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Globalization and international trade has strongly affected world’s economy in the recent decades. The importance of
emissions loads distribution between countries participating in the supply chains is steadily growing. In the highly
fragmented global supply chain structure, with the consumption and production separated geographically and politically,
it is difficult to capture the distribution of carbon emission burden within the global production processes. Several recent
scientific studies have emphasized that CO2 emissions embodied in international trade processes should be addressed. The
CO?2 emissions up to now are mostly evaluated on the base of domestic emission accounts. To address this research gap,
our study applies multi-regional input-output (MRIO) method for the estimation of the CO2 emissions embodied in the EU
clothing imports. The study evaluates carbon emissions of the EU clothing imports and provides suggestions for companies
and policy makers. Our results show, that the EU has not reduced COZ2 emissions but instead has outsourced them. MRIO
and triangulation methods were used to evaluate the EU clothing sector embodied carbon emissions in imports from 2000
to 2016. CO2 emission reduction goal can be achieved by implementing the proposed consumption based emission
accounting framework additionally to the country’s emission inventory. Our results may help businesses and policy makers
to establish more efficient strategies towards the EU’s carbon emissions.
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Introduction

Inefficient economic growth in the last decades
increased the pressure on the environment and has
negatively affected global climate change (IPCC, 2018).
Sustainability refers to achieving a good life for all people
within ecological limits of a finite planet (Jackson, 2011).
Studies agree that the main drivers influencing
environmental impacts are globalization, and consumption
pattern changes in developed countries (Simas, Golsteijn,
Huijbregts, Wood, & Hertwich; Xu & Dietzenbacher,
2014). Economically developed countries with affluent
consumer’s lifestyles, have environmental impacts on the
macroeconomic structures (Lenzen, Moran, Kanemoto,
Foran, Lobefaro et al, 2012). The number of studies,
analysing CO2 emissions, outsourced from developed to
developing countries, are increasing, and more and more
studies find that globalization and international trade
development has led to the shift of pollution into developing
countries, which use heavy industry to accelerate their
growth (Davis, Peters & Caldeira, 2011). Moreover, energy
intensive industries can move the production into different
countries with lower restrictions and energy costs and then
export the production to more restricted countries. In this
way emissions can be reduced in one country while directly
increased in another one. This issue in the scientific
literature is called a “carbon leakage” problem.

There is more and more scientific research addressing
“carbon leakage” problem and proposing consumption
based method as a solution for CO2 emission mitigation
(Afionis, Sakai, Scott, Barrett & Gouldson, 2017,
Fernandez-Amador, Francois, Oberdabernig, & Tomberger,
2017; Davis & Caldeira 2010; Davis et al., 2011; Liu, 2015;
Steininger, Lininger, Meyer, Munoz, & Schinko, 2015).
Until now, many countries follow traditional trade
accounting determined by the Intergovernmental Panel on
Climate Change (IPCC). The consumption-based approach
in scientific literature was used applying the Sustainable
Development Goals (2015) developed by the United
Nations (UN). The EU has developed the Sustainable
Development Goals in the 2030 UN Agenda, to create low-
carbon consumption and production (EC, 2016). China
states that producer is not the only one responsible for the
emissions, and consumers should take their responsibility
(Leggett, 2011). According to Xu, Mu, & Wang (2017), the
usage of traditional emission accounting statistics, which is
based only on territorial emissions, might lead to significant
miscalculations. Previous studies in the scientific literature
haves addressed the problem of increasing global emissions
in exports (Andrew, Davis, & Peters, 2013; Caldeira &
Davis, 2011; Hertwich & Peters, 2009; Nakano, Okamura,
Sakurai, Suzuki, Tojo et al., 2009; Peters, Marland, Le Que,
Boden, Canadell er al, 2011). Studies have used
consumption-based accounting method to account all
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emissions from international supply chains in global
economy and have employed Global MRIO models for
estimating emissions embodied in trade (Davis, Peters &
Caldeira 2011; Deng & Xu 2017; Peters, 2008; Wiedmann,
2009). Input-output tables are highly detailed as they are
extended with data by sector which enables carbon emission
calculations within countries (Tukker, Huppes, Guinée,
Heijungs, Koning et al., 2006). To strongly contribute to the
problem of environmental impacts in consumption, the key
approach for embodied environmental impacts assessment
is consumption based approach method (Hamilton, Ivanova,
Stadler, Merciai, Schmidt et al., 2018; Wood, Stadler,
Simas, Bulavskaya, Giljum et al., 2018). Feng, Davis, Sun,
Li, Guan et al. (2013) estimated that in 2005 around 30 %
of CO2 emissions were due to export production.
Wiedmann, Wood, Lenzen, Minx, Guan et al. (2008) found
that between 1992 and 2004, the UK’s emissions have
actually increased by 12 %, instead of decreasing by 5 % as
it is showed in its domestic emission inventory. Besides,
country’s growing demand was supplied by highly intensive
carbon emission imports. Davis & Caldeira (2010) found
that 23 % of carbon emission flows worldwide were
embodied in exports from developing countries, as China,
to developed countries.

The EU imports create higher environmental pollution
implications than exports, emphasizing environmental
impacts outside the EU boundaries related to the EU
imported goods (Corrado, 2020). Many studies
(Munksgaard, Minx, Christofferson, Pade, & Suh 2007;
Wilting & Vringer 2007; Lenzen, Pade, & Munksgaard,
2004) have criticized United Nations Framework
Convention on Climate Change (UNFCCC) due to its usage
of production based accounting and suggest the
implementation of consumption based method into the
national emission inventory. According to Fezzigna (2019),
consumption based emission accountability implementation
is very important achieving carbon emission mitigation
goals and helps estimate the emissions assigned to the final
consumer. However, as it is shown in Intergovernmental
Panel on Climate Change (IPCC) criteria, consuming
countries don’t take the responsibility for the emissions
emitted by exporting countries. The MRIO method is the
appropriate instrument for the estimation of consumption
based carbon emissions and other environmental impacts
(Ali, 2017). MRIO is recognized as the right method for the
estimation of environmental implications caused by
economic activities from the final consumer perspective
(Peters, 2008; Wiedmann, 2009). Moreover, recent studies
confirm that MRIO method is an appropriate tool for
calculating emission transfers embodied in trade between
different economies (Duan & Jiang, 2018; Su & Ang, 2014,
Sun, Li, Qiao, & Zhang, 2017). Several studies employed
MRIO method to study emissions in international trade and
found large amounts of involved carbon emissions transfers
in trade (Zhong, Jiang & Zhou, 2018; Zhu, Shi, Wu, Wu, &
Xiong, 2018). Liu (2016) applied input-output method in his
research and found large amounts of carbon emissions
embodied in China’s exports.

There are two key methods in the scientific literature to
measure emissions embodied in trade, namely, Life Cycle
Analysis (LCA) and input-output method. However, LCA is
more useful in the analysis of microscopic quantification

and requires data integration which limits the use of LCA
methodology, while input-output method properly reflects
dependencies between sectors and products as its data
requirement is low. However, several studies mention some
limitations regarding the MRIO framework due to various
uncertainties in emission, currency conversion, aggregation
and international trade data. Besides, MRIO tables
arrangement process is complex and consumes large
amounts of time in order to collect and process the data
(Andrew, Peters, & Lennox, 2009; Lenzen, Wood, &
Wiedmann, 2010; Wilting, 2012).

This research employs high-resolution and highly
detailed world input-output environmental accounts
database with harmonized supply and symmetric input-
output data-series, which are the main source of data for this
study. MRIO data tables are high sector detailed covering
187 countries and 15,909 sectors with not interpolated or
proxy-estimated time-series, which ensures a more
significant, detailed, explicit and accurate data (Kanemoto,
Moran, Lenzen, & Geschke, 2014). Our study adds to the
research gap in the literature proposing a new carbon
estimation approach in clothing industry. Study reveals how
increasing international trade and world trade liberalization
for textile products influenced the EU embodied carbon
emissions between 2000 and 2016. Globalization process
lead to the removal of world trade quotas for textile and
clothing goods, what led to the movement of production into
developing countries (Los, Timmer, & de Vries, 2014). The
EU textile and clothing sector is a major example, affected
by consumption and production fragmentation and its
location changes implications on production and
consumption system (Dunford, 2014; Dicken, 2011). We
limit the scope of the analysis to the three major EU’s textile
import partners (China, India and Turkey), which compose
around half of the total textile imports.

Methodology

Input-output methods have been widely applied to
analyse environmental problems, relationships between
sectors and embodied carbon in trade. As Peters & Hertwich
(2008) state, MRIO tables can be used in order to estimate
economic inter-dependences among economic activities and
carbon emissions.

The traditional input-output model can be described as
the following equation:

X =AX +Y* €))
and transforming the expression we get:
X =(U-A4A)"1rr (2)

where X represents the column vector of the total output
of sector, A represents direct consumption coefficient
matrix with data in intermediate use, Y denotes the column
vector of final demand of sector. (I — A*)is the Leontief
inverse, which is total consumption coefficient. Analysing
world multi-regional input-output method, direct carbon
emission coefficient 8 in a specific i sector of specific r
country or region can be expressed as:

pr

0/ = X—} (3)
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Where P represents direct CO2 emissions in sector i of
country or region r. X represents the total output in sector i
of country or region r.

After combining direct CO2 emission coefficient with
Leontief inverse matrix, the total CO2 emission coefficient
can be expressed as:

A=0(-A)7" 4

By multiplying the trade volume Y in sector i of country
or region r by total CO2 emission coefficient A, carbon
emissions in trade are calculated. From Eq. (5) and (6) we
can obtain the carbon emissions through the exports or
imports in sector i of country or region 7.

CE=60(—-A)"1re (5)
Cl=Y0"(I - A 1yim (6)
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In our study we use data only for textiles and clothing
sector with 2 regions — Europe and Asia region (China,
Turkey and India), which are 30 countries in total.

Results

Globalization processes in clothing industry began to
develop more rapidly after the removal of world trade
quotas for textile and clothing products (Adhikari &
Yamamoto, 2007). This trade liberalization allowed moving
the textile and clothing production into developing
countries. Our study results show that in textile industry
higher growth of EU CO2 imports quantities was observed
just after the removal of world trade quotas for textile and
clothing products in 2002 (Figure 1). Our results reveal that
carbon emissions embodied in the EU textile and clothing
imports growth was fastest from China, which were only
3032 kilotons of CO2 in 2002 (before the trade quotas
removal) and just in three years grew up to 6877 kilotons of
CO02 in 2005 and up to 8965 kilotons of CO2 in 2008.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

EU Carbon Emissions Import from China esessE1] Carbon Emissions Import from India

=== LU Carbon Emissions Import from Turkey

Figure 1. EU Import of CO2 in Textile and Clothing Industry from its Main Trade Partners, in 2000-2016. Unit: Kilotons

The peak of CO2 emissions in imports from China was
reached in 2008 (8965 Kt of CO2), just before the financial
crisis. After 2008, imports embodied emissions dropped and
had a decreasing trend, partly due to the decrease in final
consumption for textile goods after economic crisis and due
to technology improvements in China. As is shown in Table
1, embodied in the EU textile imports carbon emissions
from China increased from 2000 to 2008 by 252 %. India
and Turkey are among the main EU trade partners in textile
sector, however as our calculations revealed, their amounts
of embodied carbon emissions in exports were not very
significant, when compared to China’s.

Estimated embodied CO2 emissions in imports to each
of the EU member state show that the largest embodied CO2
emissions imports contributors were United Kingdom and
Germany, followed by Italy, France and Spain. As is shown
in Figure 2, the growth rate of the EU embodied emissions
between 2002 and 2005 was mainly driven by United
Kingdom and Germany. In other words, the world trade

quotas removal for textile goods in 2002 had very large
impact on embodied in textile CO2 import growth and the
largest amounts of this growth were due to the import of
textile goods into United Kingdom and Germany.
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Figure 2. EU CO2 Imports from its Biggest Trade Partner — China, Changes by Country in 2002 and 2005. Unit: Kilotons

Study results show that in 2008, when import of CO2
emissions achieved the peak of growth before the financial
crisis, United Kingdom composed 22 % and Germany 21 %
of the total CO2 imports in the EU textile sector (Figure 3).
Therefore, just United Kingdom and Germany alone
contributed to around 43 % of total EU CO2 emissions
embodied in imports from China, which is the largest EU
imports partner in textile sector. France and Italy

contributed 13 % each, and Spain — 9 % of the total EU
embodied carbon emissions in 2008. United Kingdom,
Germany, Italy, France and Spain are the main carbon
emission contributors, which form around 78 % of the total
EU carbon emissions embodied in the textile imports. The
rest of the European countries contributed around 22 % of
total carbon emissions embodied in the imports.

B DEU
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FRA

B Other EU

Figure 3. Break Down of Emissions Embodied in the EU textile and Clothing Sector Imports in 2008 from China, by EU Country.
Unit: Kilotons
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In Figure 4 we can see that Germany’s domestic CO2
emission decrease trend is similar to the CO2 emissions
embodied in imports increase trend. This suggests that
instead of reducing carbon emissions, Germany shifted the
CO2 production outside. In 2016, CO2 emissions, produced
by Germany’s textile and clothing sector, composed 671
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kilotons, while the imported emissions composed 2087
kilotons. Germany’s carbon emissions in textile and
clothing industry, calculated including the emissions
embodied in imports, were 311 % higher than calculated by
traditional (territorial) method.

China, India, Turkey

Import

omestic production

Germany

20002001200220032004200520062007200820092010201120122013201420152016

==$==[omestic emissions

Embodied emissions in imports

Figure 4. CO2 Emissions Produced in Germany’s Textile and Clothing Sector and Transfers to Germany from China, India and
Turkey, 2000-2016. Unit: Kilotons

Therefore, even if Germany officially achieved
emission reductions in textile and clothing sector, its
emissions embodied in imports from China, India and
Turkey analysis shows, that CO2 production was just shifted
abroad instead of being reduced. After world trade quotas
removal for textile goods in 2002, up to 2007, when
financial crisis started, Germany showed domestic emission
reductions, which decreased from 2965 to 1111 kilotons of

Domestic emissions

Domestic emissions

CO2 (166 % decrease). At the same time, carbon emissions
embodied in imports from China, India and Turkey
increased from 1773 to 2815 kilotons of CO2, in 2002 and
2007, accordingly (58 % increase). Germany’s carbon
emissions, including emissions embodied in imports,
composed 2758 kilotons of CO2 in 2016, from which 75 %
were emissions embodied in imports (Figure 5).

Emissions embodied in imports

Emissions embodied in imports

0% 10% 20% 30% 40%

B Domestic emissions

50% 60% 70% 80% 90%

100%

Embodied emissions in imports

Figure 5. Domestic CO2 Emissions Versus the Imported Emissions in the Textile and Clothing Sector of Germany, 2000 and 2016.
Unit: Kilotons

As a result, domestic carbon emissions have decreased,
while emissions abroad have increased. This paper only

estimates emissions embodied in the imports from the EU
top trade partners — China, India and Turkey. We estimate
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that the inclusion of the all emissions from the rest of the
world into Germany’s textile sector, would expose more
than twice bigger amounts of CO2. Indeed, while
Germany’s domestic carbon emissions in textile and
clothing sector decreased, its import related emissions from

its main trade partners increased by 29 % in the analysed
period between 2000 and 2016. Table 1 represents CO2
emissions embodied in the EU textile and clothing goods
imports from China, India and Turkey in 2002, 2005, 2008
and 2016.

Table 1
CO2 Emissions Embodied in the EU Textile and Clothing Product Imports from China, India and Turkey in 2002, 2005, 2008 and 2016
(Kt CO2)
2002 2005 2008 2016
CHN IND TUR CHN IND TUR CHN IND TUR CHN IND TUR
AUT 41 12 40 94 12 18 104 15 13 64 19 30
BEL 117 27 55 251 25 23 311 31 12 128 14 23
BGR 2 0 4 11 0 4 13 1 6 5 0 40
CYP 9 2 2 10 1 2 11 1 1 5 1 0
CZE 37 3 4 51 2 4 65 2 3 22 3 7
DEU 532 261 979 1462 210 480 1922 290 249 1022 290 581
DNK 52 20 40 117 23 27 154 31 16 77 26 40
ESP 209 70 59 564 100 75 823 129 71 516 119 271
EST 2 0 1 8 1 1 10 0 7 9 4 12
FIN 41 12 13 92 15 9 123 16 4 50 8 9
FRA 436 213 275 835 148 113 1117 198 65 565 154 106
GBR 723 362 596 1651 312 350 1990 383 159 1637 413 441
GRC 40 12 32 107 14 31 149 15 20 115 16 53
HUN 66 6 5 22 2 3 18 2 3 7 2 5
IRL 15 14 10 37 9 6 65 9 4 38 12 9
ITA 370 139 104 903 127 85 1116 158 62 594 108 131
LTU 2 1 2 8 1 3 17 1 2 13 2 11
LUX 2 0 0 3 0 0 4 0 0 6 0 1
LVA 3 0 1 7 0 1 13 1 1 9 1 10
MLT 3 1 1 3 0 1 7 0 0 5 0 0
NDL 130 60 114 263 37 66 363 50 32 339 54 96
POL 117 10 39 155 12 22 269 26 17 266 50 108
PRT 10 10 2 24 11 1 45 15 1 34 15 3
ROU 8 0 2 46 0 3 39 1 7 15 1 16
SVK 7 2 2 14 4 2 31 6 3 18 12 14
SVN 5 1 3 12 1 2 28 2 2 40 2 4
SWE 52 30 29 127 23 26 156 30 13 127 31 40
Total ES: 3032 1269 2415 6878 1089 1355 8965 1416 772 5678 1359 2063

Table 2 represents emissions coefficients in kilotons of
CO2 per million of dollars of textile and clothing products
for Germany, as well, as China, India and Turkey.
Germany’s carbon emission coefficients, comparing to its
trade partners, in most of the analysed period, are the lowest.

Germany’s import related carbon emissions from
China, India and Turkey have higher emissions coefficients
than domestic production. China showed highest emission
coefficients, while, at the same time, it is the largest import
partner of Germany. China’s carbon emission coefficient in
textile and clothing sector has improved from 0.45 in 2000

to 0.17 in 2015, what mainly contributed to EU’s embodied
emissions decrease after 2008 (Figure 1). Germany’s carbon
emission coefficient has dropped from 0.22 in 2000 to 0.043
in 2015. Comparing China’s and Germany’s emission
coefficients we can see that even if China has improved its
production efficiency, comparing to Germany, it still
requires 4 times more carbon emissions to produce one unit
of output of textile and clothing goods. For Germany
choosing the right import partner or producing locally might
help reducing CO2 emissions in the sector.

Table 2

Carbon Emission Coeftficients in Textile and Clothing Sector of Germany and its Main Import Partners

2000 2005 2010 2015

DEU 0.22 0.12 0.07 0.04

CHN 0.45 0.34 0.23 0.17

IND 0.38 0.19 0.15 0.20

TUR 0.18 0.12 0.08 0.14
Conclusions emissions in imports has increased three times, from 3032

1. Our results show the increase of emissions embodied
in the European clothing industry imports, especially after
the world trade quotas for textile goods removal in 2002.
From 2002 up to economic crisis in 2008 embodied

kilotons to 8964 kilotons of CO2 emissions.

2. Financial crisis of 2008 has reduced the quantity of
embodied in the EU imports CO2 emissions, together with
the reduction of the EU textile import and consumption. Our
study results show that significant amounts of CO2
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emissions in the EU textile and clothing sector were
outsourced abroad, causing carbon leakage problem.

3. The estimation of the carbon emissions embodied in
textile imports for each EU country allowed determining
that United Kingdom and Germany had the largest impact
on the EU CO2 emission embodied in imports, together
creating the 43 % of the total CO2 import in 2008. Our
results also show that the major drivers of embodied CO2
emissions growth were the trade quotas for textile products
removal in 2002 and therefore the increased consumption
for textile products, imported from China into the EU
(mostly into the UK and Germany).

4. The study also revealed that between 2000 and 2016
Germany’s domestic CO2 emissions have declined over
time. However our results suggest that the reduced domestic
emissions were simply replaced by imported ones, thus
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