissions
that would have resulted from producing the imported products with
domestic technology.3 Two types of multi-region input–output analysis
are the EEBT approach that considers total bilateral trade between
regions and the MRIO approach that endogenously determines trade
to intermediate consumption (Peters, 2008). The EEBT approach adopts
the domestic technology assumption (e.g., Zhang et al., 2014) in a
similar way as the single regional input–output analysis (e.g., Su and
2 For the global value chain related trade, the value added in intermediated products
crosses the borders at least twice.

3 The technology assumption may also focus on the exports. For instance, Kander et al.
(2015) focus on the emissions generated in the production of a country's exports, adopt
the average carbon intensity for the relevant sector on the world market, and propose
the technology-adjusted consumption-based accounting to reveal national abatement re-
sponsibility. This present paper focuses on the emissions avoided by a country's imports to
reveal the effects of international trade on global emissions.
Ang, 2013). However, there is no uniform approach to apply this
assumption under the MRIO approach, which reflects international
feedback (Su and Ang, 2011).

A typical way of applying the domestic technology assumption is by
summing up and substituting the direct domestic and import require-
ments matrix (e.g., Lenzen et al., 2004; Serrano and Dietzenbacher,
2010; Tukker et al., 2013). Hertwich and Peter (2010) apply this
assumption by replacing local and international input coefficients.
López et al. (2013b) and López et al. (2013c) propose amethod to parcel
pollution haven hypothesis intro bi-regional input–output analysis and
adopt the domestic technology assumption by substituting the domes-
tic Leontief inverse matrix. López et al. (2013a) further extend the
bi-regional case to themulti-regional case and adopt the domestic tech-
nology assumption by substituting the global Leontief inverse matrix.
However, this present paper holds the viewpoint that the interregional
input coefficients are not only determined by the production technology
but also are closely related to the international trade pattern. To avoid
the influence of the domestic technology assumption on the evaluation
of the environmental effect of different trade patterns, this present
paper only focuses on domestic emissions that are induced by exports
through domestic economic linkage. In other words, this paper proposes
another method to extend López et al.'s (2013c) method to the multi-
regional case, both of which focus on the domestic Leontief inverse
matrix. The main conclusions of this study are summarized as below.

First, this study decomposes the emissions associated with pure
domestic economic activities and different trade patterns. The findings
are as follows: traditional trade in intermediate products corresponds
to the largest share of embodied emissions, the share of emissions
induced by global value chains is increasing gradually, and the interna-
tional net carbon transfer is mainly done through the final product
trade. Second, this present study focuses on emissions that are induced
by exports only through domestic economic linkage and proposes
another method to parcel the pollution haven hypothesis into the
multi-regional input–output analysis. We find that international pro-
duction fragmentation generates global emissions savings, the interme-
diate product trade has a negative balance of avoided emissions, and the
final product trade becomes increasingly less environmentally effective
over the period 1995–2009. Third, this study provides a comprehensive
analysis on the environmental effects of different trade patterns from
the impacts on both national direct emissions and global emissions.
The results show that the effects of different trade patterns on national
and global emissions clearly vary according to each country's position in
the global production network.

The reminder of the paper is organized into four sections. Section 2
introduces the calculation methodology. Section 3 presents the simula-
tion results. The conclusions and policy implications follow in Section 4.

2. Methodology

Input–output analysis (Leontief, 1941) can be divided into the
single-regional (e.g., Gavrilova and Vilu, 2012) and multi-regional
(e.g., Wiedmann et al., 2010) input–output analysis. This present
paper adopts the multi-regional input–output analysis framework that
endogenously determines intermediate product trade among different
regions. This section explains the methodology based on a world com-
posed of G countries and N sectors. These countries are connected
through the interregional trade of intermediate and final products,
and each country's outputs are used to satisfy intermediate or final
consumption. The multi-regional input–output analysis framework
(Leontief, 1941) begins with an accounting balance of monetary flow.
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4 Su and Ang (2011) propose the stepwise distribution of emissions embodied in
trade (SWD-EET) method to trace the infinite distribution of embodied emissions in
trade. If we decompose the global Leontief inverse matrix (Bss ¼ Lss þ LssAsr ∑

r≠s
Brs

and Bsr ¼ Lss ∑
t≠s

AstBtr (Wang et al., 2013)) in an infinite process, Eq. (6) will be

aligning with Eq. (18) in Su and Ang's study (2011).

A country's gross
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Induced by
international trade
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Fig. 1. The decomposition of a country's gross emissions.
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where Xs represents the gross output of country s(s=1,⋯ ,g),Ysr repre-
sents the final demand of country r(r=1,⋯ ,g) for products from coun-
try s, Asr is the input coefficient matrix that represents the intermediate
use in country r of goods produced in country s. The elements of
the input coefficient matrix satisfy aij

sr=zij
sr/xjr, where zij

sr (i, j=1,⋯ ,n)
represents the transfer from sector i of country s to sector j of country
r. The intermediate input matrix from country s to country r is repre-
sented by Zsr=AsrXr. Eq. (1) can be rearranged as,
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where Bsr, the Leontief inverse, represents the quantity of the gross out-
put of country s for a one-unit increase in the final demand of country r.
From Eq. (2), the gross output of country r is as follows:

Xr ¼ ∑
G

t
Brt ∑

G

u
Ytu ð3Þ

The intermediate input of country r from country s is Zsr=AsrXr.
The exports from country s to country r are Tsr=Ysr+AsrXr. From

Wang et al.'s study (2013), we can prove that Brr ¼ Lrr þ Lrr ∑
G

t≠r
ArtBtr .

From Eq. (3), we obtain:
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where Lrr=(I−Arr)−1 is the domestic Leontief inverse matrix of
country r. T_ fsr defines trade in final products. The trade partner
would directly absorb the exported products, and the exporter is located
in the last stage of production. T_isr is the traditional trade in intermediate
products for the last stage of international production, which needs to be
further processed by the trade partner before finally being absorbed by
the trade partner. T_gsr is the narrowly defined global value chain
related trade (Wang et al., 2017). The traded products of the first two
trade patterns cross the border once and are finally absorbed by the
importer. The traded products of the global value chain related trade
cross the border more than once and may be ultimately absorbed by
the exporter, the importer or a third country.

Based on the balance of gross output Xs ¼ AssXs þ Yss þ∑
M

s≠r
Tsr , we

can decompose the gross output generated from each industry/country
into different components:

Xs ¼ LssYss þ Lss ∑
G

s≠r
T f sr þ Lss ∑

G

s≠r
T isr þ Lss ∑

G

s≠r
T gsr ð5Þ

The gross output of country s is decomposed into four terms. The
first term represents the output induced by the domestic final demand
through the local industrial linkage, which has no relationship with the
international production fragmentation. The other three terms repre-
sent the outputs induced by the final product trade, the traditional
trade in intermediate products and the global value chain related
trade (Arce González et al., 2012; López et al., 2013a; López et al.,
2013c; Wang et al., 2017). We define the carbon intensity of the sector
i of country s as f is=ei

s/xis, where ei
s represents the carbon emissions of
sector i of country s. F s is a diagonal matrix composed of f i
s. The

emissions of country s is

Es ¼ FsXs ¼ FsLssYss þ FsLss ∑
G

s≠r
T f sr þ FsLss ∑

G

s≠r
T isr þ FsLss ∑

G

s≠r
T gsr ð6Þ

The gross domestic emissions of country s are decomposed into four
terms.4 The first term represents emissions that are induced by the
domestic final demand through the local industrial linkage that has
no relationship with the international production fragmentation. The
other three terms represent the domestic emissions induced by the
trade in final products, the traditional trade in intermediate products
and the global value chain related trade. The decomposition is present-
ed in Fig. 1.

The domestic emissions embodied in the exports from country s to
country r is

EEXsr ¼ FsLssTsr ¼ FsLssT f sr þ FsLssT isr þ FsLssT gsr: ð7Þ

Eq. (7) decomposes the domestic emissions embodied in gross
exports from country s to country r into three terms by the trade
pattern, the trade in final products, the traditional trade in intermediate
products and the global value chain related trade. This present paper
further introduces the Structural Decomposition Analysis (SDA) to clar-
ify the driving forces of changes in carbon transfer through bilateral
trade. According to the guidelines on decomposition approach selection
in SDA (Su and Ang, 2012), this paper chooses the LMDI approach. In
addition, this paper adopts the double deflation method to deflate the
multi-regional input–output tables of 1995 and 2009 to the constant
price. The changes of embodied emissions are decomposed into four
sub-effects, shown as below.

ΔEEXsr ¼ EEXsr
t1−EEXsr

t0

¼ ΔEEXsr
F þ ΔEEXsr

L þ ΔEEXsr
T f þ ΔEEXsr

T i þ ΔEEXsr
T g

ð8Þ

where ΔEEXF
sr is the carbon intensity effect, ΔEEXL

sr is the production
technology effect, ΔEEXT_f

sr is the final product trade effect, ΔEEXT_i
sr is

the intermediate trade effect, ΔEEXT_g
sr is the global value chain related

trade effect. The mathematical expression of each term is presented in
Appendix C. The balance of the embodied emissions can be revealed as:

BEEsr ¼ EEXsr−EEXrs

¼ FsLssT f sr−FrLrrT f rs
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5 Source: International Monetary Fund (IMF). World Economic Outlook Database, April
2010.
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Term (9–1) represents the balance of emissions embodied in tradi-
tional final product trade; term (9–2) represents the balance of emis-
sions embodied in traditional intermediate product trade; and term
(9–3) represents the balance of emissions embodied in global value
chain related trade. BEEsrN0 denotes the bilateral production fragmen-
tation promotes the carbon emissions of country s; otherwise, the
bilateral production fragmentation contributes to a decrease in the
carbon emissions of country s. The effects of the position in the global
production fragmentation on the carbon emissions of country s is

BEEs ¼ ∑
G

r≠s
EEXsr−∑

G

r≠s
EEXrs ð10Þ

BEEsN0 means that the position in the global production fragmenta-
tion contributes to an increase in the carbon emissions of country s.
BEEsb0 means that the position in the global production fragmentation
promotes a decrease in the carbon emissions of country s. Nevertheless,
it is impossible to use BEE to understand the influence of interregional
trade on global emissions because the aggregation of BEE for all coun-

tries is always zero

 
∑
G

s
BEEs ¼ 0

!
.

The effects of production fragmentation on global emissions are
evaluated by the difference between the emissions embodied in the
exports and the emissions avoided by the imports (the balance of
avoided emissions, BAE) (Dietzenbacher and Mukhopadhyay, 2007;
López et al., 2013c). The emissions avoided by the imports of country s
from country r are

EAIsr ¼ FsLssTrs ¼ FsLssT f rs þ FsLssT irs þ FsLssT grs ð11Þ

Eq. (11) reflects the emissions of country s that are avoided by im-
ports from country r through the trade in final products, the traditional
trade in intermediate products, and the global value chain related trade.
The balance of avoided emissions (BAE) is

BAEsr ¼ EEXsr−EAIsr
� �þ EEXrs−EAIrs

� �
¼ FsLss−FrLrr
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Term (12–1) explains the PHH from the perspective of the produc-
tion structure and carbon intensity of the exports from country s to
country r, which can be further divided into three trade patterns.
Term (12–2) explains the PHH from the perspective of production
structure and the carbon intensity of the imports of country s from
country r, which can also be further divided into three trade patterns.
According to the modified calculation approach of PHH (Zhang et al.,
2014), the contribution of the involvement of country r in the global
value chain on the global emissions is represented by:

BAEs ¼ ∑
G

r≠s
BAEsr þ∑

G

r≠s
BAErs

 !
=2 ð13Þ

The expression of the gross balance of avoided emissions is present-
ed below.

BAE ¼ ∑
G

s
∑
G

r≠s
BAEsr ð14Þ
A positive BAEmeans the pollution haven hypothesis holds, and that
a negative BAE means that the interregional trade contributes to a de-
crease in gross emissions. Table 2 presents the meaning of different
variables.

There exist different multi-regional input–output databases for this
study. For instance, Owen (2015) makes comparison between three
databases, the World Input–Output Database (WIOD), the Eora multi-
region input–output table database, and the Global Trade Analysis
Project (GTAP) database. WIOD uses the residence principle for emis-
sions allocation, while the other two databases adopt territorial princi-
ple. Usubiaga and Acosta-Fernández (2015) strongly recommend the
residence principle for emissions allocation. Therefore, this present
paper adopts the WIOD database (Timmer et al., 2015). It should be
pointed out that the WIOD database also has limitations. For example,
Eora and GTAP have more detailed regional and sectoral classification
than WIOD. The WIOD database covers 40 individual countries and
a rest of world (ROW), which is made up of all countries not listed
individually. The names of the countries are presented in Appendix A
in the revised manuscript. The data quality of the individual countries
is better than that of the ROW aggregate; therefore, this present paper
mainly focuses on the environmental effects of the international trade
between the individual countries. The key greenhouse gases (GHG)
include carbon dioxide (CO2), methane (CH4), and nitrous oxide (N2O).
This paper only discusses CO2, which accounts for the largest share
to global greenhouse gas. The WIOD provides carbon emissions of 35
sectors (please refer to Appendix B) over the period 1995–2009.

3. Results

3.1. Preliminary results on embodied emissions

This section decomposes emissions associated with pure domestic
economic activities and different trade patterns and presents the
changing trends of emissions embodied in international trade.

3.1.1. Regional comparisons of embodied emissions
A country's direct carbon emissions are induced by pure domestic

economic activities or are linked to international trade. The decomposi-
tion of emissions of the top ten economic agents in 20095 is presented
in Fig. 2.

From the global perspective, about a quarter of theworld's emissions
are induced by international trade in 2009. The calculation result of this
paper is smaller than the result (33%) of Xu and Dietzenbacher's study
(2014) because these two studies adopt different decomposition
methods. Xu and Dietzenbacher (2014) analyze both direct and indirect
emissions embodied in an individual country's exports of final and
intermediate exports. This method will result in the double counting
problem because a country's emissions embodied in intermediate
exports can also be observed as the indirect emissions embodied in
another country's exports of final products. To avoid the double counting
problem, this present paper only focuses on domestic emissions that are
induced by exports only through domestic economic linkage. More
specifically, we find that 8% of global emissions are related to trade in
final products, 11% corresponds to trade in intermediate goods for the
last stage of production, and 6% is caused by the global value chain relat-
ed trade.

Regional comparisons show that there are significant differences in
the share of emissions induced by different economic activities for dif-
ferent countries. The consumption-oriented economic structure of the
USA determines that direct emissions are mainly induced by domestic
economic activity. The share of emissions induced by the exports of
China is slightly lower than the world average level. The calculation
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results show that 24.34% of China's carbon emissions are induced by
exports, being comparatively in consistent with the literature. For
instance, Jiang et al. (2015a) find that 25.9% of China's carbon emissions
are induced by nominal or processing exports. China has a greater
share of emissions linked to trade in the final products because China
specializes in international downstream production and exports large
quantities of final products. The raw materials account for a larger
share of the exports of Brazil. Therefore, the intermediate product
trade corresponds to a greater share of emissions. Fig. 2 also presents
other countries' emissions induced by exports, and we will not discuss
one by one. The impact of international trade on national direct emis-
sions is usually evaluated by the difference between the emissions
induced by exports and imports. This study further provides a more
detailed discussion on the trade-related emissions for the top ten econ-
omy agents in 2009.

Fig. 3 presents the emissions induced by imports and exports of the
top ten economies, which is decomposed into the emissions related
to the three different trade patterns. The results show that imports of
the USA corresponds to a greater volume of foreign emissions than the
domestic emissions linked to exports. This means that the USA is a net
carbon importer and generates emissions savings through international
trade. Consistent with previous studies (e.g., Liu et al., 2016a), China is
the largest net carbon exporter, and international trade promotes the
direct carbon emissions of China. The other eight countries are all net
carbon importers. The contribution of this study to the literature on
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Fig. 3. Emissions induced by trade of the top te
international carbon transfer is that we provide a more in-depth
analysis from the perspective of three different trade patterns. We can
roughly classify the ten countries into three types by their net carbon
transfer channels. The first type of net carbon transfer ismainly through
the trade of final goods, which includes China, the USA, the United
Kingdom, and Canada. The net carbon transfer of the second type is
mainly through the trade in intermediated goods for the last stage of
production, such as Japan, France, Italy, Brazil, and Spain. In addition,
the global value chain related trade pattern plays the most significant
role in net carbon transfer for Germany. This highlights that there are
significant differences in the contributions of different trade patterns
to the carbon transfers of different countries, which is closely related
to a country's position in the international production network. For
instance, international trade promotes China's direct emissions primar-
ily through the trade in final goods, and the global value chain related
trade pattern contributes less to the international carbon transfer. The
net carbon transfer direction of a certain country may be different for
different trade patterns. For example, the USA is an even net carbon
exporter from the perspective of a global value chain related trade
pattern, although the USA is net carbon importer from the perspective
of total trade.
3.1.2. Changing trends of embodied emissions
The literature shows that emissions embodied in trade have increase

obviously recently. For instance, Peters et al. (2011) use GTAP database
and find that carbon emissions embodied in traded product increase
from 4.3 billion tons in 1990 to 7.8 billion tons CO2 in 2008. The calcula-
tion results of this present paper show that carbon emissions embodied
in trade increase from 4.1 billion tons in 1995 to 6.3 billion tons in 2009.
This section further analyzes the changing trends of the share of emis-
sions induced by different trade patterns. The calculation results are
presented in Fig. 4.

Fig. 4 show that the trade in intermediate goods for the last produc-
tion stage corresponds to the largest share of embodied emissions,
which decreased from 48.18% in 1995 to the lowest point of 42.94% in
2008, which further increased to 44.08% in 2009. The share of emissions
induced by trade in the final product trade remains relatively stable.
However, the share of emissions related to global value chains increased
obviously and reached a peak in 2008. In 1995, only 20.85% of trade
related emissions were induced by global value chains, while this
number increased to 28.51% in 2008. This reflects the quick develop-
ment of global value chains over this period. The financial and economic
crisis in 2008 shocked the international trade, especially the global
value chain related trade. Therefore, the share of emissions corresponds
to the global value chain related trade decreased in 2009, while the
share of other two trade patterns increased obviously. In addition, the
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share of emissions induced by the trade in final products remained
relatively stable over this period, which was approximately 30%.

This paper discusses the changing trends of bilateral carbon transfer
for 1995–2009, using the top two economy agents, China and the USA
as examples. The carbon transfer between these two countries has
attracted attentions from the literature. Shui and Harriss (2006) find
that carbon emissions embodied in China's exports to the USA increase
from 213 million tons in 1997 to 497 million tons in 2003. Guo et al.
(2010) find that China's carbon emissions embodied in exports to USA
have increased from 5% to 7.76% of China's gross emissions over the
period 2002–2006. Du et al. (2011) find that carbon emissions embod-
ied in exports from China to the USA increase from 408.49 million tons
in 2002 to 812.01million tons in 2007. Zhao et al. (2016) discuss carbon
transfer through final and intermediate trade between China and the
USA. This present paper extends the literature by making a more de-
tailed decomposition on carbon transfer through three different trade
patterns. The calculation results are presented in Table 1.

Table 1 shows that the emissions induced by exports from China to
the USA are greater than those induced by imports, and the net carbon
transfer direction is from China to the USA. The former is done mainly
through the traditional final product trade, while the latter is done
mainly through the traditional intermediate product trade. The carbon
Table 1
The net carbon transfer between China and USA for 1995–2009 (million tons).

Emissions induced by
exports from China
to USA

Emissions induced
by imports of China
from USA

Balance of emissions
induced by China–USA
trade

T_f T_i T_g T_f T_i T_g T_f T_i T_g

1995 101.31 38.70 7.76 2.38 5.21 1.68 98.93 33.49 6.08
1996 91.00 37.47 7.74 2.50 4.85 1.39 88.49 32.62 6.35
1997 99.38 42.09 9.46 2.62 5.67 1.66 96.77 36.43 7.80
1998 107.25 51.10 10.18 2.76 4.77 1.38 104.49 46.32 8.80
1999 96.03 47.06 9.26 2.91 4.93 1.46 93.12 42.13 7.81
2000 100.28 51.75 10.63 3.37 5.52 1.86 96.91 46.22 8.77
2001 95.84 49.94 9.64 4.21 6.00 1.97 91.63 43.95 7.67
2002 111.21 58.66 10.44 3.83 6.10 2.26 107.38 52.56 8.18
2003 143.16 67.47 12.25 4.05 7.35 3.16 139.11 60.12 9.09
2004 167.22 104.94 22.11 3.65 9.16 4.48 163.57 95.78 17.64
2005 200.56 124.84 26.99 3.71 9.92 5.50 196.84 114.92 21.49
2006 212.01 141.09 32.99 4.16 11.67 6.93 207.85 129.42 26.06
2007 217.48 136.86 34.11 5.09 15.82 9.52 212.40 121.04 24.60
2008 194.12 134.31 35.13 6.03 19.31 10.29 188.09 115.00 24.84
2009 178.77 114.62 25.90 6.01 19.74 7.62 172.76 94.87 18.28
transfer between China and USA had three stages. For the first stage
(before 2001), the bilateral carbon transfer between USA and China
remained relatively stable. During this period, China experienced a
sharp decrease in the carbon intensity associated with the Asian finan-
cial crisis that shocked the Chinese economy. In 2001, China became a
member of theWorld Trade Organization (WTO), and the scale of inter-
national trade increased sharply, contributing to a rapid increase in the
carbon transfer in the second stage (after 2001). For the third stage
(2008–2009), the financial crisis resulted in decreased emissions
induced by bilateral trade. From 1995 to 2009, the embodied emissions
transfer through the final product trade almost doubled, and the
embodied emissions transfer through the intermediate product trade
increased almost three times. This reflects the rapid development of
global production fragmentation. This study further discusses the driv-
ing factors of emissions embodied in exports and imports of the top
ten economic agents for 1995–2009 with a Structural Decomposition
Analysis, the results are shown below.

Table 2 presents the structural decomposition analysis results for the
emissions embodied in exports of the top ten economies for the period
between 1995 and 2009. The change in embodied emissions (ΔEEE) is
explained from the perspectives of carbon intensity (ΔEEXF), produc-
tion technology (ΔEEXL), and trade scale of the three different patterns
(ΔEEXT_f, ΔEEXT_i and ΔEEXT_g). The results show that China faces the
largest increase in emissions embodied in exports, which is mainly
determined by the changes in production technology and trade scale.
Some countries face a decrease in emissions that is embodied in exports
over this period, such as the USA. The main contributor is the change in
carbon intensity and production technology. This can be explained by
clean technology development. The production technology change
Table 2
SDA results of emissions induced by national exports for 1995–2009.

ΔEEXF ΔEEXL ΔEEXT_f ΔEEXT_i ΔEEXT_g ΔEEE

USA −80.02 −165.45 81.96 75.68 67.14 −20.69
China −1228.77 393.56 938.56 676.84 431.91 1212.09
Japan −2.83 −8.63 31.36 38.93 38.45 97.28
Germany −112.62 11.72 71.57 74.79 57.65 103.12
France −71.04 3.19 24.96 15.72 15.28 −11.90
UK −20.84 −26.57 20.46 19.64 18.26 10.96
Italy −36.25 −6.66 16.90 6.62 11.49 −7.90
Brazil 37.24 −5.51 3.30 −2.34 1.86 34.55
Spain −23.58 9.46 17.34 14.84 10.83 28.89
Canada −104.16 0.08 27.22 50.97 23.95 −1.94
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also contributes to an increase in embodied emissions for Germany,
France, Spain and Canada. Xu and Dietzenbacher (2014) explain this
based on the increase in the share of intermediate inputs per unit of out-
puts. The changes in the trade scale of different patterns all contribute to
an increase in emissions embodied in exports, except Brazil. However,
different trade patterns play different roles in promoting embodied
emissions for different countries. For instance, the increase in emissions
embodied in China's exports mainly resulted from the trade in final
products, while the trade in intermediate products contributes the
most to the increase of emissions embodied in the exports of Canada.
In addition, global value chain related trade also plays an important
role in the changing trends of embodied emissions, such as Japan.

3.2. Environmental effects of different trade patterns

With the balance of avoided emissions, this section tests the
pollution haven hypothesis from the global, bilateral and national
perspectives.

3.2.1. Global perspective
We first evaluate the contribution of international production frag-

mentation to global emissions through different trade patterns. The
calculation results are shown below.

Fig. 5 presents the changing trend in the balance of avoided emis-
sions through international trade over the period 1995–2009, and the
trade is decomposed into three different trade patterns. The results
show that total international trade corresponds to a negative balance
of avoided emissions. This means that international trade contributes
to a decrease in global emissions, and the pollution haven hypothesis
does not hold. For instance, in the absence of international trade, global
carbon emissions would increase by 822.61 million tons in 2009.
The conclusion is similar to that of López et al.'s study (2013a)
(1101.11 million tons in 2009). Both of this present paper and López
et al.'s study (2013a) adopt the WIOD database and test the pollution
haven hypothesis by balance of avoided emissions. The results of
these two studies are different. First, these two studies adopt different
approaches to adopt the domestic technology assumption. López
et al.'s study (2013a) substitutes the global Leontief inverse matrix.
However, this present paper substitutes the domestic Leontief inverse
matrix. Second, these two studies adopt different regional aggregation
level. López et al.'s study (2013a) (7 regions) adopts a relatively smaller
regional aggregation level than this present paper (41 regions).

Fig. 5 shows that the pollution haven hypothesis is obviously
influenced by the Asian financial crisis in 1997 and the financial crisis
in 2008, and the balance of avoided emissions clearly increased after
1997 and 2008. First, the governments adopt economic stimulus mea-
sures after the financial crisis shock and pay less attention to environ-
ment protection. Therefore, international trade generates less carbon
savings. Second, the developing countries enjoy faster economic recov-
ery than the developed countries. For instance, China's economic
growth rate reaches as high as 9.2% in 2009.6 The developing countries
correspond to greater carbon intensity, which result in a greater balance
of avoided emissions. In addition, Fig. 5 provides a more detailed infor-
mation on the pollution haven hypothesis from the perspective of three
different trade patterns. The BAE of trade in the final products changes
from negative to positive during this period. This reflects that the
last stage of the global production chain gradually concentrates on the
countries with relatively higher carbon intensity and contributes to an
increase in global emissions. The trade in intermediate products for
the last stage of production contributes to the largest decrease in global
emissions and is also influenced obviously by the Asian financial crisis
and the global financial crisis in 2008. The impact of global value chain
related trade on global emissions is not obvious before 2002 and
contributes to the growing emissions savings after 2002. The BAE of
this trade pattern was more clearly influenced by the global financial
crisis in 2008 compared to the Asian financial crisis in 1997 because
the former has broader influence.

3.2.2. Bilateral perspective
International trade can be observed as a collection of bilateral trade

flows. To provide a more detailed discussion on the environmental
effects of international trade, this section further discusses the pollution
haven effect of international trade from the bilateral perspectives. The
literature on environmental effects of international trade is also tend
to discuss from the bilateral perspective (e.g., Ackerman et al., 2007;
Guo et al., 2010; Tan et al., 2013; Zhang et al., 2014). This present
paper attempts to extend the literature by clarifying whether the inter-
national carbon flow generates an increase or decrease in global emis-
sions from the perspective of three different trade patterns. Here, we
list the environmental effect of the top ten net carbon flows of the
three different trade patterns.

Although the emissions induced by the trade in intermediate prod-
ucts have the largest share (see Section 3.2), Table 3 shows that the
bilateral net carbon transfer is mainly done through the traditional
final product trade. The downstream production process is sensitive to

http://www.stats.gov.cn


Table 3
The environmental effect of the top ten net carbon flow (million tons).

Trade in final products Trade in intermediate products for the last stage of production Narrowly defined global value chain related trade

Bilateral trade Net transfer BAE Bilateral trade Net transfer BAE Bilateral trade Net transfer BAE

1 China–USAa 172.76 116.10 China–USA 94.87 42.35 China–Germany 22.08 6.93
2 China–Japan 60.44 21.21 China–Japan 31.91 −30.42 China–Korea 21.84 −6.03
3 China–Germany 40.09 −0.23 Canada–USA 27.08 2.81 China–USA 18.28 −0.39
4 India–USA 24.72 11.27 Russia–Italy 25.88 19.57 Russia–Germany 15.99 9.69
5 China–Canada 22.85 16.09 Taiwan–China 18.33 −30.08 China–Japan 13.24 −16.63
6 China–UK 21.49 13.55 Russia–China 17.40 −6.91 China–Mexico 12.10 8.69
7 China–Australia 20.70 12.90 China–Germany 13.95 −19.92 Russia–Netherlands 11.76 9.69
8 China–France 20.36 12.08 Russia–USA 13.37 8.07 Russia–Italy 10.75 8.53
9 China–Russia 19.05 −2.64 China–India 12.63 2.03 China–Netherlands 7.58 4.01
10 China–India 18.12 1.58 Russia–France 11.81 6.52 Russia–China 7.47 1.33

a Notes, we list the two countries of bilateral trade by the origin and destination of net carbon transfer. For instance “China–USA”means the net carbon transfer direction is from China
to USA.
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the labor cost and is mainly centered in developing countries. As the
world's factory, China is the largest net carbon exporter in 2009, pre-
dominantly induced by thefinal product exports to developed countries
such as the USA, Japan, and Germany. In addition, China's significant
carbon intensity and large trade surplus also contributes to carbon leak-
age from developed countries to China through international trade.
From the perspective of trade in intermediate products for the last
stage of production, the main sources of net carbon transfer are China,
Canada, Russia and Taiwan. For instance, raw materials from Russia
mainly support production in European countries. The greatest net
carbon flow via the global value chain related trade is from China to
Germany. However, the contribution of global value chain related
trade to the international carbon transfer is relatively smaller than the
other two trade patterns. This highlights that the effect of the develop-
ment of global value chains on international carbon leakage is limited,
which is mainly done through the trade in final products. We further
test the pollution haven hypothesis of different trade flows.

The results show that trade in final products generally corresponds
to a positive balance of avoided emissions except between China and
Germany and between China and Russia. For instance, the bilateral
trade in final products between China and the USA raises global
emissions by 116.10 million tons. From the perspective of trade in
intermediate products for the last stage of production, the bilateral
trade that contributes the most to global emissions is the trade flow
between China and the USA (BAE is 42.35 million tons), followed by
that between Russia and Italy (BAE is 19.57 million tons). At the same
time, the bilateral trade of China–Japan (BAE is −30.42 million tons),
Taiwan–China (BAE is −30.08 million tons), and China–Germany
(BAE is −19.92 million tons) corresponds to negative BAE. This means
that the intermediate product trade between these two countries
generates global emissions savings. From the perspective of the global
value chain related trade pattern, the absolute size of the BAE is rel-
atively smaller than the other two trade patterns. This further indicates
that the effect of the development of global value chains on global emis-
sions is not obvious.

Table 3 also presents the pollution haven effect of bilateral trade.
For instance, the China–USA bilateral trade raises global emissions by
267.24 million tons. From the perspectives of different trade patterns,
the BAE for the bilateral trade in final products is 116.10 million tons,
the BAE for trade in intermediate products for the last stage of produc-
tion is 42.35 million tons, and the BAE for the narrowly defined global
value chain related trade is −0.39 million tons. Guo et al. (2010)
find that bilateral trade between China and the USA increase global
emissions by 385.32 million tons in 2005. The positive BAE for the
China–USA bilateral trade can be explained from the China's trade
surplus with the USA, which has relatively lower carbon intensity.
Germany also has a trade deficit with China, but the size of trade deficit
is smaller than the USA. In addition, China imports large scale of
industrial products from Germany, which has relatively lower carbon
intensity. Therefore, the bilateral trade between China and Germany
generates global emissions savings. The calculation results show that
bilateral trade in intermediate products for the last stage of production
contributes most to the reduction in global emissions. However, the
narrowly defined global value chain related trade corresponds to posi-
tive BAE.

Table 3 only presents the pollution haven effect of the top ten net
carbon flows. This study will not discuss the pollution haven effect of
different bilateral trade flows one by one. In addition, readers can also
obtain the pollution haven effects of bilateral trade that are not listed
here. For instance, Tan et al. (2013) find that China–Australia bilateral
trade causes a reduction in global emissions in 2010 because Australia
has relatively lower carbon intensity for the exported products. This
study finds that China–Australia trade contributes to a reduction
(−30.91 million tons) in global emissions in 2009. The BAE for trade
in final products is 12.90million tons, the BAE for trade in intermediate
products for the last stage of production is −29.27 million tons, and
the BAE for the narrowly defined global value chain related trade is
−14.54 million tons. This highlights that China–Australia trade reduces
global emissionsmainly through the international trade in intermediate
products.
3.2.3. National perspective
Different countries specialize in different stages of international

production. This section evaluates the environmental effect of each
country's trade linkages with the world from the perspectives of the
balance of embodied emissions and the balance of avoided emissions.

Table 4 presents the environmental effect of each country's gross
international trade activity. The BEE show the impact of international
trade on each country's direct emissions, and the BAE show the effects
of international trade on global emissions. According to the sign of
BEE and BAE of gross trade flows, these countries can be divided into
four types. The first type is corresponding to positive BEE and BAE
and promotes both domestic and global carbon emissions. China and
Russia are the two representing countries, both of which have high car-
bon intensities and large trade surpluses. This means that products are
produced in a country with comparative environmental disadvantages;
therefore, both the BEE and BAE are positive, which is the least desirable
condition. Liu et al. (2016b) find a positive balance of embodied emis-
sions and a negative balance of avoided emissions of China with the
rest of world. The different results of the manuscript and Liu et al.'s
study (2016b) can be explained from twoperspectives. First, twopapers
adopt different methodology. Liu et al.'s study (2016b) adopts single-
regional input–output (SRIO) model, and the manuscript adopts the
multi-regional input–output (MRIO) model. The SRIO model has the
transparency property, while the MRIO model is suitable to reflect the
global production fragmentation, which is becoming more and more
important. Second, Liu et al.'s study (2016b) focuses on greenhouse



Table 4
Environmental effects of different trade patterns of each country in 2009 (million tons).

Countries

BEE BAE

T_f T_i T_g T_total T_f T_i T_g T_total

Australia −33.15 −9.63 4.00 −38.78 6.05 −35.18 −23.44 −52.57
Austria −11.62 −9.73 −13.21 −34.56 −1.77 −3.87 1.27 −4.38
Belgium −12.63 −4.73 −38.14 −55.51 −1.00 −8.72 6.18 −3.53
Bulgaria 3.66 2.39 0.18 6.22 −0.95 0.70 1.51 1.26
Brazil −14.68 −22.70 2.99 −34.39 2.85 −3.25 −4.57 −4.96
Canada −34.75 18.20 −11.23 −27.78 9.38 −0.81 1.84 10.41
China 625.10 250.23 187.42 1062.75 140.88 −104.77 −21.10 15.00
Cyprus −0.82 −1.28 −0.45 −2.55 −0.81 −0.37 −0.01 −1.18
Czech Republic 2.41 4.41 −6.42 0.40 −1.28 −0.73 2.34 0.33
Germany −71.29 −20.63 −76.81 −168.73 −26.33 −55.55 0.58 −81.30
Denmark 3.07 17.20 −4.32 15.95 −5.60 −11.47 0.36 −16.72
Spain −17.44 −26.27 −12.91 −56.62 1.48 −1.19 1.04 1.33
Estonia 1.07 1.30 0.25 2.63 −0.74 −0.92 −0.67 −2.33
Finland −3.20 −4.22 −7.23 −14.65 −2.13 −1.76 2.38 −1.51
France −50.75 −55.81 −36.78 −143.33 −4.38 −10.00 0.36 −14.02
United Kingdom −47.21 −17.55 −8.84 −73.60 −3.60 −3.68 2.87 −4.40
Greece −7.55 −12.93 −1.74 −22.22 −5.78 −21.86 −8.52 −36.17
Hungary −1.26 −1.66 −8.90 −11.82 −1.75 −0.38 2.34 0.22
Indonesia 0.78 3.79 12.31 16.88 4.89 −14.64 −8.99 −18.74
India 42.65 −6.00 6.12 42.77 30.23 −48.59 3.83 −14.54
Ireland −6.24 −5.52 −15.15 −26.91 −6.00 −6.84 1.20 −11.64
Italy −14.59 −70.11 −30.88 −115.58 −12.04 8.46 5.23 1.64
Japan −70.20 −87.02 −15.17 −172.39 9.24 −52.68 −22.41 −65.85
Korea 26.58 31.56 −44.01 14.12 −2.57 −71.69 −64.66 −138.92
Lithuania −2.23 −1.69 −4.32 −8.24 0.06 0.06 1.41 1.53
Luxembourg −1.23 −0.28 −4.02 −5.53 −0.78 −3.59 0.21 −4.16
Latvia −0.84 −0.86 −0.76 −2.46 0.00 0.20 0.30 0.49
Mexico −8.12 −4.00 −19.25 −31.37 2.93 0.99 4.38 8.30
Malta −0.35 −0.06 −0.37 −0.78 −0.19 −0.36 −0.24 −0.79
Netherlands −3.29 1.59 −39.55 −41.24 −1.94 −6.59 10.88 2.36
Poland 14.91 4.32 2.19 21.41 0.11 −0.69 1.58 1.01
Portugal −1.93 −2.57 −1.66 −6.16 −1.03 −1.08 −0.18 −2.29
Romania 0.22 −2.97 1.09 −1.66 −0.49 −0.50 0.40 −0.59
Russia −17.50 223.80 193.23 399.53 −48.58 44.25 57.52 53.19
Slovak Republic −1.55 −0.94 −4.71 −7.20 −0.79 1.02 2.50 2.74
Slovenia −1.22 −0.32 −2.29 −3.83 −0.95 −0.27 0.59 −0.63
Sweden −10.09 −5.04 −17.12 −32.25 −3.63 −9.01 0.81 −11.82
Turkey −11.51 −0.93 −0.60 −13.03 3.82 0.24 1.78 5.84
Taiwan 12.86 52.24 −6.08 59.03 3.01 −39.14 −52.49 −88.62
United states −255.10 −229.74 15.61 −469.23 59.71 14.12 −3.71 70.13
Rest of world −20.97 −5.85 7.51 −19.31 −5.94 −291.28 −119.50 −416.72
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gas emissions, which includes carbon emission, methane emission, and
so on. However, the manuscript only discusses carbon emissions.

The second type has negative BEE and positive BAE, and the repre-
sentative country is the USA. The USA imports a large number of prod-
ucts from countries with relatively higher carbon intensities, such as
China. For instance, Davis and Caldeira (2010) note the dominant
carbon transfer is from China to the United States. The international
trade contributes to emissions savings in the USA but results in a greater
increase in carbon emission of the other developing countries. There-
fore, the international trade of the United States would result in greater
global emissions. The most desirable condition is that the international
trade of a country, which belongs to the third type, contributes to a de-
crease in both domestic and global carbon emissions. The two representa-
tive countries are Germany and Japan, both of which have comparatively
green technology and export oriented economies. The international trade
of countries belonging to the fourth type promotes domestic direct
emissions but generates global emissions savings, such as Taiwan. As
noted byDavis and Caldeira (2010), Taiwan is a net exporter of embodied
emissions. Therefore, international trade promotes the direct emissions of
Taiwan. A large share of exported products of Taiwan are transferred to
China that has a relatively larger carbon intensity. Thus, the international
trade of Taiwan would reduce China's carbon emissions obviously and
generates global emissions savings.

Countries specialize in different stages of international production
and have different international trade structures and carbon intensities.
This study further explains the environmental effect of each country's
involvement in global value chains from the perspective of three differ-
ent trade patterns. From the perspective of the trade in final products,
China is still located corresponding to positive BEE and BAE, while
Russia faces negative BEE and BAE. This is because Russia imports a
large quantity of final products from foreign countries with relatively
low carbon intensities. It should be noted out that the trade in final
products of India has the same characteristic as that of China, which
contributes to an increase in both national direct and global emissions.
This highlights that these two countries should pay special attention
to the international final products trade. From the perspective of trade
in intermediate products for the last stage of production, China is corre-
sponding to positive BEE and negative BAE, which is consistentwith the
result of Liu et al.'s study (2016b). China imports large scale of interme-
diate products from other countries with lower carbon intensity for
industrial production, the production of which generate less emissions
than the condition that imported products are produced in China. In
contrast to China, Russia exports a large volume of rawmaterials to for-
eign countries for further processing,which contributes to both national
direct and global emissions. From the perspective of narrowly defined
global value chain related trade pattern, Russia has a significant positive
balance of avoided emissions, while many countries' positions in global
value chains generate emissions savings, such as Korea, Taiwan, Japan
and China. This is consistent with the above conclusion that global
value chain related trade generates global emissions savings. However,
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the direct carbon emissions of developing countries such as China and
Russia would increase for global production fragmentation, and devel-
oped countries such as Germany and Korea would generate a domestic
carbon reduction. Briefly, there are significant differences in the envi-
ronmental effects of different trade patterns for each country.

4. Conclusions

With the development of global value chains, global production
fragmentation is reshaping the international trade pattern, and coun-
tries specialize in different stages of international production. This
study splits the bilateral trade into three different trade patterns, parcels
the pollution haven hypothesis into a multi-regional input–output
analysis, and discusses the environmental effects of global production
fragmentation. The main results and policy implications are summa-
rized below.

This study disaggregates each country's direct emissions into the
part associated with pure domestic economic activities and the part
related to different trade patterns. We find that the share of emissions
induced by international trade increased gradually and reached a peak
in 2008. If we neglect the influence of the financial crisis in 1997 and
2008, the share of emissions embodied in global value chain related
trade is increasing gradually, while the trade in intermediate products
for the last stage of production still corresponds to the largest share of
embodied emissions. A structural decomposition analysis shows that
the carbon intensity change is a negative driver of the change in embod-
ied emissions, while the change in trade scales tend to positively con-
tribute to embodied emissions. Regional comparisons show that there
are significant differences in the shares of different nations' emissions
that are induced by different economic activities, which has a close rela-
tionship with each nation's portion in the global value chains.

This study extends the literature (Arce González et al., 2012; López
et al., 2013a; López et al., 2013b; López et al., 2013c) and proposes a
new method, which focuses on emissions that are induced by exports
only through domestic economic linkage, to parcel the pollution
haven hypothesis into the multi-regional input–output analysis. We
find that the international trade corresponds to negative balances of
avoided emissions over 1995–2009. In the absence of international
trade, global carbon emissions would increase by 822.61 million tons
in 2009, even though the international trade became less environmen-
tally friendly after the shock of the economic crisis in 2008. The trade
in final products became increasingly less environmentally effective
for 1997–2009 because downstream production gradually shifted to
developing countries with higher carbon intensities, such as China.
From a bilateral perspective, the largest net carbon flow is from China
to the USA through the trade in final products, which corresponds to
a positive balance of avoided emissions. From national perspective,
there are significant differences in the environmental effects of different
trade patterns for each country.

The policy implication of this study is that global production frag-
mentation is reshaping the international trade pattern significantly,
and the environmental provisions in the international trade agreement
should not only focuses on the fast-developing trade in intermediate
products but also be targeted at the traditional trade in final products,
which has become less environmental effective. The environmental
provisions should be based on the emissions generated in the full pro-
duction process. For instance, border carbon adjustments (e.g. carbon
tariffs on imports and rebates to exporters) should be targeted at the
direct and indirect emissions generated in the production of traded
products. In addition, the government should balance the economic
development and environmental protection, during the process of im-
proving a country's position in the global economy.

There are several potential extensions of this study that are worthy
of pursuit. First, this study adopts “monetary data” to estimate the
BAE, which may lead to some bias because the price difference among
different countries (Liu et al., 2016b; Tukker et al., 2013). Arto et al.
(2014) recommend the physical approach. The future studies are
expected to discuss how serious is how sensitive is the result to the
price difference. Second, the domestic technology assumption adopted
by this study assumes that imported products are produced with
domestic technology assumption. However, the importers may not
have the technology and natural resources to produce the imported
products. The future related studies are expected to consider technology
assumption and resource endowment (e.g., Duchin and López-Morales,
2012; Strømman et al., 2009). Third, there exist different multi-regional
input–output databases for this study, such as WIOD, Eora, and GTAP.
These databases have different characters (please refer to Owen's
study (2015)). It is suggested that future studies could apply the
proposed method of this study to other databases and compare the
calculation results.
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