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a b s t r a c t

With the signature of the free trade agreement, trade ties will develop rapidly between China and South
Korea. Based on inputeoutput model, this paper calculates and decomposes the embodied carbon
emissions in the trade between China and South Korea from 2000 to 2010, analyses the reasons and gives
some future advices. This paper suggests that the embodied carbon emissions surplus is not caused by
trade surplus. It further points out that textile and leather industries, chemical manufacturing industries
and metal manufacturing industries are three main sectors contributing to imported and exported
embodied carbon emissions. In addition, the trade diversion between China and South Korea helps a lot
in reducing the global carbon emissions and eases the pressure of carbon emissions in China. This paper
also proposes that China should learn advanced technologies from South Korea and reduce carbon-
intensive energy consumption in the future.
Copyright © 2016 Turkish National Committee for Air Pollution Research and Control. Production and

hosting by Elsevier B.V. All rights reserved.

1. Introduction

Carbon emission, which is one of the core issues in the 2015
Paris Climate Conference, has been a growing problem around
world. As the biggest carbon emitter, China of course has re-
sponsibility to control carbon emissions. However, due to the high
level of foreign trade volume growth, China has emitted more
carbon linked to production for export (Weber et al., 2008; Du and
Zhang, 2012; Liu et al., 2015), which is called embodied carbon
emissions. With the development of foreign trade, China faces a
huge challenge of reducing carbon emissions.

Voluminous researches have been carried out on embodied
carbon emissions, and the inputeoutput model put forwarded by
Leontief becomes the dominant research method (Leontief, 1936,
1941). Initially this method was used to analyze the relationship
between inputs and outputs in economic field. By the 1960s, some
researches began to apply this model to energy and environmental
field (Daly,1968; Isard et al., 1968; Ayres and Kneese,1969; Leontief,
1970). Wyckoff and Roop's (1994) paper calculated the total carbon
emissions embodied in manufactured imports of six OECD

countries (Canada, France, Germany, Japan, United Kingdom and
the United States), and the amount of carbon was 300 MtC, which
was about 13% of the total carbon emissions.

Considering the different assumptions, the inputeoutput model
is usually divided into two types: single-regional inputeoutput
(SRIO) model (Shui and Harriss, 2006; Dietzenbacher and
Mukhopadhyay, 2007; Li and Hewitt, 2008) and multi-regional
inputeoutput (MRIO) model (Kanemoto et al., 2012, 2013; Moran
et al., 2013; L�opez et al., 2013; Feng et al., 2013; Liu et al., 2015).
For the MRIO model, Peters' (2008) paper treated it as two ap-
proaches: emissions embodied in bilateral trade (EEBT) approach
and MRIO approach (Su and Ang, 2011; Jiang and Liu, 2013; Zhang
et al., 2014). The EEBT approach only considers total direct trade
between two regions concerned and employs SRIO tables of each
region, while the MRIO approach considers the global production
systems with MRIO table.

As one of the classical studies on this issue, the Pollution Haven
Hypothesis (PHH) shows that developed countries tend to transfer
energy-intensive production to developing countries with low
salaries and energy costs (Copeland and Taylor, 1994, 2004), which
turns the latter to be pollution haven. However, there are also some
researches cannot confirm the PHH (Dietzenbacher and
Mukhopadhyay, 2007; Li and Lu, 2010; Tan et al., 2013). Some
previous researches on PHH in China's international trade also have
different opinions. L�opez et al.'s (2013) paper confirmed the
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existence of PHH between Spain and China while Tan et al.'s (2013)
paper concluded that the PHH didn't hold in ChinaeAustralia trade.
And Zhang et al.'s (2014) paper calculated national balance of CO2
emissions in China and found that the PHH only holded in 2002. In
addition, Arce et al.'s (2016) assessed the change of global carbon
emissions occurring when China's trade is replaced by other
developing country, which concludes that it will generate emis-
sions savings.

Recently, there are more and more researches have analyzed
embodied carbon emissions issues of China (Guan et al., 2009,
2014; Peters et al., 2010; Huang and Jiang, 2010; Feng et al., 2012,
2013; Lin et al., 2014; Yuan and Zhao, 2016). They concluded that
a large proportion of China's carbon emissions was due to foreign
consumption, which means China is a net exporter of embodied
carbon emissions, and carbon emissions comemainly from energy-
intensive industries (Ahmed and Wyckoff, 2003; Weber et al.,
2008; Peters and Hertwich, 2008; Guan et al., 2009, 2014; Gao
et al., 2011; Du and Zhang, 2012; Guo et al., 2012; Feng et al.,
2013; Yang et al., 2013; Lin et al., 2014; Liu et al., 2014; Zhang and
Tang, 2015). To decrease the emissions, China has to change the
export structure, improve the energy use efficiency and technolo-
gies (Guan et al., 2009; Du et al., 2011; Tan et al., 2013; L�opez et al.,
2013; Zhang et al., 2014; Yuan and Zhao, 2016).

In addition, several researches have conducted a hypothetical
scenario analysis to analyze the difference between the carbon
emissions in trade and the hypothetical emissions in no-trade
scenario (Shui and Harriss, 2006; Li and Hewitt, 2008; Liu
et al., 2010; Tan et al., 2013; Zhang and Hong, 2013). Some re-
searches show that international trade has increased global car-
bon emissions, including USeChina Trade (Shui and Harriss,
2006), and UKeChina Trade (Li and Hewitt, 2008). And other
researches show that it has decreased global emissions, including
JapaneChina Trade (Liu et al., 2010), AustraliaeChina Trade (Tan
et al., 2013) and China MainlandeTaiwan Trade (Zhang and Hong,
2013).

China and South Korea have signed a free trade agreement (FTA)
in Seoul on June 1st, 2015. According to the agreement, they will
eliminate tariffs gradually on 90 percent of all goods within 20
years, which can promote the development of bilateral trade. Since
the establishment of diplomatic ties in 1992, the relationship be-
tween China and South Korea has become closer. According to the
report of Ministry of Commerce of the People's Republic of China
(MOFCOM, 2015), the trade volume reached to $235.40 billion in
2014, demonstrating a 2.8% increase over 2013. To be specific, the
export volume from South Korea to China was $145.33 billion, and
the volume from China to South Korea was $90.07 billion, which
showed an increase of 8.5%. At present, China becomes South
Korea's largest trading partner, export markets and source of im-
ports. Korea becomes China's the third-largest trading partner,
behind the US and Japan.

The development of bilateral trade between China and South
Korea has accelerated the transfer of production and consumption
of their goods, and as a result, it leads to the redistribution of carbon
emissions. In recent years, the export volume from China to South
Korea has grown rapidly. In this regard, it is necessary to conduct a
further study on carbon emissions embodied in Sino-South Korea
trade and offer some suggestions.

In this paper, we choose the EEBT approach to calculate
embodied carbon emissions, and the reasons are as follows. On one
hand, this research analyzes the impacts of direct trade in two re-
gions, rather than considering the global production chains, which
indicates the EEBT approach is more suitable. On the other hand,
this paper is to provide an overview of carbon emissions embodied
in Sino-South Korea trade under the background of FTA, which
means MRIO approach is too complex.

The rest of the paper is organized as follows. Section 2 in-
troduces the methodology and data source. Section 3 presents the
further analyses and discussion on the results, which includes
inputeoutput analysis, decomposition analysis and hypothetical
scenario analysis, followed by conclusions and policy implications
in Section 4.

2. Methodology and data

2.1. Inputeoutput model

This paper employs IeO Model to calculate carbon emissions
(Leontief, 1936, 1941; Miller and Blair, 1985; Dietzenbacher and
Mukhopadhyay, 2007; Lenzen et al., 2010; Su and Ang, 2011),
which can be expressed as:

x ¼ Axþ y (1)

where x represents the total output, A represents the matrix of
domestic input coefficients, and y represents the final consump-
tion. And we can get:

x ¼ ðI � AÞ�1y (2)

where ðI � AÞ�1 is the domestic Leontief inverse matrix that shows
the requirement of total production for per unit of final consump-
tion and I is identity matrix. In addition, we defined
e ¼ ðb1; b2;/;biÞ as the vector of emissions coefficients of sectors,
so bi, the carbon emissions that sector i produces per unit of goods,
can be formulated as follows:

bi ¼
Xm

k¼1

fk
sik
gi

(3)

where fk represents the carbon emissions coefficient by using en-
ergy k, and there are m kinds of energy, gi represents the goods
produced in sector i, and sik is the consumption of energy k in sector
i.

Therefore, the “consumption-based” carbon emissions using the
EEBT approach embodied in the export from China to South Korea,
ca, can be expressed as:

ca ¼ esðI � AÞ�1a (4)

where es represents the row vector of carbon emissions coefficients
of Chinese sectors, ðI � AÞ�1 is Leontief Inverse Matrix based on
Chinese IeO table, and a represents the trade volume that China
export to South Korea. In addition, the carbon emissions embodied
in the trade that China imports from South Korea can be expressed
as:

cd ¼ e0sðI � AÞ�10
d (5)

where dmeans the trade volume that South Korea export to China,
es' represents the vector of carbon emissions coefficients of South
Korean sectors, and ðI � AÞ�10 is calculated by South Korean IeO
table.

2.2. Hypothetical scenario analysis

ca and cd mentioned above are under the circumstance of the
existence of Sino-South Korea trade. However, some researches
show that once there is no trade in bilateral trade, countries have to
produce imports domestically (Shui and Harriss, 2006; Li and
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