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Abstract

Input-Output Analysis of Emissions Embodied in
Swedish Imports from China, 1995-2009 

Pär Holmberg

With the growth of international trade many researchers are questioning the effects
on the environment by emissions embodied in international trade flows. The
embodied emissions in the import (EEI) and export of Sweden are relatively
unexplored despite being a trade-dependent country. However, a few earlier studies
indicate that the largest share of embodied CO2 in the international trade of Sweden
is in the import from China. 

This thesis evaluates Sweden’s EEI from China during the years 1995-2009 by using an
input-output analysis with the emissions in bilateral trade approach. Different from
existing studies, the sector distributions of the EEI are outlined with high transparency
and the driving factors for the change in EEI are identified by using a structural
decomposition analysis (SDA). 

Results shows that the EEI increased significantly from 1995-2009 and that the main
increase occurred during 2002-2007. The import of electrical and optical equipment,
textile products and renting of machinery and equipment contributed to the largest
share of the EEI. The EEI induced from the total import were mainly generated from
electricity, gas and water supply and other heavy industries.

Results from the SDA showed that the scale effect from increased imports from
especially heavy industries had a large influence on the growth in embodied CO2
emissions. The service sectors contributed to the second largest share of the increase
in the EEI due to scale and structural effects. The technical effect, on the contrary,
was markedly offsetting the increase of embodied CO2 emissions both for heavy and
light industries.
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Sammanfattning 
I och med ökningen av den internationella handeln har många forskare börjat diskutera de 
eventuella effekter på miljön som kan finnas kopplade till de allt större internationella 
handelsflödena. Ett mångdebatterat ämne är de inbäddade utsläpp som finns i de internationella 
handelsflödena. Med inbäddade utsläpp menas summan av de utsläpp som skett i samband med 
produktionen av en vara eller tjänst. Många forskare har påpekat att dessa inbäddade utsläpp i 
handeln kan lett till att internationella miljöavtal som Kyotoprotokollet varit ineffektiva. Detta 
eftersom länder med bindande klimatmål kan förflytta produktionen och utsläppen till länder 
med mindre strikta miljölagstiftningar. Eftersom dessa länder ofta har mer utsläppsintensiva 
produktionsprocesser leder det till en ökning av de globala utsläppen. 

De inbäddade utsläppen i svensk utrikeshandel är relativt outforskade till trots att Sverige är ett 
handelsberoende land och varit del av internationella klimatavtal som Kyotoprotokollet och 
klimatkonventionen (UNFCCC). De fåtal studier som finns har emellertid kommit fram till att 
den största delen inbäddade utsläpp i svensk utrikeshandel är kopplade till importen från Kina, 
till trots att Kina inte är en av Sveriges fem största handelspartners. Kinas situation är flitigt 
diskuterat på grund av deras exportberoende och då de anses att vara världens största 
utsläppskälla av koldioxid på grund av utsläppsintensiva produktionsprocesser 

Denna studie fokuserar på de inbäddade utsläppen i svensk import från Kina under åren 1995 
till 2009. Genom en input-output analys har dels de inbäddade utsläppen estimerats för varje 
år. Denna studie skiljer sig från tidigare rapporter rörande temat då den går ner ytterligare i 
detaljnivå än tidigare. Detta har skett genom identifiering av nyckelsektorer kopplade till de 
inbäddade utsläppen utifrån två perspektiv. Dels identifiering av de sektorer vars varor i 
Sveriges import från Kina som bidrar till de inbäddade utsläppen. Dels identifiering av vilka 
sektorer som direkt bidragit mest till de inbäddade utsläppen inducerade av Sveriges totala 
import från Kina. Utöver detta har också en structural decomposition analys utförts på 
förändringar i utsläppsnivåer och sektordistributioner. Detta för att identifiera de drivfaktorer 
som kan ligga bakom förändringarna.  

Studien visar att de inbäddade utsläppen i Sveriges import från Kina ökade kraftigt från 1995 
till 2009. Den kraftigaste ökningen kom under åren 2002-2007 för att sedan i samband med 
finanskrisen minska innan de återigen ökade. Importen av varor kopplade till sektorerna för 
tillverkning av elektronik, optiska instrument , textilier och textilprodukter stod för den största 
delen av de inbäddade utsläppen tillsammans med tjänstesektorn för uthyrning av maskiner, 
fordon och andra företagstjänster. Den sistnämndas varor (tjänster) visade på en kraftig ökning 
av den totala andelen av inbäddade utsläpp. Från att ha bidragit till en obetydlig del år 1995 
stod de importerade varorna från den tjänstesektorn för en av de största andelarna år 2009. El-
,gas-,vatten och värmeförsörjning var överlägset den sektor som generade mest av de inbäddade 
utsläpp i Sveriges totala import från Kina under åren 1995-2009.  



Structural decomposition- analysen visar att ökningen av inbäddade utsläpp i Sveriges import 
från Kina främst kan kopplas till import från tunga industrier och tjänstesektorer. För tunga 
industrier var det skaleffekten kopplad till ökad import som var drivfaktorn bakom majoriteten 
av ökningen i inbäddade utsläpp. För tjänstesektorerna var det dels ökad import men även 
ändringar i importkompositionen, dvs en större andel importerade tjänster i den totala importen, 
som bidrog till ökningen. Analysen visade även på ökad import från lätta industrier men att 
andelen av totala importen ändå minskade. Detta tillsammans med att utsläppsintensiterna 
minskade motverkade en total ökning från de lätta industrierna. Den tekniska effekt som är 
kopplad till intensiteten av utsläpp motverkande en del av ökningen även i de tunga industrierna 
och tjänstesektorerna.  
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Nomenclature 

Table 1. Abbreviations used in the thesis 

EEBT  Emissions Embodied in Bilateral 
Trade 

EEE  Emissions Embodied in the Export 
EEI  Emissions Embodied in the Import 

GDP Gross Domestic Products 
IOA  Input-Output Analysis 
IOT Input-Output Table 

ISIC rev.3  International Standard Industrial 
Classification of All Economic 

Activities, Revision 3 
LMDI  Logarithmic Mean Divisia Index 

MDI Mean Divisia Index 
PPP Purchasing Power Parity 
IPS Embodied emissions in the 

Imported Products of each Sector 
SDA  Structural Decomposition Analysis 
SIT Embodied emissions of each Sector 

Induced by the Total import 
WIOD  World Input-Output Database  
WIOT World Input-Output Table 
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1. Introduction 
With the growth of international trade and the ongoing globalization many researchers are 
questioning the effects on the environment from international trade flows. With several 
international negotiations that are prioritizing reduction of global emissions this is a matter of 
big importance. Embodied emissions refer to the sum of the emissions that is generated in the 
production of any goods or services and are often of interest in environmental effects from trade 
flows. Many researchers have indicated that emissions embodied in international trade threatens 
the effectiveness of international climate protocols as the United Nations Framework 
Convention on Climate Change and the Kyoto protocol (Munksgaard et al., 2005; Peters et al., 
2011; Peters and Hertwich, 2008).  One issue is that several developed countries tend to transfer 
polluting processes to non-developed countries that are not restrained by binding climate 
targets. In this way the developed countries can report reduced domestic emissions while the 
environmental expense is moved elsewhere, often to countries with more emissions intensive 
industrial processes, like for example China. According to Peters and Hertwich (2008), this has 
led to more environmental costs rather than the environmental savings that was the aim with 
the Kyoto protocol.  

With an economy highly depended on export and considered to be the world’s largest CO2 
emitter the role of China is often the focus in studies concerning embodied emissions in trade 
(See for example: Li et al., 2015; Liao et al., 2011; Liu et al., 2010; Ning, Ding and Li, 2015; 
Shui and Harris, 2006; Zhao et al., 2016). Studies have shown that the embodied emissions in 
the export of China have increased significantly and that the majority of the emissions is due to 
domestic energy intensive processes (Shui and Harris ,2006; Weber et al. 2008). The embodied 
emissions in the trade of Sweden, on the other hand, is relatively unexplored even though being 
a trade depended country. With reported reduction of domestic emissions and increased trade 
from countries as China, the role of Sweden need to be paid more attention when evaluating 
embodied emissions. The few existing published studies (Mundaca, Román and Cansino 2015; 
Naturvårdsverket, 2010; Statistics Sweden, 2014) concerning the topic have concluded that 
Sweden’s embodied emissions in especially the import have increased and more or less matches 
the reduction rate in domestic emissions. Statistics Sweden (2014) pointed out China as, by far, 
the largest contributor of the embodied emissions in Sweden’s import. This in despite of China 
not being one of Sweden’s five most important trading partners. These factors motivate a high-
resolution study on the embodied emissions in the bilateral trade of Sweden and China. 

This study focus on the embodied emissions in the import (EEI) from China to Sweden during 
the years 1995-2009 and contribute to existing literature with an in-depth investigation on a 
sector level. With help of the input-output analysis (IOA) and the structural decomposition 
analysis (SDA) framework this study includes embodied emission levels, sector distributions 
and the underlying factors for the changes during the years 1995-2009.  
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1.1 Objective  

With the knowledge of China being the largest contributor of the embodied CO2 emissions in 
Swedish import this study aims to extend existing studies and focus exclusively on the EEI 
from China to Sweden. The thesis has three main objectives; First, the total EEI from China to 
Sweden during the years 1995-2009 are to be estimated to evaluate the development over time.  

In addition to the total amount of embodied emissions, a main focus is to identify the sector 
distributions of the embodied emissions and how they changed over time. This is to be done 
from two sectorial perspectives. First by identifying the sector distribution of the products that 
were indebted for the imported embodied emissions. Second, identifying the sector distribution 
of the direct generation of the embodied emissions induced by Sweden’s total import from 
China. By doing so this study aims to address the key sectors coupled to the EEI.  

The third main objective is to identify the underlying driving factors for the potential changes 
in the estimated EEI levels on a sector level. This is done by a Structural Decomposition 
Analysis (SDA, see section 3.4 for explanation). By doing so this study aims to evaluate 
whether changes in Sweden’s total import or in the import composition may be coupled to the 
increase or decrease in the EEI levels. Or if technological changes in China was the main 
underlying factors for the potential increases or decreases in the EEI levels. 

Finally, due to the global financial crisis that occurred 2007-2009 a subsidiary objective is to 
extend the analysis to 2011 with extrapolation of the provided data. This is to be performed in 
order to investigate if the levels of the EEI was effected by the financial crisis.  

 Hence, the following questions are to be asked: 

� How much EEI from China to Sweden are to be found during the years 1995 to 2009 
and what trends can be distinguished? 

� During the same time period, how was the sector distribution of the imported products 
that were indebted for the largest share of the EEI from China to Sweden? 

� How was the sector distribution of the sectors that were indebted for generating the 
largest share of the EEI induced by the total import to Sweden from China during the 
years 1995-2009.  

� Which key sectors can be identified that were coupled to the EEI from China to Sweden 
during the years 1995-2009 

� With use of a SDA, which underlying driving forces can be find on a sector level for the 
changes in the EEI levels from China to Sweden during the same time period? 

� With the extrapolation, was there any changes in EEI trends and levels when extended 
time series to 2011 was used? 

1.2 Method and Data 

The method used to fulfil the objectives of the study is an environmental IOA extended with a 
bilateral trade approach. In addition to the fundamental IOA framework an environmental 
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model with the bilateral approach incorporates direct emissions intensities and bilateral trade 
data. This approach allows the model to include emissions from industrial production and fuel 
combustion both from intermediate and final use. A SDA has been employed in the case of 
identifying underlying driving factors behind the change in embodied emission levels. More 
specific the logarithmic mean Divisia index (LMDI) which is a well adopted method for 
evaluating a change in some aspect over time. To extend the IOA framework with a SDA is a 
common approach and widely represented in the IOA literature. 

The data used in this thesis is extracted from the World Input-Output Database (WIOD) which 
provides input-output tables (IOTs) for both China and Sweden during the years 1995-2001 and 
the database also includes Sweden-China bilateral trade data by so-called World input-output 
tables (WIOTs). WIOD also provides socio-economic and environmental accounts from where 
emission and price data have been extracted. 

1.3 Delimitations and Limitations 

This study only concerns the EEI from China to Sweden. This is due to earlier studies that 
indicate that the EEI from China is increasing more rapidly than the embodied emissions in the 
export (EEE). Hence, the exports are excluded to add more emphasising and detail to embodied 
emissions related to the import. Since this study treats EEI over time, one limitation is the data 
that can be found. This study concerns the years 1995-2009 since the environmental and socio-
economic accounts in WIOD only are provided for these years. A brief extended analysis to 
2011 was performed with extrapolation of earlier data but only included the total levels of 
embodied emissions due to uncertainties on a sector level. 

When concerning emissions, this study mainly has a focus on CO2 emissions since this is the 
most dominant pollutant and more common addressed in climate policies. However, when 
concerning total EEI levels and sector distribution the study also includes SOx and NOx 
emissions. But these are not included in the extended time-series to 2011 and the SDA is only 
adopted on the embodied NOx and SOx if the results from the IOA implies a different pattern 
than the embodied CO2 emissions.  
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2. Background 
The following chapter is presenting the context and background of which this study has its 
origins. The chapter outlines material and historical data related to the embodied emissions in 
the import (EEI) from China to Sweden. This includes a brief summary of embodied emissions 
in international trade and the implications that may be related. Furthermore, a brief summary 
of the domestic emission situation is presented for both the countries. The chapter also contains 
historical data for Sweden’s import from China so the EEI can be placed in a context. Finally, 
in the last section earlier studies that may be related or of importance to this study are presented. 

2.1 Embodied Emissions in International Trade 

Many researchers have tried to evaluate the environmental implications from the ongoing 
globalization and an increase in international trade. This is an important topic due to many 
reasons. Xu and Dietzenbacher (2014), for example, showed that the growth rate in embodied 
emissions in international trade in fact surpassed the growth of global emissions during the 
years 1995-2007. Since the international trade is increasing, the share of a country’s EEE and 
EEI is also increasing. This especially applies to countries that are depended on trade. For 
example, Wyckoff and Roop (1994) concluded early that the EEI from the largest OECD 
countries accounted for 13% of their total reported CO2 emissions. Some years later Peters and 
Hertwich (2008) made a similar investigation of 87 countries and concluded that the embodied 
CO2 in international trade was 21.5%.  

Another consequence is the climate policy implications that may result if much of a country’s 
emissions is embodied in trade (See Su et al, 2010). The policy implications are several, for 
example the fact that a country can reduce the reported domestic emissions and production by 
instead increasing the EEI and moving the environmental expense elsewhere (Munksgaard et 
al, 2005). This may of course have an insignificant effect on the global emissions if the emission 
intensities for the production in the corresponding country keeps the same levels as in the origin 
country. This is however rarely the case, instead developed countries tend to increase their 
import from non-developed countries where the direct emissions intensities for production 
processes tend to be higher (Ahmad and Wyckoff, 2003). 

Schaeffer and de Sá (1996) expressed concern that developed countries are outsourcing the 
emissions by relocating the manufacturing to developing countries with cheap production costs 
at the expense of the environment. This is a topic that is well debated among researchers and 
Xu and Dietzenbacher (2014) not only concluded that for many developed countries the EEI 
were greater than in the EEE, but also that the gap between the EEI and the EEE was becoming 
larger with time. This is meaning that these developed countries are so called net importers of 
CO2. On the other hand, a number of developing countries such as China, with many carbon 
intensive production processes, are net exporters of CO2 (Ahmad and Wyckoff, 2003). This is 
also leading to a geographic distance of the generation or production of the emissions and the 
point of consumption (Xu and Dietzenbacher, 2014). This is entailed by several issues and 
Munksgaard and Pedersen (2001) discussed whether it should be the producer or the consumer 

http://www.sciencedirect.com.ezproxy.its.uu.se/science/article/pii/S092180091000340X#bb0120
http://www.sciencedirect.com.ezproxy.its.uu.se/science/article/pii/S092180091000340X#bb0120
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that should be responsible for emissions generated from the production of goods and services. 
This outsourcing and spatial distances of the emission generations are difficult to handle in 
international climate agreements as the Kyoto protocol. 

The embodied emissions in international trade are intractable in the context of both national 
and international climate agreements and goals. This was early pointed out as a potential 
problem by Wyckoff and Roop (1994) who realized that many greenhouse policies may not be 
effective since they focus on reducing domestic emissions and exclude emissions from import. 
The Kyoto protocol, that was adopted 1997, may be a clear evidence of how embodied 
emissions can be unwieldy. The Kyoto protocol has been highly debated in terms of emissions 
embodied in trade and carbon leakage from countries with emissions-reduction commitments 
(Annex B countries in the Kyoto protcol). Both in the papers published by Peters et al. (2011) 
and Peters and Hertwich (2008) the shortcomings in the agreement are highlighted. One major 
issue is the fact that Annex B countries can reduce the domestic emissions in accordance with 
the binding climate targets, but that the global emissions still are increasing due to growth of 
emissions transfers coupled to international trade.  

2.2 The Case of Sweden 

The domestic emissions in Sweden keeps a relatively low level in a global perspective, both in 
total emissions and emissions per capita, and Sweden is included in several different 
environmental agreements. In a comparison of CO2 emissions per PPP $ of GDP it is clear that 
Sweden have kept low levels compared with the European union and world average, see Figure 
1. 

 

Figure 1. CO2 emissions per PPP $ of GDP for Sweden, the European union and the world 
average during the years 1995-2009. 

National emissions reports indicate that the domestic emissions are declining with a steady pace 
and the total emissions in Sweden decreased with around 25% during the years 1995-2009 
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(Statistics Sweden, 2014). According to annual national emission evaluations from the Swedish 
Environmental Protection Agency (2016), the decrease in emissions is mainly due to the 
switchover from oil to district heating and electricity in residential and industrial heating. 
Another reason for the reduction of emissions is more energy efficient vehicles and since 
domestic transport is accounted for about one third of the national emissions this has a potential 
big impact. However, the traffic has increased and counteracted which has resulted in a 
counterbalance.  

According to the report from the Swedish Environmental Protection Agency (2016) the 
industrial sectors, which are responsible for about a quarter of the emissions, have also 
demonstrated a significant decrease. Heavy industries as iron, steel, minerals and refineries 
owes the largest share of the emissions and the decrease in pollution is partly explained by the 
already mentioned fuel change. Less production and changing business cycle contributes further 
to the reduction of emissions, according to the emission inventory report from the Swedish 
Environmental Protection Agency. 

Annual reports with inventory reports on greenhouse gas emissions are required by agreements 
like the Kyoto protocol and the United Nations Framework Convention on Climate Change 
(UNFCCC) of which both Sweden is a participant. The efficiency of these international 
environmental protocols is well debated (Wyckoff and Roof, 1994; Peters et al., 2011; Peters 
and Hertwich, 2008) and one potential flaw in the protocols is the treatment of embodied 
emissions in international trade.  

Sweden is a trade-dependent country with 83% trade of the GDP at 2009 (the world bank, 2014) 
which means that the studies of emissions embodied in trade are of high relevancy. The share 
of EEE and EEI equalled to about 50% of the domestic emissions in a study completed by 
Wyckoff and Roop (1994). Furthermore, according to Statistics Sweden (2014) the EEI of 
Sweden increased with 25% during the time period 1995-2009, which pretty much 
counterbalanced the reported decrease in domestic emissions. During the same time period the 
levels of EEI surpassed the domestic emissions from final use. Statistics Sweden concluded that 
in an investigation of 40 countries that Sweden was only exceeded by Luxemburg in the share 
of CO2 emissions per capita from import. The import from other EU-countries owes the largest 
share of the embodied emissions but the portion of EEI from developing countries is 
demonstrating the fastest growth rate. The EEI from China is by far the largest portion 
demonstrated from one single country. According to Statistics Sweden (2014), EEI from China 
contributed to 14% of the total imported embodied emissions. This can be compared with 7% 
from Germany which is Sweden’s largest trading partner and by far exceeds China in import 
value.  

2.3 The Case of China 

Since the late 1970s, when China started to implement a series of economic reforms, the 
Chinese economy has been one of the fastest growing in the world. With a large export sector 
and a very high level of foreign direct investment China is often referred to as the “workshop 
of the world” (Li et al.2015). The high demand from all over the world for Chinese good has 
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resulted in a market pressure on cheap energy which in turn has accelerated the Chinese energy 
production and consumption. From, the major gross energy source in China being coal which 
is entailed by large portions of CO2 emissions. Combined with industrial processes that in many 
cases are far more energy-intensive than in more developed countries this results in high-level 
emissions (Li et al. 2015). 

 

 

Figure 2. Gross energy use (%) for China 2009 by energy commodity. Data extracted from 
WIOD environmental accounts (Gent, 2012). 

 

The World Bank (2012) provides data for CO2 emissions per PPP $ of GDP and when 
comparing China with other countries it is clear that the production of gross domestic products 
in China emits by far more than the world average. Figure 3 shows a time-line of CO2 emissions 
per PPP $ of GDP during the time period of interest in this study, i.e. from 1995 to 2009.  
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Figure 3. CO2 emissions per PPP $ of GDP for China and the World average during the years 
1995 to 2009. 

During the 2000s China became the world’s largest CO2 emitter by surpassing the United States 
and was during the late 2000s accounting for almost 20% of the global emissions (Michieka, 
Fletcher and Burnett, 2013). Emission related research has indicated that a large portion of the 
emissions are coupled to the production of goods for export. For example, Shui and Harris 
(2006) concluded that the production of goods to export contributed to around 13% of China’s 
total CO2 emissions in 2003. A couple of years later Weber et al. (2008) estimated that close to 
one-third of the CO2 emissions in China were a result from producing goods for export and 
pointed out the exports as being the major reasons for the rapid growth in total CO2 emissions. 
Similar shares where concluded in a emissions report by Zhu (2015) with around 25% of the 
emissions causes by manufacturing for consumption abroad. Where the emissions connected 
export where about eight times higher than the value connected to the import. 

In addition to inexpensive energy, low wages and cheap raw material makes costs related to 
production very low.  This makes China’s export very profitable for developed countries and 
China has surpassed Germany as the world largest exporter (Michieka, Fletcher and Burnett, 
2013). China, as many developing countries, also lacks implementation of pollution control 
processes and the environmental regulations may differ from developed countries. Due to 
mentioned reasons China is well presented in literature concerning embodied emissions in 
international trade.  

2.4 Sweden’s Import from China 

Sweden, like many other relatively small countries, is very dependent on international trade 
(83% of GDP year 2009 according to the world bank (2012)). The most important trading 
partners of Sweden can be found in Europe but China has evolved to be Sweden’s biggest 
trading partner in Asia and top ten when referring to imports. The bilateral trade between 
Sweden and China has increased considerably the last decades. This applies to both Sweden’s 
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export and import but it is the latter that has been demonstrating the sharpest increase while the 
growth of the exports has stayed stable. The progress line of Sweden’s import from China can 
be seen in Figure 4 and as can be seen the imports increased with more than 500% during the 
time period from 1995 to 2009.  

 

Figure 4. Swedish import from China the year 1995-2011 in 1995 prices. (Millions of US$) 

Figure 4 indicates that a change in the import trend occurred year 2002, this is partly due to 
China’s participation in the World trade organisation (WTO) which commenced year 2001 
(Kinnman, 2008). The membership of WTO forced China to implement several major reforms 
which unlocked the Chinese market for many countries, including Sweden. This gave a major 
boost to mainly the Chinese export. The rapid growth of Sweden’s import from China has led 
to an increasing Swedish trade deficit with China. However, the import decreased from year 
2007 to 2009 and where it had a local minimum before resuming to increase. This is mainly 
explained by the global financial crisis that occurred 2007 to 2009 in the wake of subprime 
mortgage and bank bailouts.  

The global financial crisis that had its origins in the real estate business in US greatly affected 
Sweden and the Swedish manufacturing industries. Since Sweden is a trade depended country 
and these industries accounted for a majority of Sweden’s international trade, the Swedish 
export and import were also heavily affected which was reflected in a decreased GDP (Statistics 
Sweden, 2009). China did not get affected by the crisis in the same extent as Sweden even 
though being a very export depended country. Even though the growth rate of Chinas GDP 
stagnated (arguably) temporarily during the years of the crisis, the GDP in total increased.  This 
was due to effective policy actions and stimulus programs (Li, Willett and Zhang, 2012).  
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Figure 5. GDP (Billions of US$) of Sweden and China during the years 1995-2011. 

Figure 5 shows Sweden’s and China’s GDP during 1995-2011 and the recession in Sweden 
from the global financial crisis is clear with the dip at year 2009. The GDP China on the other 
hand was seemingly almost unaffected except a slightly decrease in the growth rate.   

When concerning the import composition, the import to Sweden from China mainly comprises 
trade in goods but the service sector has also shown a notable increase but is still relatively 
small (5-10% of total import) (Kinnman, 2008). The composition of the imported goods is 
mostly electrical and optical equipment, textile and textile products, machinery and wood 
products (Timmer et al., 2015). The availability of low-price goods from China has in many 
ways affected the Swedish economy and keeps the Swedish prices of final user and intermediate 
goods on a low level. With the increasing import this have contributed to a low level inflation 
in Sweden (Calmfors, 2008). The major part of the import from China is final user goods 
although intermediate and capital goods both have a significant proportion of around 30% and 
25% respectively (United Nations, 2016). 

The Swedish direct investments in China have also increased and are mainly reflected by the 
relocation of production processes. According to a report from the Swedish National Board of 
Trade (Kinnman, 2008) Swedish companies, as many foreign companies, have established and 
outsourced parts of their business activities and operations in China. Not only activities related 
to production, but also purchases and sales, research and development and service activities.  

2.5 Earlier Input-Output Studies on Embodied Emissions 

In this section are earlier input-output studies both concerning China and Sweden presented. 
When concerning China, where the input-output literature is extensive, it is mainly earlier input-
output studies connected to the Chinese export that are of interest. When concerning Sweden 
earlier input-output studies on embodied emissions are very few but the focus is still on the 
import. 
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2.5.1 China and the Emissions Embodied in the Export 

The literature concerning embodied emissions in trade is growing and is, as mentioned earlier, 
quite extensive when referring to the situation of China. The high attention attracted to China 
is due to the fact that China is considered the world’s largest CO2 emitter and shows a rapid 
economic growth. With high levels of trade with developed countries the embodied emissions 
in the trade flows of China are of much interest.    

Input-output literature concerning China indicate that the embodied emissions are on a high-
level and that those from domestic production processes, with a large share coupled to the 
export, are higher than the domestic consumption (Ning, Ding and Li ,2015; Ahmad and 
Wyckoff, 2003; Dietzenbacher ,2014; Zhao et al., 2016; Liu et al. 2016). Both multi-regional 
and bilateral single-regional approaches can be found in the wide-spread input-output literature 
concerning the embodied emissions in the trade of China (Su et al. 2013). It has been shown 
that the embodied emissions in the export of China has been increasing and that the major part 
is in the export to developed countries as U.S, Japan and EU-countries (Shui and Harris, 2006; 
Ning, Ding and Li, 2015; Liu et al., 2016; Zhao et al., 2016).   

When concerning specific sectors an input-output analysis by Shang et al. (2016) pointed out 
the heat supply and electric power as the major contributors to the embodied emissions induced 
by the Chinese export. This is because nearly all the other sectors have a large consumption of 
heat and electric power in their respectively production processes. And with an electricity and 
heat supply sector that mainly uses fossil fuels this results in high level emissions. When 
concerning which trade products that are entailed with the highest levels of embodied emissions 
the products from the sector of electrical machinery and equipment ranks first according to 
several studies (Shang et al. 2016; Zhao et al., 2016; Shui and Harris, 2006).  

2.5.2 Sweden and the Emissions Embodied in the Import 

The case of Sweden is still relatively unexplored. Since Sweden usually is a relatively small 
trading partner for the big economies the country is often included in an aggregation of 
countries (e.g Su and Ang, 2014; . Hence, the specific case of Sweden can’t be distinguished 
from the other countries in the aggregation. However, some Swedish studies on the topic can 
be found but very few evaluates embodied emissions across time-series and on a sectoral basis. 

Statistics Sweden (2014) completed an extensive IOA where the embodied CO2 emissions in 
Swedish imports were evaluated using a multi-regional approach. The study used the same 
database as used in this report and included all the countries available in the WIOD. They 
concluded that the embodied CO2 emissions in the international imports of Sweden increased 
with about the same levels as the domestic CO2 emissions decreased during the years 1995-
2009. Naturvårdsverket (2010) also concluded that the embodied emissions caused by Sweden 
in other countries increased significantly from 1995 to 2008. This followed a substantial 
increase of the import of goods and Sweden went from being a net exporter of CO2 emissions 
to be a net importer of CO2 emissions at 2008. These conclusions are consistent with those of 
Mundaca, Román and Cansino (2015) in a macro-economic climate evaluation of Swedens CO2 
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emissions year 2000 and 2009. Mundaca, Román and Cansino also indicated that Sweden’s 
embodied CO2 emissions in the import exceeded the those in the export making Sweden a net 
importer of embodied emissions both for year 2000 and 2009. 

Statistics Sweden (2014) concluded that China in 2009 was the trading partner that generated 
he largest part of the embodied CO2-emissions that was imported to Sweden. Results from the 
report indicate that the embodied CO2 emissions imported from China increased with 94% from 
1995-2009 and that the largest share were due to import from manufacturing industries coupled 
too electrical, optical and textile products. Mundaca, Román and Cansino (2015) also concluded 
that the negative trading balance of CO2 emissions was particularly distinctive in the trade with 
China and the negative gap had increased significantly from year 2000 to 2009. They further 
pointed out that Sweden has been successful in implementation of domestic policies for 
emission reduction while more focus is needed on embodied emissions, especially on a sector 
level.  
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3. Methodology  
In this chapter it is explained in detail how the embodied emissions in the import (EEI) from 
China to Sweden are estimated in this study. This comprises a description of the basic 
framework for input-output analysis and how it is extended to account for embodied emissions 
in international bilateral trade, which is used in this study. In section 3.3 the two definitions for 
evaluating embodied emissions on a sector level are outlined. Finally, in section 3.4 the 
structural decomposition analysis is explained and how it is applied to identify driving forces 
for changes in embodied emissions levels. 

3.1 Input-Output Analysis 

The IOA was originally developed by Wassily Leontief (1936) and is a widely used method to 
quantify how different sectors and products are interrelated in an economic system (for further 
reading about the IOA foundations and extensions see: Miller and Blair, 2009). The model is 
based on the simple idea that the intermediate and final use of goods can simultaneously be 
quantified in a matrix. In the analysis, it is assumed that the input ratio of the production is 
constant for each sector and that every transfer in the system has constant returns to scale. For 
an example; assume that an economic system consists of a certain number of sectors; denoted 
n, and that the total production of sector i can be expressed as Xi; which is the sum of the sales 
from sector i to all the other sectors and the final consumption Yi. This system can be expressed 
as follows:   
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(1)  

Hence, xij represents the sales of goods produced by sector i to sector j, Yi is the final demand 
of products from sector i and Xi is the total output of sector i. From this it is possible to calculate 
the technical coefficient, denoted aij in Equation (2), which indicate the input from sector i 
required to produce one unit of the product of sector j: 

𝑎𝑖𝑗 = 𝑥𝑖𝑗
𝑋𝑗

                     (2) 

With the technical coefficients, the system can be represented in matrix form as: 
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                (3)  

X would represent a nx1 vector with all the sector outputs; A, the technical coefficient matrix 
with the size nxn; and finally, Y, a nx1 vector containing the final demands: 

𝑋 = 𝐴𝑋 + 𝑌                                                             (4)  

Equation (3) can be solved as: 

𝑋 = (𝐼 − 𝐴)−1𝑌                                                      (5)  

Where I represents the identity matrix and (I-A)-1 is denoted as the Leontief inverse matrix. 
Equation (5) shows the basic model of the input-output analysis. In this thesis, this basic model 
is extended with the emissions embodied in bilateral trade approach.   

3.2 Emissions Embodied in Bilateral Trade 

In the late 1960s researchers began to extend the input-output framework to be able to include 
environmental factors on a sector-by-sector level. Leontief (1970) developed an environmental 
framework during the same period which since have been used widely in literature. Since the 
first environmental modifications the framework have been extended further various times and 
now it exists several different environmental applications to the input-output model (Miller and 
Blair, 2009).  

The emissions embodied in bilateral trade (EEBT) approach is used in this thesis. This is a 
common way to evaluate carbon leakage by trade (Michalek and Schwarze, 2015) and the 
model is based on a single regional IOA with a non-competitive approach (non-competitive 
refers to calculating the corresponding emissions directly from the IOT from the origin country 
of the imported products (Su and Ang, 2013)). The EEBT approach is adopted several times in 
related IOA literature (See Su and Ang 2010; Peters and Hertwich, 2008; Peters, et al. 2011)) 
and the specific model used in this thesis is similar to what Zhau, et al. (2016) utilizes in a study 
of emissions embodied in China-Japan trade. There are several benefits with using an EEBT 
approach when analysing emissions in bilateral trade. Compared with a multi-regional analysis 
(MRIO) the EEBT has high transparency and is a reasonable choice when analysing emissions 
in bilateral trade (Peters, 2008). The main difference from an MRIO analysis is the allocation 
of imports; the EEBT approach assign all imports to the importing country while the MRIO 
follows the import to the final consumer. Essential, the latter is better when analysing the global 
production system and the EEBT is superior in analysing trade and climate policy (Peters, 
2008).  
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The EEBT approach basically uses the same mathematical fundamentals as the original 
economic model from Equation (4) but implements some extensions that consider trade and 
emissions. The mathematical extensions are formulated as follows:  

𝑋 = 𝐴𝑑𝑋 + (𝑌𝑑 + ∑ 𝐸𝑑𝑧
𝑧≠𝑑 )                                                       (6)  

Equation (6) corresponds for a country’s total distribution of products. It is basically the same 
as Equation (4) with the addition of Edz which is the country’s exports of domestic products to 
another country z. Similar to Equation (4); X, is a vector with the total sector outputs; Ad, the 
domestic technical coefficient matrix; and Yd, is the domestic final consumption vector. 

By solving Equation (6) for X the following equation is received: 

 

𝑋 = (𝐼 − 𝐴𝑑)−1𝑌𝑑 + ∑ (𝐼 − 𝐴𝑑)−1𝐸𝑑𝑧     𝑧≠𝑑                               (7)  

Next step is to implement the direct emission intensities to be able to calculate the embodied 
emissions in a country’s trade to another country, in this study China and Sweden. The direct 
emission intensities are represented by a vector F which contains the magnitudes of the 
emissions produced per unit output from all the different sectors. The vector is calculated by 
dividing the total direct emissions of each sector with the corresponding sector’s total output. 
With the direct intensity vector implemented in Equation (7) it can be solved as: 

        𝐶 = 𝐹𝑇𝑋 = 𝐹𝑇(𝐼 − 𝐴𝑑)−1𝑌𝑑 + ∑ 𝐹𝑇(𝐼 − 𝐴𝑑)−1𝐸𝑑𝑧     𝑧≠𝑑                       (8)  

Where C is the total emissions of a country and FT is the transposition of the intensity vector F. 

In this study one objective is to calculate the EEI between from China  to Sweden. To do so, 
the EEI from China to Sweden needs to be calculated with Equation (8). Since it is only the 
trade between two countries that is taken under consideration it is the export part of Equation 
(8) that is interesting. Extracted from Equation (8) the calculations are as follows: 

        𝐶𝑐𝑠 = 𝐹𝑇𝑐(𝐼 − 𝐴𝑐)−1𝐸𝑐𝑠                                                       (9) 

Where Ccs is the EEI from China to Sweden.  

3.3 IPS and SIT Perspectives for EEI on a Sector Level 

When analysing EEI on a sector level two different sector perspectives are used in this thesis. 
The first one shows how the EEI are distributed regarding the imported products of each sector 
(IPS perspective). This definition is a reasonable choice when analysing, for example, which 
products that should be avoided or not to reduce emissions by trade (Zhau, et al. 2016). It is 
calculated as follows: 
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           𝐼𝑃𝑆𝑗
𝐶𝑆 =  ∑ 𝐹𝑖

𝐶𝐿𝑖𝑗
𝐶 𝐸𝑗

𝐶𝑆𝑛
𝑖                                                     (10)  

Where IPSi
CS represents the emissions embodied in the trade products of the sector j; Fi

C, the 
Chinese direct emission intensity for sector i; Lij

C, the Leontief inverse matrix of China and Ej
CS 

is China’s export of domestic products to Sweden. This approach is henceforth named the IPS 
perspective in the thesis. 

The other definition on the other hand emphasizes on the EEI generation from the sectors 
induced by the total import. In this way, the different sector’s emission generating capabilities 
can be evaluated for e.g. environmental policies and technological improvements (Zhau, et al. 
2016). It is formulated in a similar way as Equation (10) but with difference that the weight is 
on the producing sector i:  

             𝑆𝐼𝑇𝑖
𝐶𝑆 =  ∑ 𝐹𝑖

𝐶𝐿𝑖𝑗
𝐶 𝐸𝑗

𝐶𝑆𝑛
𝑗                                                    (11)  

Hence, SITjCS is the embodied emissions from each sector i induced by the total import from 
China to Sweden. In this thesis both definitions are used to evaluate the EEI on a sector basis. 
This perspective is henceforth named the SIT perspective in this report. 

3.4 Structural Decomposition Analysis   

A SDA has been implanted to investigate and analyse the driving forces behind the changes in 
the EEI from China to Sweden. This method is a common way to analyse changes in some 
aspect over a time period with help of the IOA framework (Hoekstra and Bergh, 2003).  The 
SDA used in this study is adapted to evaluate underlying environmental and structural 
indicators that may contribute to changes in sectorial embodied emissions over time. It was first 
introduced by Ang, Zhang and Choi (1998) as an extension and re-formulation of earlier 
methods and is called the logarithmic mean Divisia index (LMDI). The method has since the 
introduction been used in several similar studies to factorize underlying indicators from change 
in embodied emissions and energy use over a time period (See for example: Ang and Zhang, 
2000; Chong et al., 2015; Dietzenbacher and Xu, 2014; Zhao, et al. 2016).  

The method is explained by directly adopting it to this study. In this case the underlying factors 
of the change in the levels of EEI from China to Sweden is of interest. The change in emissions 
from year 0 to year t is denoted as 

                ∆𝐶𝐶𝑆 = 𝐶𝑡
𝐶𝑆 − 𝐶0

𝐶𝑆                                                      (12) 

The aim with the method is to decompose ΔCCS into several different factors that may have had 
effect on the change. It can be decomposed into four factors as follows 

       ∆𝐶𝐶𝑆 = 𝐹(∆𝐶𝐶𝑆) + 𝐿(∆𝐶𝐶𝑆) + 𝐸𝑡𝑜𝑡(∆𝐶𝐶𝑆) + 𝑆(∆𝐶𝐶𝑆)                           (13)  

Where 𝐹(∆𝐶𝐶𝑆) represents the effect on ∆𝐶𝐶𝑆 induced by changes in direct emission intensities;  
𝐿(∆𝐶𝐶𝑆) the changes in the structure of the input-output data; 𝐸𝑡𝑜𝑡 is the total amount of the 
Swedish imports from China and  𝐸𝑡𝑜𝑡(∆𝐶𝐶𝑆) is the scale effect on (∆𝐶𝐶𝑆) induced by change 
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in the total import; 𝑆(∆𝐶𝐶𝑆), where 𝑆 is a vector with the sector composition and 𝑆(∆𝐶𝐶𝑆) 
stands for the effect on ∆𝐶𝐶𝑆 induced from changes in the sector composition. The effects listed 
above are evaluated in this thesis. Equation (10) can be combined with Equation (13) as: 

∆𝐶𝐶𝑆 = 𝐶𝑡
𝐶𝑆 − 𝐶0

𝐶𝑆 = 𝐹𝑡
𝑇𝑐(𝐼 − 𝐴𝑡

𝐶)−1𝐸𝑡
𝑐𝑠 − 𝐹0

𝑇𝑐(𝐼 − 𝐴0
𝐶)−1𝐸0

𝐶𝑆 =
 𝐹𝑡

𝑇𝑐𝐿𝑡
𝐶𝐸𝑡𝑜𝑡(𝑡)

𝐶𝑆 𝑆𝑡
𝐶𝑆 − 𝐹0

𝑇𝑐𝐿0
𝐶𝐸𝑡𝑜𝑡(0)

𝐶𝑆 𝑆0
𝐶𝑆                                                                   (14)  

with 

                    𝐸 = 𝐸𝑡𝑜𝑡𝑆                                                                (15)  

Where Etot is the total import value to Sweden from China and; S, the vector of sector 
composition. 

As mentioned, it is a re-formulation of the earlier proposed mean Divisia index (MDI) method. 
The MDI method is based on the Divisia index (see further details: Liu, Ang and Ol ,1992) and 
was first proposed by Boyd et al. (1988). MDI uses an arithmetic mean weight function and 
assumes that the variables are continues and can be described as a function of time. The 
modulation from MDI to LMDI is basically the removal of the arithmetic mean weight function 
and replacement with a logarithmic function (Ang, Zhang and Choi, 1998).  

Adapted on embodied emissions in Sweden’s import from China it can be formulated as follows 

∑ ∑ [𝑄𝑖𝑗ln (𝐹𝑖,𝑡
𝐶𝑆

𝐹𝑖,0
𝐶𝑆)]𝑛

𝑖 +𝑛
𝑗 ∑ ∑ [𝑄𝑖𝑗ln (𝐿𝑖,𝑡

𝐶𝑆

𝐿𝑖,0
𝐶𝑆)]𝑛

𝑖 +𝑛
𝑗 ∑ ∑ [𝑄𝑖𝑗ln (

𝐸𝑡𝑜𝑡𝑖,𝑡
𝐶𝑆

𝐸𝑡𝑜𝑡𝑖,0
𝐶𝑆)]𝑛

𝑖 +𝑛
𝑗 ∑ ∑ [𝑄𝑖𝑗ln (𝑆𝑖,𝑡

𝐶𝑆

𝑆𝑖,0
𝐶𝑆)]𝑛

𝑖
𝑛
𝑗 =

 ∆𝐶𝐶𝑆 = 𝐹(∆𝐶𝐶𝑆) + 𝐿(∆𝐶𝐶𝑆) + 𝐸𝑡𝑜𝑡(∆𝐶𝐶𝑆) + 𝑆(∆𝐶𝐶𝑆)                                                       (16) 

Where 

𝑄𝑖𝑗 =
𝐹𝑖,𝑡

𝑇𝑐𝐿𝑖𝑗,𝑡
𝐶 𝐸𝑡𝑜𝑡(𝑡)

𝐶 𝑆𝑗,𝑡
𝐶 −𝐹𝑖,0

𝑇𝑐𝐿𝑖𝑗,0
𝐶 𝐸𝑡𝑜𝑡(0)

𝐶 𝑆𝑗,0
𝐶  

ln (𝐹𝑖,𝑡
𝑇𝑐𝐿𝑖𝑗,𝑡

𝐶 𝐸𝑡𝑜𝑡(𝑡)
𝐶 𝑆𝑗,𝑡

𝐶 𝐹𝑖,0
𝑇𝑐𝐿𝑖𝑗,0

𝐶 𝐸𝑡𝑜𝑡(0)
𝐶 𝑆𝑗,0

𝐶 )⁄                                      (17) 

One benefit with LMDI is that the method can handle zeros in the data set. Ang, Zhang and 
Choi (1998) showed that if the zeros were replaced with a small positive number the 
decomposition stayed intact. It can be shown that if the positive number approaches to zero the 
results from Equation (16) converges and stabilizes to a perfect decomposition. Zeros may 
occur of several different reasons and in this study the bilateral trade data contains zeros since 
Sweden didn’t import products from all the Chinese sectors that are included in the analysis. 
Hence, to perform the decomposition the LMDI method is a reasonable choice of method  
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4. Data Collection and Preparation 
The main data used in this study is taken from WIOD which is the result of a European 
commission funded project (Timmer, et al. 2015). The database contains annual input-output 
tables and additional factor requirements for the years 1995-2011 with a few exceptions. It 
covers 40 countries and central in the database are the World Input-Output Tables that are 
explained more in detail in section 4.1.1.  

Compared with other similar databases there are several benefits with using WIOD in a study 
of embodied emissions in international bilateral trade over time. First off, all the tables and 
factors are designed and developed with help of national studies to specially fit investigations 
over several years.  Furthermore, all the indicators in WIOD are constructed with the same 
sector classification which facilitates an analyse of embodied emissions on a sector level 
(Timmer, et al. 2015). For the reasons listed above the major part of the data used in this study 
is taken from WIOD. Although WIOD provides well prepared data for a study of embodied 
emissions in bilateral trade there are a few preparations that have been done. These preparations 
are explained further in this chapter.  

4.1 World Input-Output Tables and Environmental Accounts 

IOTs show the inter-industrial connections of goods and services and include both domestic 
production, imports and export when referring to a national IOT. The IOTs used in this study 
are constructed on industry by industry format. The columns provide data from production and 
are demonstrated as ratios to gross output. Basically, that means that the inputs to an industry 
are the contributions from the other industries or import needed to produce one unit. In the case 
if outputs, products from an industry can, in addition to intermediate use by industries, also be 
final products to consumption or export. When represented in a table this means that the rows 
show the distribution of the outputs categorized by user. Table 2 shows the IOT structure used 
in this study.    
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Table 2. Structure of a IOT. Ad, domestic technical coefficient matrix; X, total sector outputs; 
Yd, domestic final consumption vector; Edz, export vector of domestic products to country z; Am, 
the intermediate consumption matrix of foreign products; Ym, the vector of final consumption 
of foreign producs; VT, the transposed vector of value-added. 

 Intermediate 
consumption 

Final demand Total outputs 

Final 
consumption 

Exports 

Domestic 
intermediate 
inputs 

𝐴𝑑𝑋 𝑌𝑑 ∑ 𝐸𝑑𝑧

𝑧

 𝑋 
 

Imports 𝐴𝑚𝑋 𝑌𝑚   
Value added 𝑉𝑇    
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4.1.1 WIOD World Input-Output Tables 

In this study where the embodied emissions in Sweden’s import from China is the objective, 
the World Input-Output Tables (WIOTs) from WIOD are suitable. A WIOT is basically a 
comprehensive SIT of national input-output tables where 40 countries are interconnected on a 
sector basis (Timmer, et al. 2015). This means that all the bilateral trade flows between the 
countries are presented through industry and final user transactions. The structure of a WIOT 
can be seen in Table 3. 

Table 3. Schematic outline of the World Input-Output Tables (WIOTs) provided by WIOD. 

 Use by country-industries Final use by countries Tot
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use 

Country 1 … Country M Country 
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… Country 
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Supply 
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country- 
industries 
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1 

           

…            
Industry 
N 

           

…..             

Country 
M 

Industry 
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Industry 
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Value added by labour and capital  
Gross output  
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WIOD provides WIOTs for every year over the time-series of 1995-2011 both in current prices 
and in previous year’s prices. As already mentioned a WIOT covers 40 countries whereof all 
the EU-members and 13 other major economies are included (See Timmer et al., 2012 for full 
list). Hence, it covers both China and Sweden but when referencing to China in WIOD this 
includes Hong Kong and Macao. As seen in Table 3 the WIOTs schematic outline are 
constructed on an industry by industry basis where 35 industries are presented. National 
statistical institutes usually provide data from far more industries but earlier IOA-literature have 
showed that aggregation to around 40 sectors is enough for adequate results when investigating 
embodied emissions in trade (See Su et al. 2010).  The sectors are listed as follows; agriculture, 
mining, construction, utilities, 14 manufacturing industries, telecom, finance, business services, 
personal services, eight trade and transport services and three public services industries (see 
Table 4 for more detailed sector classification). The national IOTs and the bilateral trade flows 
in WIOD are constructed with data from national statistical institutes from countries where 
available and supplemented with data from other statistical data bases as OECD and UN 
National Accounts (Timmer, 2012).  

 

Figure 6. Extraction of a world input-output table showing the export from China to Sweden 

Figure 6 shows a small extraction of a WIOT showing the export from China to Sweden. The 
data is in millions of dollars and as can be seen the Chinese Agriculture, Hunting, Forestry and 
Fishing sector exports one million dollars of worth of products to the Swedish Agriculture, 
Hunting, Forestry and Fishing industry and three million dollars of worth to the Swedish Food, 
Beverages and Tobacco sector. Noteworthy is the Chinese Textiles and Textile Products exports 
products of 29 million dollars of worth of products to the Swedish Textiles and Textile Products 
sector. Similar tables for all the 35 sectors and every year of the time period 1995 to 2009 are 
extracted in this study. 

4.1.2 WIOD Environmental Accounts 

Data from the WIOD environmental accounts are used to be able to calculate emissions 
intensities. The environmental accounts cover gross energy use by sector, emission relevant 
energy use by sector and energy commodity, CO2 emissions modelled by sector and energy 
commodity, emissions to air by sector and pollutant and use of land, material and water (see 
Genty, 2012).  
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Regarding the emissions, which are of interest in this study, they are detailed on both energy-
related and non-energy related emissions and the data in WIOD comes from several sources as 
Inventory from the United Nations Framework Convention on Climate Change (UNFCCC), 
Inventory from the Convention on Long-Range Transboundary Air Pollution (CLRTRAP) and 
Environmental data in national accounts. A major part is extracted from the 2006 IPCC 
Guidelines for National Greenhouse Gas Inventories (IPCC, 2006) which are supplemented 
with additional data that may be included in the specific country UNFCCC emission report 
(Genty, 2012).  

Since the WIOD environmental accounts are designed to apply with the WIOTs they are a 
sequential choice from using the WIOTs in the IOA of the study. In this study the total CO2, 
NOx and SOx emissions to air for each of the 35 sectors have been extracted for every year in 
the time-series 1995-2009.  

4.2 Data Preparation 

The WIOTs includes a large amount of data and the main preparations have been performed 
with help of Excel and Matlab. The NIOTs for China and Sweden have been extracted directly 
from the WIOTs for every year in the time-series 1995-2009. These have been deflated to 1995 
years’ prices with the double deflation method. The bilateral trade flows of China and Sweden 
can also be found in the WIOTs and have been extracted in the same way to establish a bilateral 
trade input-output table with the export from China to Sweden.  

4.2.1 The Deflation Method  

When investigating a time-series like in this study it is important to understand how price 
fluctuations may affect the analysis. In this study one important thing is to identify structural or 
technological changes that may have caused changes in the emissions levels during the 
investigated years. To be able to do so, the problem with the fact that prices differ from year to 
year have to been solved since these price changes are hard to distinguish from structural 
changes (Miller and Blair, 2009). For example, if the flow of goods stays at about the same 
level between two sectors over two years, t0 and t1, but the technical coefficient aij changes 
remarkably, say aij(t0)=0.02 and aij(t1)=0.04. This doubling of the technological coefficient may 
address to a structural and technological change but if the price of the input i changed, say for 
simplicity that it increased, the growth of the technological coefficient will be partly explained 
by this. This impact of the price changes makes a SDA based on IOTs inadequate and a common 
approach to solve this is to deflate the prices to a base year and use constant prices (Hoekstra 
and Bergh, 2003). 

In this study the double deflation method is used to deflate all prices to 1995 years ‘prices (see 
Miller and Blair (2009) for further details and origins of the double deflation method). All the 
total outputs in the bilateral trade between Sweden and China are recalculated and deflated to 
the prices from 1995. This is done by deflating the total output of each sector with an adjusted 
price index that is provided by the WIOD socio-economic accounts. It can be formulated as: 
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𝑋𝑑𝑒 = 𝑋 𝑃1995
𝑃

                                                         (18)  

Where Xde is the deflated output; P, price index for current year; P1995, price index for year 1995 
(100). 

    𝑃𝑑𝑒 = 𝑃 𝑒
𝑒1995

                                          (19)  

Where Xde is the deflated total output from a sector; Pde, the adjusted price index and e the 
exchange rate. 

4.2.2 Sector Classification and Aggregation  

For the input-output analysis this thesis adopts the same default sector structure that can be 
found in WIOD which is an aggregation based on the International Standard Industrial 
Classification of All Economic Activities, Revision 3 (ISIC rev.3) (See in detail: Statistical 
Office of the European Communities, 1990). The sector classification with the reference code 
to the ISIC rev.3 and the code used in this thesis can be seen in Table 4.  

Table 4. Sector classification for this study and with the corresponding reference code to ISIC 
rev.3 

ISIC 
rev.3  

Code Sector 

AtB 1 Agriculture, Hunting, Forestry and Fishing 
C 2 Mining and Quarrying 
15t16 3 Food, Beverages and Tobacco 
17t18 4 Textiles and Textile Products 
19 5 Leather, Leather and Footwear 
20 6 Wood and Products of Wood and Cork 
21t22 7 Pulp, Paper, Printing and Publishing 
23 8 Coke, Refined Petroleum and Nuclear Fuel 
24 9 Chemicals and Chemical Products 
25 10 Rubber and Plastics 
26 11 Other Non-Metallic Mineral 
27t28 12 Basic Metals and Fabricated Metal 
29 13 Machinery, Nec 
30t33 14 Electrical and Optical Equipment 
34t35 15 Transport Equipment 
36t37 16 Manufacturing, Nec; Recycling 
E 17 Electricity, Gas and Water Supply 
F 18 Construction 
50 19 Sale, Maintenance and Repair of Motor Vehicles and Motorcycles; Retail 

Sale of Fuel 
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4.2.3 SDA Preparations 

For the SDA further aggregation has been done to make the results less comprehensive and to 
easier evaluate the underlying driving forces. The aggregation is done by assemble the sectors 
into five major groups; Transport; Energy; Light industries; Heavy industries and Services. 
Table 5 shows the different groups and which sectors that are included. See Table 4 for sector 
classification. 

  

51 20 Wholesale Trade and Commission Trade, Except of Motor Vehicles and 
Motorcycles 

52 21 Retail Trade, Except of Motor Vehicles and Motorcycles; Repair of 
Household Goods 

H 21 Hotels and Restaurants 
60 23 Inland Transport 
61 24 Water Transport 
62 25 Air Transport 
63 26 Other Supporting and Auxiliary Transport Activities; Activities of Travel 

Agencies 
64 27 Post and Telecommunications 
J 28 Financial Intermediation 
70 29 Real Estate Activities 
71t74 30 Renting of M&Eq and Other Business Activities 
L 31 Public Admin and Defence; Compulsory Social Security 
M 32 Education 
N 33 Health and Social Work 
O 34 Other Community, Social and Personal Services 
P 35 Private Households with Employed Persons 
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Table 5. Sector groups used in the SDA. For sector classification see Table 3. 

Sector group Sectors 
Transport 23, 24, 25, 26 
Energy 8, 17 
Light industries 1, 3, 4, 5, 6, 7, 10 
Heavy industries 2, 9, 11, 12, 13, 14, 15, 16, 18  
Services 19, 20, 21, 22, 27, 28, 29, 30, 31, 32, 34, 35 

During the years 1995-2009 there are some Chinese sectors included in the analysis that Sweden 
have not imported from. Since these are listed as zeros in the bilateral trade data that could 
entail some method implications in the SDA. However, since the LMDI can handle zeros by 
replacing them with very small positive numbers (in this study 1*10-10 ) this have been 
performed for all the bilateral Sweden-China data during the years 1995-2009. 
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5.  Results 
In this chapter the results generated from the emissions embodied in bilateral trade (EEBT) 
extended input-output analysis (IOA) and the structural decomposition analysis (SDA) are 
presented. The results are presented in figures and tables. More detailed information can be 
found in the appendix. First of are the results from the IOA accounting the total levels of EEI 
from China to Sweden during the time-series 1995-2009. In section 5.2 the sectorial distribution 
of the embodied emissions is presented both accounting the IPS and SIT perspectives and in 
the last section of the chapter the results from the SDA are presented.  

5.1 Emissions Embodied in Sweden’s Import from China  

From Figure 7, the embodied CO2 emissions in the import from China to Sweden increased 
from 1995 year’s level of 2.76 Mt to 5.48 Mt at the time period’s final year 2009. This is a total 
growth of 98.8%. As can be seen Sweden’s imports from China also increased during the time 
period and since WIOD provides trade data until 2011 this is also plotted. As Figure 7 shows, 
the growth of the imports follows the same pattern as the embodied CO2 emissions and is likely 
to believe that the EEI a year 2009 were at a local minimum, since the import resumed to 
increase thereafter. This is probably coupled to the financial crisis and motivated an extended 
IOA to 2011 with extrapolated emission intensities for the years 2010 and 2011. The results 
from the extended IOA can be seen in section 5.1.2. 

 

Figure 7. Left axis; Embodied CO2 emissions in Sweden's import from China during the years 
1995-2009 (Ktons CO2). Right axis; Sweden's total import value from China during the years 
1995-2009 (Millions of US$). 

According to Figure 7 the embodied CO2 emissions in Sweden’s imports can be divided in three 
different phases; a quite stable period between 1995-2002; a rapid increase from 2002-2007 
and a decrease during the last two years 2007-2009. The first phase shows that during the years 
1995-2002 the rate of embodied emissions stayed quite stable with a total decrease of 19.2%. 
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The imports on the other hand showed a small increase which makes an SDA on this phase 
interesting since the decrease of emissions is not due to a decrease in imports.  The second 
phase, 2002-2007, had a rapid growth of embodied CO2 emissions in Sweden’s imports from 
China. During this time period the embodied CO2 emissions increased with 5.64 Mt from 2.23 
Mt to 7.87 Mt meaning a percentage increase of 253.1%. The third phase 2007-2009 showed a 
decrease of embodied CO2 emissions from the peak of 7.87 Mt to 5.48 Mt i.e. -43.6%.   

 

Figure 8. Left axis; Embodied NOx emissions in Sweden's import from China during the years 
1995-2009 (kt NOx). Right axis; Sweden's total import value from China during the years 1995-
2009 (Millions of US$). 

Figure 8 indicates that the embodied NOx emissions follow a similar pattern as the embodied 
CO2. Again with a small decrease during phase one, a rapid increase of 191% during phase two 
and a decrease of -24.6% during phase three. In total the embodied NOx emissions increased 
with 82.7%. 
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Figure 9, Left axis; Embodied SOx emissions in Sweden's import from China during the years 
1995-2009 (Ktons SOx). Right axis; Sweden's total import value from China during the years 
1995-2009 (Millions of US$). 

The embodied SOx emissions have a slightly different pattern from the CO2 and NOx emissions. 
As can be seen in Figure 9 the embodied SOx in Sweden’s import from China had a notable 
decrease during the first phase. Since the imports was increasing during the same years a 
different driving factor owes the decrease. Phase two and three shows the same pattern as the 
embodied CO2 and NOx with a growth of 158% during phase two and a decrease of 16.4% 
during phase three. The total increase became less noticeable compared with the CO2 and NOx 
emissions with a total growth of 39.4%. 

5.1.1 CO2 Emissions per Imported Dollar 

The imported embodied CO2 emissions per dollar were calculated to investigate the 
development and to compare with the average emissions per dollar of gross domestic products 
in China and Sweden. The results are presented in Figure 10. 

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0

5

10

15

20

25

30

35

40

M
ill

io
ns

 o
f U

S$

kt
 S

O
x

Embodied SOx emissions in Sweden's import from China

Swedish import from China in 1995 prices (Right axis)



30 
 

 

Figure 10. Embodied CO2 emissions (Kg) per imported US$ and CO2 emissions per PPP $ of 
GDP for Sweden, China and the World average. 

As seen from Figure 10 the emissions per dollar in Sweden’s import from China are decreasing 
even though the total EEI are increasing. However, the embodied CO2 emissions per dollar in 
Sweden’s import from China demonstrated very high levels during the complete time period. 
The levels where higher than the domestic average in China and by far higher than the average 
in Sweden and the World. In 1995 the embodied CO2 emissions per dollar in the import where 
about three times higher than the Chinese domestic average and ten times higher than the 
Swedish average. The gap decreased to 2009 but the embodied CO2 emissions per dollar in the 
import still indicated a level substantially higher than the domestic ones in Sweden and China.  

5.1.2 Extended Time Series 1995-2011 for Embodied CO2 

Due to the decreasing trend line in phase four and the global financial crisis that occurred during 
the last period of the studied time period an extended analysis was made to include the years 
2010 and 2011. This was carried out to determine if the decreasing trend continued or if it may 
have been coupled with the financial crisis.  

Bilateral trade data and national IOTs can be found in WIOD until 2011. However, WIOD does 
not provide environmental accounts or price levels for gross outputs and intermediate inputs for 
years later than 2009. This means that certain assumptions and estimates have been made in 
order to carry out the analysis. The sector emission intensities have been extrapolated by triple 
exponential smoothing forecast to include 2010 and 2011. Furthermore, the deflation to 1995 
years’ prices have been made with more aggregated price index data from OECD. Figure 11 
shows the results from the extended analysis. 
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Figure 11. Left axis; Embodied CO2 emissions in Sweden's import from China during the years 
1995-2011 (kt CO2). Right axis; Sweden's total import value from China during the years 1995-
2011 (Millions of US$). 

From Figure 11, it is clear that the decreasing trend from 2007 discontinued with a local 
minimum at 2009. From 2009 to 2011 both the import value and the embodied CO2 emissions 
once again demonstrated significant growth rates. The import value indicated a similar growth 
rate as the years 2002-2007 while the embodied CO2 emissions showed a slightly less sharp 
increase.  

5.2 Emissions Embodied in Swedish Import from China on a Sector 
Level 

In this chapter the results on a sector level are presented and accounting both the IPS (Embodied 
emissions in the Imported Products of each Sector) and SIT (Embodied emissions of each 
Sector Induced by the Total import) perspectives. The results on a sector level are made easily 
comprehensible by only showing the five sectors with the most significant levels of EEI from 
China to Sweden based on the results of 2009. The others sectors with more trivial levels are 
shown as an aggregation called “Rest of the sectors”. 

5.2.1 IPS Perspective 

The five sectors that accounted for largest shares of the EEI according to the results from the 
IOA with the IPS perspective can be seen in Figure 12. 
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Figure 12. Sector distribution (%) of embodied CO2 emissions with the IPS perspective during 
the years 1995-2009. 

From Figure 12, the sector that 2009 owed the biggest part of the embodied CO2 emissions in 
Sweden’s imported products from China was Electrical and Optical Equipment. As can be seen 
in the chart products from that sector contributed for around 30% of the total embodied CO2 
emissions 2009. Compared with 1995 years’ level of 17.2% this is a significant increase. 
Textiles and Textile Products on the other hand has decreased its share of embodied emissions 
from 32.1% 1995 to 11.6% year 2009 but its products are still the third biggest contributor next 
to Electrical and Optical Equipment and Renting of M&Eq and Other Business Activities. The 
latter demonstrated the largest increase in percentage of emissions during the studied time 
period. From an insignificant share of 0.8% at year 1995 to 15.5% at year 2009 and be indebted 
for the second biggest share of the emissions. Machinery, Nec and Basic Metals and Fabricated 
Metal both stayed relatively stable during the period with 7.4% and 9.4% respectively 2009.  
The rest of the sectors also stayed stable shifting between 38% and 27% throughout the time 
period. 
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Figure 13. Sector distribution (%) of embodied NOx emissions with the IPS perspective during 
the years 1995-2009. 

The NOx and SOx emissions in imported products had a sector distribution that was very similar 
to the CO2 emissions as can be seen in Figure 13 and Figure 14.  

 

Figure 14. Sector distribution (%) of embodied SOx emissions with the IPS perspective during 
the years 1995-2009. 
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5.2.2 SIT Perspective 

When applying the SIT perspective, the sector distribution turns out to be as in Figure 15. 

 

Figure 15.  Sector distribution (%) of embodied CO2 emissions with the SIT perspective 

Electricity, Gas and Water Supply is by far the biggest contributor with 37.4% of the embodied 
CO2 emissions year 1995 and 55.3% year 2009. Basic Metals and Fabricated Metal and Other 
Non-Metallic mineral both had a stable share of around 13% and 8% respectively meanwhile 
Chemicals and Chemical Products decreased it share from 11.2% year 1995 to 5.4% 2009. The 
other sectors had in comparison insignificant shares of the embodied CO2 emissions. 
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Figure 16. Sector distribution (%) of embodied NOx emissions with the SIT perspective. 

Different from the IPS perspective, where the NOx and SOx emissions had a very similar sector 
distribution to the CO2 emissions, Figure 16 and Figure 17 shows a unalike distribution for the 
SIT perspective. As can be seen in Figure 16 the Electricity, Gas and Water supply was a big 
contributor during the time period with a relative stable share around 30% of the embodied NOx 
emissions. The biggest increase of its share had Agriculture, Hunting, Forestry and Fishing 
which remarkably enlarged its part during phase two, i.e. 2002-2007. Particularly the growth 
from 2003 to 2004 of 3.9% to 25.6% is remarkable and during 2005-2007 Agriculture, Hunting, 
Forestry and Fishing owed the biggest part of the embodied NOx emissions. 2008 Electricity, 
Gas and Water Supply surpassed and once again became the biggest contributor.  
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Figure 17. Sector distribution (%) of embodied SOx emissions with the SIT perspective. 

Figure 17 shows a similar pattern as Figure 16 although the dominance of Electricity, Gas and 
Water Supply appears even more clearly. During the years 1995-2003 Electricity, Gas and 
Water Supply had a share of more than 50% of the embodied SOx emissions with a peak of 
68.1% year 2003. Just like the embodied NOx emissions the Agriculture, Hunting, Forestry and 
Fishing had a large-scale increase from 2003 years’ level of 0.5% to 24.2% 2004. 2006 
Agriculture, Hunting, Forestry and Fishing surpassed Electricity, Gas and Water Supply and 
became the biggest contributor with a share of 44.1% year 2007. 2008 Agriculture, Hunting, 
Forestry and Fishing once again indicated the biggest share with 49.2% of the embodied SOx 
emissions. 

5.2.3 Sector Emission Intensities  

The five top sectors that generated the most embodied CO2 emissions from the SIT perspective 
are shown in Figure 15, since these are key sectors when targeting industrial and environmental 
policies their corresponding CO2 emission intensities were calculated. This was done for each 
year and both for China and Sweden to make a comparative outline. Since Electricity, Gas and 
Water Supply by far generated the largest share of CO2 emissions it is shown separately in 
Figure 18 and the other four sectors are shown in a combined chart in Figure 19. 
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Figure 18. Emissions intensity (Kg CO2 per unit output) for the sector Electricity, Gas and 
Water Supply during the years 1995-2009. 

From Figure 18 it is shown that the direct CO2 intensity linked to Electricity, Gas and Water 
Supply was much more intensive in China during the time period. At the start of the studied 
period the direct CO2 intensity in China was more than 30 times higher than the corresponding 
intensity in Sweden. Even though the sector Electricity, Gas and Water in China greatly reduced 
the CO2 intensity during the time period with around 60%, it was still about 25 times the 
corresponding intensity in Sweden that also had a decreasing development.  
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Figure 19.  Emissions intensities (Kg CO2 per unit output) during the years 1995-2009 for the 
sectors; Other Non-Metallic Mineral; Mining and Quarrying; Chemicals and Chemical 
Products; Basic metals and Produced metal. 

Figure 19 shows the other four sectors that were among the top five sectors that generated the 
most CO2 emissions induced by the total import to Sweden from China. The direct CO2 
emissions intensities were significantly higher in China than in Sweden in all four sectors and 
during all the years studied. The Chinese sectors all showed a substantially lower direct 
emission intensity than Electricity, Gas and Water Supply but still by far exceeded the 
corresponding intensities in Sweden. Similar to Electricity, Gas and Water Supply all sectors 
demonstrated a decrease in intensity during the years 1995-2009.  

5.3 Underlying Factors of the Change in the EEI Levels (SDA) 

The SDA has been applied mainly on the changes embodied CO2 in Sweden’s import from 
China. The SDA has been carried out with the IPS perspective. The sectors have been further 
aggregated and results are presented by the sector classification outlined in Table 5.  However, 
since the results with the IPS perspective from section 5.2.1 implied that the EEI from the 
products of Renting of M&Eq and Other Business Activities have increased remarkably, this 
sector is treated separately. This also applies for the embodied SOx and NOx emissions with the 
SIT perspective from the sector Agriculture, Hunting, Forestry and Fishing, which 
demonstrated a very sharp change from 2003 to 2006. 
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5.3.1 Driving Factors for Changes in Levels of Imported Embodied CO2 

The following section comprises the results from the SDA on embodied CO2 in Sweden’s 
import from China with the IPS perspective. According to Figure 7, the embodied emissions 
can be divided into three different phases with different trends and growth rates. The results 
will be presented for the change in each period separately and finally for the total time period. 

Table 6. SDA of the changes in the embodied CO2 emission levels (Mt) from the year 1995 to 
2002. F, technical effect related to direct emissions intensities; L, technical effect coupled to 
the domestic technical coefficient matrix; Etot, scale effect coupled to changes in import value; 
S, structural effect coupled to changes in import composition. 

Time 
period 

 Transport Energy Light  Heavy Services Total 

1995-2002 F -0.01 -0.03 -0.52 -0.60 -0.05 -1.21 
L 0.00 -0.00 -0.08 -0.29 0.02 -0.35 
Etot 0.02 0.04 0.38 0.52 0.06 1.02 
S -0.05 0.07 -0.40 0.24 0.16 0.02 
Sum -0.04 0.08 -0.62 -0.13 0.19 -0.53 

Table 6 shows the SDA for phase one, i.e. 1995-2002 and as already hinted in Figure 7 a 
decrease in the embodied CO2 emissions were induced by another driving factor than less 
imports. In this case the technical effect for the direct CO2 intensities (F) and the input-output 
structure (L) reduced the embodied emissions with -1.21 Mt and -0.35Mt respectively. With 
the scale effect (Etot) of 1.02 Mt induced by an increase in imports and an insignificant 
structural effect (S) of 0.02 this led to a total decrease of -0.53 Mt.  

When looking at the sector groups it can be seen that the light industries mainly contribute to 
the decrease throughout reduction of direct CO2 intensities (F= -0.52 Mt) and change in the 
export structure (-0.40 Mt). With a Etot of 0.38 Mt as the only contributor in the opposite 
direction and a relatively insignificant L this led to a total decrease of -0.62 Mt. For the heavy 
industries the effects cancel each other out; Etot and S both indicated an increase with 0.52 and 
0.24 Mt respectively but on the other hand F and L both went in the opposite direction with 
respectively -0.60 and -0.29 Mt giving a total of -0.13 Mt. Both the transport group and services 
both had a fairly insignificant development during this phase. 
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Table 7. SDA of the changes in the embodied CO2 emission levels (Mt) from the year 2002 to 
2007. F, technical effect related to direct emissions intensities; L, technical effect coupled to 
the domestic technical coefficient matrix; Etot, scale effect coupled to changes in import value; 
S, structural effect coupled to changes in import composition. 

Time 
period 

 Transport Energy Light Heavy Services Total 

2002-2007 F -0.05 -0.04 -0.49 -1.20 -0.33 -2.10 
L 0.02 0.02 0.30 0.44 0.18 0.97 
Etot 0.26 0.14 1.52 3.83 1.05 6.79 
S 0.22 -0.21 -0.55 0.23 0.29 -0.02 
Sum 0.45 -0.09 0.78 3.30 1.19 5.64 

From Table 7, during the years 2002-2007 the biggest contributor to the growth of embodied 
CO2 emissions was by far the scale effect from increased imports which had a contribution of 
6.79 Mt. Next to the scale effect the technical effect for the input-output structure also 
contributed with 0.97 Mt. The technical effect of the direct CO2 intensities on the other hand 
shows a reduction of -2.10 Mt and the structural effect was once again insignificant with -0.02 
Mt.  

The heavy industries were the biggest contributors due to a large increase in Etot of 3.83 Mt 
induced by a significant growth in the import value. This also applies for the other sector groups 
where especially the light industries and services had a Etot of 1.52 and 1.05 Mt respectively. 
The technical effect from the evolution of the input-output structure, which was the second 
contributor, was palpable in the light, heavy and service industries but negligible in transports 
and energy industries. F was still showing an opposite pattern and all the sector groups had 
negative values and the most prominents being light, heavy and service-industries with -0.49, -
1.20 and -0.33 Mt respectively.  

Notable is that the light and energy industries combined were offsetting the contribution of the 
structural effect from the other three sectors and giving the insignificant total S of -0.02 Mt.  
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Table 8. SDA of the changes in the embodied CO2 emission levels (Mt) from the year 2007 to 
2009. F, technical effect related to direct emissions intensities; L, technical effect coupled to 
the domestic technical coefficient matrix; Etot, scale effect coupled to changes in import value; 
S, structural effect coupled to changes in import composition. 

Time 
period 

 Transport Energy Light Heavy Services Total 

2007-2009 F -0.02 -0.01 -0.21 -0.65 -0.17 -1.06 
L 0.01 0.00 -0.03 0.05 0.1 0.12 
Etot -0.05 -0.01 -0.21 -0.66 -0.21 -1.14 
S -0.25 -0.03 0.1 0.01 -0.14 -0.31 
Sum -0.31 -0.05 -0.35 -1.25 -0.42 -2.39 

Table 8 shows the last phase where the embodied CO2 emissions decreased with -2.39. This 
was due to a reduction of the technical effect for direct CO2 intensities of -1.06 Mt and a 
decrease in total imports leading to a scale effect of -1.14. The structural effect also had a 
notable contribution with -0.31 Mt. 

In consideration of the sector groups all the groups contributed to the decrease with a negative 
total contribution. The heavy industries demonstrated a significant decrease on embodied 
emissions induced by a reduction in Etot of -0.66 Mt and the technical effect from direct CO2 
emission intensities of -0.65 Mt. S and L were relatively insignificant. The light industries had 
a similar pattern although in a smaller degree with F=-0.21 and Etot=-0.21 Mt. The services 
had notable contribution to the decrease from F, L and S with -0.17, -0.21 and -0.14 Mt 
respectively. The transport sectors showed a S of -0.25 Mt while the energy sectors stayed stable 
with negligible effects.  

Table 9. SDA of the changes in the embodied CO2 emission levels (Mt) from the year 1995 to 
2009. F, technical effect related to direct emissions intensities; L, technical effect coupled to 
the domestic technical coefficient matrix; Etot, scale effect coupled to changes in import value; 
S, structural effect coupled to changes in import composition. 

Time 
period 

 Transport Energy Light Heavy Services Total 

1995-
2009 

F -0.06 -0.05 -1.38 -2.28 -0.31 -4.07 
L 0.02 0.02 0.17 -0.19 0.15 0.17 
Etot 0.18 0.09 2.04 3.74 0.57 6.62 
S -0.03 -0.11 -1.02 0.63 0.55 0.01 
Sum 0.11 -0.05 -0.19 1.90 0.96 2.73 

Table 9 shows the SDA for the complete time period and as can be seen from the total column 
the technical effect induced by reduction of direct CO2 intensities compensated the increase of 
embodied CO2 emissions caused by the scale effect and increased import. Even though F 
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contributed to a decrease of -4.07 Mt in embodied emissions Etot accounted for 6.62 Mt 
meaning a substantial increase of embodied CO2. L and S were relatively insignificant with a 
contribution of 0.17 Mt and 0.01 Mt respectively.  

When concerning the sector groups for the complete time period it can be seen in Table 9 that 
the heavy industries and the service industries are the biggest contributors to the increase in 
embodied emissions with 1.9 and 0.96 Mt each. Although the heavy industries had a remarkable 
technical effect F of -2.28 Mt induced by reduction of direct CO2 intensities this was surpassed 
by the large Etot of 3.74 and S of 0.63 Mt. The service industries also showed a negative F of -
0.31 but L, Etot and S each contributed with 0.15, 0.57 and 0.55 Mt respectively giving the 0.96 
Mt in total. The light industries on the other hand demonstrated a total of -0.19. This was due 
to counteracting effects, F and S both were negative with -1.38 and -1.02 Mt and were offsetting 
the large Etot of 2.04 Mt and L of 0.17 Mt. Both the energy and transport indicated rather small 
effect values when looking at the whole time period.  

5.3.2 Renting of M&Eq and Other Business Activities 

The separate SDA of the change in imported embodied CO2 in the products from the service 
sector Renting of M&Eq and Other Business Activities is presented for the total time period 
1995-2009. The total change is chosen due to the relatively stable growth rate that can be seen 
in Figure 12.  

Table 10. SDA of the changes in the embodied CO2 emission levels (Mt) in the imported 
products from Renting of M&Eq and Other Business Activities. F, technical effect related to 
direct emissions intensities; L, technical effect coupled to the domestic technical coefficient 
matrix; Etot, scale effect coupled to changes in import value; S, structural effect coupled to 
changes in import composition 

Time 
period 

 Renting of M&Eq and 
Other Business Activities  

1995-2009 F -0.23 
L 0.14 
Etot 0.41 
S 0.50 
Sum 0.82 

From Table 10, the total increase of 0.82 Mt of embodied CO2 was mainly due to the scale 
effect and the structural effect which contributed with 0.41 and 0.50 Mt respectively. The 
technical effect coupled to the input-output structure also contributed to the increase but in a 
lesser extent of 0.14 Mt. The technical effect related to the emission intensity was offsetting the 
increase with -0.23 Mt. 
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5.3.3 Agriculture, Hunting, Forestry and Fishing 

The separately SDA of the sector Agriculture, Hunting, Forestry and Fishing was applied with 
the perspective of embodied NOx and SOx induced by the total import. The SDA was carried 
out on the change from year 2003 to 2006 since the embodied emissions induced by the total 
import to Sweden increased very sharply during that time period. 

Table 11. SDA of the changes in the embodied NOx and SOx emission levels (kt)from 
Agriculture, Hunting, Forestry and Fishing induced by the total import. The table shows the 
decomposition of the changes from year 2003 to 2006. F, technical effect related to direct 
emissions intensities; L, technical effect coupled to the domestic technical coefficient matrix; 
Etot, scale effect coupled to changes in import value; S, structural effect coupled to changes in 
import composition 

Time period  NOx (kt) SOx (kt) 
2003-2006 F 5.03 12.23 

L 0.28 0.36 
Etot 2.19 2.74 
S -0.24 -0.26 
Sum 7.26 15.07 

From Table 11, it is clear the main driving factor for the change was coupled to the technical 
effect F and the Scale effect Etot. L and S was relatively insignificant. Especially the technical 
effect coupled to the emissions intensities contributed to a large share of the increase. In the 
case of the embodied NOx, F contributed with 5.02 Kt to the total increase of 7.26 Kt. This also 
applied for the embodied SOx emissions where F contributed with 12.23 Kt of the total increase 
of 15.07 Kt. 

  



44 
 

6. Discussion  
This study has aimed to evaluate the emissions embodied in the import (EEI) from China to 
Sweden during the time period of 1995-2009. This have been carried out through three main 
objectives. Besides the total amount of EEI, a main focus has been on the sector distribution 
and how it has changed over time. The third objective was to identify the underlying driving 
factors behind the change in EEI levels which also was carried out on a sectoral level.  

First off in this final chapter is a summary of the outcomes and results from the input-output 
analysis (IOA) and the structural decomposition analysis (SDA). These are listed on the basis 
of the study’s three main objectives and discussed to further put them in a context.  Section 6.2 
shows a comparison with earlier studies to evaluate the results and discuss if they are consistent 
with previous papers. The section 6.3 is a discussion of the uncertainties of the results.  

6.1 Summary and Discussion of Main Results 

In this chapter a summary of the results from the IOA and SDA are outlined and followed by a 
general discussion. 

6.1.1 Emissions Embodied in Sweden’s Import from China  

A summary of the most significant results from the study are listed and discussed below: 

� From Section 5.1, the embodied CO2 and NOx emissions in Sweden’s import from China 
almost doubled during the studied time period. The embodied SOx emissions also 
increased but in a lesser extent of around 40%. 

� From Figure 7, the increase mainly occurred during 2002-2007. Especially the 
embodied CO2 emissions had a significant growth of 253% during these years. The 
embodied NOx and SOx emissions seen in Figure 8 and Figure 9 indicated a similar 
development with an increase of 191% and 158% respectively. 

� From 2007 to 2009 the EEI from China to Sweden demonstrated a notable decrease 
according to Figure 7. 

� As can be seen in Figure 10, the embodied CO2 emissions per dollar in the import 
decreased significantly but demonstrated substantially higher levels than the CO2 
emissions per dollar of gross domestic products in both China and Sweden. 

� The analysis of the extended time-series seen in Figure 11 showed a break in the 
decreasing trend and the EEI from China to Sweden increased significantly from 2009 
to 2011. 

 
In accordance with previous input-output studies concerning the trade of Sweden the embodied 
CO2 emissions increased markedly during 1995-2009. This study shows that this also applies 
for NOx and SOx emissions. As seen in Figure 7, a clear trend shift occurred 2002 and the EEI 
from China to Sweden increased substantially until 2007 and this is probably coupled with 
Chinas entrance in WTO year 2002. The Chinese WTO membership facilitated the Swedish 
trade with China and especially led to a sharp increase in Sweden’s imports from China.  
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Another break in the trend can be seen from 2007 when the EEI from China to Sweden started 
to decrease, this was probably due to the global financial crisis that took place 2007-2009. The 
extended time-series supports that connection and shows that the EEI from China to Sweden 
resumed the increasing trend year 2010 when the world economy started to stabilize. The 
embodied CO2 emissions per dollar in the import were significantly higher than the CO2 
emissions per dollar of gross domestic products in China. This indicates that Sweden’s import 
composition from China comprises more emissions intensive industries than the Chinese 
average. However, the CO2 emissions per dollar decreased in a stable rate during 1995-2009 
which may be due to technological improvements or change in import composition. This is 
something that is further discussed with the results from the SDA in chapter 6.1.3 

6.1.2 Emissions Embodied in Swedish Import from China on a Sector Level 

The most noteworthy results from the IOA on a sector level with both the IPS (Embodied 
emissions in the Imported Products of each Sector) and SIT (Embodied emissions of each 
Sector Induced by the Total import) perspectives are listed below: 
 

� With the IPS perspective, products from the three sectors; Electrical and Optical 
Equipment; Textiles and Textiles Products and Renting of M&Eq and Other Business 
Activities were the most significant contributors of the EEI from China to Sweden. See 
Figure 12 for distribution. 

� Products from Renting of M&Eq and Other Business Activities evolved from being 
insignificant year 1995 to be the second largest contributor in embodied CO2 emissions 
year 2009 and the third largest in embodied NOx and SOx emissions. This can be seen 
in Figure 12, Figure 13 and Figure 14. 

� The Electricity, Gas and Water Supply sector was by far the biggest contributor in the 
perspective of embodied CO2 emissions with the SIT perspective. The sector 
contributed to around 50% of the EEI from China to Sweden at year 2009. This 
dominance applied for all the years studied and can be seen in Figure 15.  

� In the embodied NOx and SOx emissions with the SIT perspective the Agriculture, 
Hunting, Forestry and Fishing demonstrated a remarkable increase from 2003 to 2006 
which can be seen in Figure 16 and Figure 17. From being indebted of an insignificant 
share of the embodied SOx and NOx emissions in year 2002, Agriculture, Hunting, 
Forestry and Fishing became the biggest contributor and surpassed Electricity, Gas and 
Water Supply. 

� 2007 to 2009 Agriculture, Hunting, Forestry and Fishing decreased its share of 
embodied SOx and NOx and became the second largest contributor next to Electricity, 
Gas and Water Supply in the terms of the SIT perspective. 

� From Figure 19, the direct emission intensities were significant higher in China than 
Sweden during the time period. This applies particularly to the sector Electricity, Gas 
and Water Supply which in China had a direct CO2 emission intensity that year 1995 
was more than 30 times higher than the corresponding intensity in Sweden. At year 2009 
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the gap had decreased slightly but was still 25 times higher in China than in Sweden. 
See Figure 18 for all the years 1995 to 2009. 

  
That the products from the sectors Electrical and Optical equipment and Textiles and Textiles 
Products accounted for a large share of the EEI from China to Sweden is quite expected and in 
accordance with Sweden’s import composition (see Kinnman (2008)). More noteworthy is the 
service sector Renting of M&Eq and Other Business Activities which products increased its 
share of the EEI from insignificance to be indebted for one of the largest portions year 2009. 
This is interesting due to a couple of reasons, the share of services in Sweden’s import from 
China have been relatively small compared to manufacturing industries but has increased 
markedly. In an emission perspective this may not have drawn much attention since service 
sectors are considered less damaging on the environment, at least when looking at direct 
emissions. These results indicate that service industries may have greater impact on global 
emissions than the general idea, probably due to indirect emissions, and that Swedish policy 
makers must aim more focus on the import of services when treating environmental 
implications. Especially when the Swedish imports of services is rapidly increasing.  
 
As seen from the SIT perspective results, the Electricity, Gas and Water Supply generates by 
far the largest share of the EEI from China to Sweden. Around 50% of the EEI to Sweden from 
China year 2009.  This dominance comes from the fact the near all the other sectors need 
electricity, water and gas for their production processes. Simplifying and generalizing; this 
means that majority of the EEI in products from, for example, Electronical and Optical 
Equipment are indirect due to Electricity, Gas and Water Supply. This also applies for the 
service sectors like Renting of M&Eq and Other Business Activities. The large difference in 
emissions intensities of the Electricity, Gas and Water Supply sector in Sweden and China 
implies that improvement or change of technology may reduce the EEI substantially. With 
increasing Swedish direct investments in China, enterprises need to be encouraged to engage in 
such technical improvements or focus on low-emission industries.  
 
The embodied SOx and NOx emissions from Agriculture, Hunting and Forestry induced by 
Sweden’s import from China increased remarkably from year 2003 and this may be due to 
technology and policy changes related to the sector. This is more discussed in relation to the 
results from the SDA in section 6.1.3. 
 

6.1.3 Underlying Factors of the Change in the EEI Levels 

The results from the SDA: 

� The decrease of embodied CO2 emissions in Sweden’s import from China during the 
years 1995-2002 were mainly induced by a reduction of direct CO2 intensities in the 
Light and Heavy industries. See Table 6 for more detailed results.  
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� The rapid growth of embodied CO2 emissions during 2002-2007 were due to a big 
increase in the import from Light, Heavy and Service industries. Especially the 
escalation in the import from the Heavy industries stood out. See Table 7 for more detail. 

� The notable decrease from year 2007 to 2009 was mainly induced by partly a reduction 
in the CO2 direct intensities and partly a drop in the import value from Light, Service 
and especially heavy industries. Table 8 shows the SDA results for the time period 2007 
to 2009. 

� When evaluating the entire time period it is indicated that the raise in embodied CO2 
emissions is mainly due to effects coupled too Heavy and Service industries. A 
substantial increase in the imports from the Heavy industries was the biggest contributor 
and exceeded the decrease in the direct CO2 intensities. The structural effect from the 
Heavy industries also had a notable contribution the increase. In the case of the Service 
industries, both a significant increase in the imports and in the import composition 
contributed to the growth in embodied CO2 emissions. For more detailed results for the 
entire time period see Table 9. 

� The light industries also had a notable increase to the imports but the reduction of the 
direct CO2 intensities and change in the import composition were counteracting the 
increase. Giving a total contribution from the Light industries that slightly reduced the 
embodied CO2 emissions.  

� The substantial increase of embodied CO2 emissions in the imported products from the 
service sector Renting of M&Eq and Other Business Activities was mainly due to scale 
effect related to increased imports and the structural effect related to change in import 
composition. See Table 10 for detailed results. 

� The extremely sharp increase of embodied SOx and NOx emissions from Agriculture, 
Hunting, Forestry and Fishing during the years 2003 to 2006 was mainly due to the 
technical effect coupled to the emissions intensity. See Table 11 for detailed results. 

 
The results from the SDA indicate that the increase of EEI is mainly coupled to Sweden’s 
import from Heavy and Service industries. The large increase of imports from heavy industries 
is concerning and in this case the structural effect also indicate that Sweden has changed the 
import composition to a bit more emitting intensive industries. That the heavy industries 
contributed to the increase may be expected but just like in the results from the IOA the service 
industries played a big part. Not only because the increased import, but also due to structural 
changes in the import composition.  
 
The separate SDA of the sector Renting of M&Eq and Other Business Activities gives further 
explanation to the increased contribution from service sectors. It is clear from the scale effect 
and the structural effect that Sweden has increased both the imports from this sector and 
percentage share of this sector in total import composition. This means that the imports from 
this sector increased quicker than the average growth rate of imports. This seems to be in 
accordance with the development of Sweden’s import composition from China where the share 
of services is increasing. According to the ISIC rev.3 this sector is an aggregation of quite mixed 
services which motivates further investigations of the embodied emissions in the imports from 
this sector. 
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The SDA results from the light industries are also worth noting. The scale effect indicated a 
large increase of imports and a counteracting decrease coupled to the technological effect, just 
like the Heavy industries. However, different from the Heavy industries the structural effect 
demonstrated that Sweden has changed the import composition to involve less emitting light 
industries. Both the technological and the structural effect may be the reasons to the significant 
decrease in the share of the EEI from the light industry (in this study) Textiles and Textile 
products. In the light of the results from the SDA, it seems as the decrease in emission per 
imported dollar is partly because of the technological improvements from the heavy and light 
industries but also due to changed import composition from the light industries. 
 
The results from the SDA regarding the sharp increase of the share of embodied NOx and SOx 

emissions from Agriculture, Hunting, Forestry and Fishing implies that a technological shift 
occurred around 2003. This shift can be explained by several factors as the subsidy agricultural 
system that was implemented in China 2004. According to Du, Sun and Fang (2011) this led to 
more production effective but also more emission intensive machines in the agricultural sector. 
However, further investigation is needed to address the main reasons behind this shift. Such a 
sharp increase of the emission intensity should also draw the attention of Swedish policy makers 
regarding the import from China.  

6.2 Comparison with Related Studies 

As already mentioned in this thesis very few studies have treated the EEI of Sweden and only 
the report from Statistics Sweden (2014) considers sector distribution and the imports from 
China. Different from this report they used a multi-region input-output analysis instead of the 
EEBT approach and only considered the CO2 emissions with the IPS perspective when 
evaluating sector distributions. This study analyses the sector level in greater depth with the 
distribution connected to SIT perspective and the SDA. However, the results that can be 
compared from Statistics Sweden are relatively consistent with those from this study and Table 
12 shows a comparison in total embodied CO2 emissions at year 1995 and 2009. 

Table 12. Comparison of embodied CO2 emissions (tons) in Sweden’s import from China; total 
value of imported CO2 emissions year 1995 and 2009; Percentage change of the embodied CO2 

emissions from 1995-2009 

 Embodied CO2 emissions (tons) in 
Sweden’s import from China 

 Statistics Sweden 
(2014) 

This study 

1995 3 159 667 2 757 104 
2009 6 138 550 5 482 206 
Percentage 
change 

94.3% 98.8% 
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The increase of the EEI from China is also consistent with input-output studies concerning other 
developed countries. Similar developments can for example be seen in UK (Tang et al. 2013) 
where it was concluded that largest share of the embodied fossil energy was in the import from 
China. Zhao et al. (2016) showed that the embodied emissions in Japan’s import from China 
increased with about 100% during the same time period as in this study (1995 to 2009).  Wang 
et al. (2011) showed a similar pattern in the Chinese export to US for the years 2002 to 2007 
and Yan, Yang, and Priewe (2011) found a similar increase in the Chinese export to EU. In 
common for all the studies is the rapid increase of EEI from 2002 when China entered WTO 
and that the embodied emissions in the Chinese import showed smaller values than in the 
export. This study shows that the same pattern as in these large trade partners for China can be 
found in smaller trade partners as Sweden. The study is also a further example of the emission 
transfer from developed countries to developing countries and in particular China. It also brings 
further indications that international climate agreements as the Kyoto protocol have been 
ineffective.  

When evaluating the IPS perspective, Statistics Sweden (2014) used a slightly different sector 
classification and aggregation but the results compared to this study appears to be similar. They 
concluded that the majority of the embodied CO2 emissions were in the import of electrical and 
optical equipment, textiles, machinery, chemical products, minerals and services. The same 
sectors are the most distinctive ones according to this study. Statistics Sweden also concluded 
that Electrical and Optical Equipment contributed to the largest single share of the embodied 
CO2 emissions in the imported products and stood for 19% in year 2009. The same conclusion 
was drawn in this study but the share of the embodied CO2 emissions at year 2009 was according 
to this thesis 29.3%. The differences may be due to methodological differences or how the data 
was collected and prepared. The same key sector has been pointed out in several studies 
concerning China and emissions embodied in the export (Shang et al. 2016; Zhao et al., 2016; 
Shui and Harris, 2006). 

The results from the IPS perspective also indicated that the contribution to the EEI from the 
service sectors as Renting of M&Eq and Other Business Activities is increasing. The general 
opinion seems to be that service sectors are low emitters because of the low direct emission 
intensities but several studies have concluded that the emissions connected to the service sectors 
are increasing and needs more attention. Yuan et al. (2016) showed with a input-output analysis 
that the service sectors in Beijing and China increased significantly between 2005 and 2012 
where key sectors were the transportation and the scientific studies technical services. Pardo 
Martinéz and Silveira (2012) used a development data analysis and demonstrated an increase 
in emissions from the Swedish service sectors over the period 1993-2008. Zhang et al. (2015) 
concluded in a multi-regional input-output analysis of 41 countries and regions that the 
consumption based emissions of the service sectors are in most countries much greater than the 
direct emissions. This study gives further indication that the service sectors need more attention 
and that the direct emissions intensity can be misleading when evaluating key sectors connected 
to emission generation. 
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Finally, different from Statistics Sweden (2014) this study included an extended time-series to 
2011 and showed that the levels of EEI from China to Sweden were at a local minimum 2009. 
Since Statistics Sweden in their report often compares 2009 years’ levels with 1995 levels this 
may cause implications since the percent change at 2009 was momentous low and the increasing 
trend resumed 2010.  

6.3 Uncertainties 

Results from an input-output analysis can be entailed with several uncertainties. First of are the 
implications with collecting adequate input-output data which especially concern studies like 
this when data is needed from several countries. How input-output data is estimated and 
collected can differ substantially from a country to another. This particularly applies to 
environmental accounts. In this study the data is collected from WIOD which in turn uses 
several data sources. 

The EEBT approach of the IOA can also affect the results by several shortcomings. At the 
expense of transparency comes omission of importing countries to China. This basically means 
that the EEBT approach doesn’t include the IOTs from the origin countries of the import needed 
to produce one dollar of export from a certain sector to Sweden. This differs from a MRIO 
where all the national IOTs for a certain trade are interconnected.  

The deflation to 1995 year prices is also a potential short-coming where one disadvantage is 
within the simplification of the complexity in the diversity of industries and their varying prices. 
In most economies, inter-industry prices are many and diverse and one industry often provides 
more than one product. The deflation method presumes that all cells in a row can be deflated 
with the same index meaning that diversity of an industry is greatly simplified. In 
comprehensive high level disaggregated input-output data this may not be a problem. In this 
study, however, an aggregation of 35 sectors is used which may entail uncertainties in the 
deflation process and affect the results. 

In the extended analysis to include 2010 and 2011 several assumptions have been made due to 
missing data which is increasing the uncertainty. This especially regarding the extrapolation of 
the emission intensities. The intensities can differ from year to year due to several reasons like, 
for example, technological changes, environmental regulations or policy applications. The 
triple exponential smoothing method predicts future values only based on historical data and 
omits other factors that may influence. However, the break in the trend from the extended 
analysis was clear and the extrapolation from the emissions intensities should not differ so much 
from 2009 that such a distinctive pattern would have been different with accurate data.    
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7. Conclusions  
This study has focused exclusively on the embodied emissions in the import (EEI) from China 
to Sweden. Since China owes the biggest share of the EEI of Sweden, this study has aimed to 
extend earlier literature with a time series based in-depth investigation on a sector level during 
the years 1995-2009. This has been carried out with usage of the input-output analysis (IOA) 
and the structural decomposition analysis (SDA) frameworks and the main conclusions are as 
follows: 

� The embodied CO2 emissions in Sweden’s import from China have increased 
significantly by about 100% during the time period 1995-2009 with a sharp increase 
during the years 2002-2007. Even though the EEI decreased from 2007 to 2009 an 
extended analysis indicated that 2009 was a local minimum and that the EEI thereafter 
resumed to increase to 2011. See section 5.1 for detailed results and figures. 

� The products that were indebted for the largest shares of the EEI from China to Sweden 
were imported from the sectors Electrical and Optical Equipment, Textiles and Textile 
products and the service sector Renting of Machinery and Equipment and Other 
Business Activities. The imported products of the service sector Renting of Machinery 
and Equipment and Other Business Activities increased its share of EEI from being 
insignificant 1995 to be indebted for one of the largest shares 2009. See section 5.2.1 
for more detailed distributions and results. 

� Electricity, Gas and Water Supply was by far the single one sector that directly 
generated the most of the total EEI from China to Sweden. A comparison of direct 
emissions intensities of the sector showed a large gap between Sweden and China. The 
direct emission intensity in China where 25 times higher than the corresponding 
intensity in Sweden at year 2009. The share of embodied SOx and NOx emissions from 
Agriculture, Hunting, Forestry and Fishing that was induced by Sweden’s total import 
from China increased sharply from 2003-2006. See section 5.2.2 for more detailed 
distributions and results 

� From the SDA, the increase of the EEI is mainly coupled to the import from service and 
heavy industries. The scale effect from increased imports and the structure effect from 
changes in the import composition is the main driving factors for the increase of the EEI 
from these sectors. The technical effect related to direct emission intensities 
counteracted the increase especially for the heavy and light industries. Changes in the 
import composition from light industries also counteracted the increase significantly 
and these counteracting effects resulted in a decrease of emissions per imported dollar. 
The sharp increase of the share from Agriculture, Hunting, Forestry and Fishing when 
regarding embodied NOx and SOx emissions induced by the total import, was due to the 
technical effect related to changes in the emissions intensities. See section 5.3 for all the 
results from the SDA. 



52 
 

7.1 Further Research  

Further research and in-depth studies on EEI from China to Sweden are needed. This study 
showed that the service sectors needs more attention and one suggestion is to do a IOA and a 
SDA on the imports from one single service sector like Renting of M&Eq and other Business 
Activities. This can further provide clarity to indirect emissions and driving factors coupled to 
the increase in the EEI from service industries. The extended time-series in this study also 
demonstrated that new IOA studies from year 2009 and forward are much needed since the EEI 
from China to Sweden resumed to increase thereafter.  

Swedish environmental policy implications related EEI from China is another topic that needs 
to be further investigated. This study showed that the direct CO2 emission intensities related to 
the Chinese industries that generated the majority of the EEI from China to Sweden, was by far 
more intensive than equivalent processes in Sweden. This may interfere with Swedish 
environmental goals and indicate weaknesses in the Swedish participation of international 
environmental protocols as Kyoto and UNFCCC and an investigation is needed.  

Another topic that need further investigation is the embodied SOx and NOx emissions induced 
by the total import to Sweden from China. Results indicated a remarkably increase in these 
emissions from the sector Agriculture, Hunting, Forestry and Fishing from year 2003 to 2006 
and the SDA implied that the technical effect coupled to the emissions intensity was the major 
contributor to the increase. A suggestion is to make an in-depth study on the sector and further 
investigate the underlying factors behind the technological shift implied in this thesis.  
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Appendix A: EEI from China to Sweden 
 
 

Table A 1: EEI from China to Sweden during the years 1995-2011.  

CO2 (kt) NOx (kt) SOx (kt) Year 

2757,104321 8,427803285 22,30521802 1995 

2577,086687 7,921457705 21,06577075 1996 

2473,929775 7,776391313 19,01398722 1997 

2913,865436 9,264838339 21,39402319 1998 

2765,01208 9,111330677 19,35208653 1999 

2367,303817 7,452429158 16,03204715 2000 

2213,768677 6,904641098 14,5901831 2001 

2228,357904 7,026829148 14,41034454 2002 

3478,013649 10,88782294 22,34793322 2003 

4548,818824 12,06415559 23,45236587 2004 

5997,413727 16,16039555 29,17937546 2005 

7149,960577 19,10279766 34,41214449 2006 

7868,704482 20,42181868 37,18026196 2007 

6324,140678 17,04821075 35,76646129 2008 

5482,206205 15,39971137 31,10050172 2009 

6045,733117 
  

2010 

6154,184432 
  

2011 
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Appendix B: The sector distribution of the EEI with the IPS 
perspective 1995-2009 

Table B 1: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 1-10. 

Agriculture, 
Hunting, 
Forestry and 
Fishing 

Mining and 
Quarrying 

Food, 
Beverages 
and Tobacco 

Textiles and 
Textile 
Products 

Leather, 
Leather and 
Footwear 

Wood and 
Products of 
Wood and 
Cork 

Pulp, Paper, 
Paper , Printing 
and Publishing 

Coke, 
Refined 
Petroleum 
and 
Nuclear 
Fuel 

Chemicals and 
Chemical 
Products 

Rubber and 
Plastics 

2,42 10,18 53,24 885,22 81,09 39,40 34,01 8,16 101,76 151,00 

2,46 10,23 50,24 677,74 73,39 29,46 26,90 7,07 103,17 149,94 

1,81 9,02 52,07 537,73 63,93 23,55 25,35 47,04 134,62 141,90 

2,18 8,66 46,95 546,42 59,44 21,02 20,41 75,14 139,76 161,08 

2,62 5,74 47,81 443,79 50,89 21,24 15,85 53,91 131,56 139,14 

1,25 4,57 37,05 438,34 54,72 19,03 11,04 45,23 121,75 128,04 

1,26 4,39 34,64 407,76 42,51 19,53 9,64 77,71 117,27 111,31 

1,95 4,74 26,57 404,27 37,85 22,52 10,70 139,97 79,05 121,59 

1,66 8,65 48,60 485,46 39,53 31,50 11,53 114,22 138,86 141,15 

2,00 12,84 58,12 587,55 51,62 36,45 14,33 196,74 147,77 180,98 

2,54 15,03 74,47 721,51 73,75 44,93 16,76 63,83 202,52 229,52 

2,68 13,70 83,25 829,66 79,85 55,02 17,03 8,96 223,62 269,55 

3,30 17,79 95,37 847,21 72,03 58,47 18,34 12,10 258,61 314,93 

3,60 16,25 80,36 743,67 59,40 50,19 20,06 11,11 253,23 285,50 

3,86 11,14 80,60 637,38 41,17 36,78 18,08 7,09 188,10 236,33 

 

Table B 2: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 11-20. 

Other 
Non-
Metallic 
Mineral 

Basic 
Metals and 
Fabricated 
Metal 

Machinery, 
Nec 

Electrical 
and Optical 
Equipment 

Transport 
Equipment 

Manufacturing, 
Nec; Recycling 

Electricity, Gas 
and Water 
Supply 

Construction Sale, 
Maintenance 
and Repair of 
Motor 
Vehicles and 
Motorcycles; 
Retail Sale of 
Fuel 

Wholesale 
Trade and 
Commissio
n Trade, 
Except of 
Motor 
Vehicles 
and 
Motorcycle
s 

124,82 371,42 94,13 476,93 37,11 70,08 72,90 0,00 0,00 0,00 

104,80 355,23 95,38 453,26 32,74 55,15 231,95 0,00 0,00 0,00 

125,89 358,24 92,93 535,08 23,92 39,75 111,59 0,00 0,00 13,71 

139,21 429,94 108,23 667,69 31,32 41,85 105,85 0,00 0,00 13,94 

140,11 368,99 102,07 643,42 51,47 47,97 63,27 0,00 0,00 100,33 

105,79 328,33 98,88 689,92 28,73 58,68 15,72 0,00 0,00 1,94 

91,86 334,78 97,77 556,99 26,18 58,53 10,13 0,00 0,00 3,44 

84,31 268,56 120,43 462,54 55,36 76,79 21,48 0,00 0,00 3,38 

121,34 379,79 196,61 703,63 289,68 89,40 70,63 0,00 0,00 10,09 

180,12 484,18 253,21 1011,97 208,60 91,86 33,27 0,00 0,00 6,08 

203,53 637,29 362,03 1187,62 271,35 122,46 73,86 0,00 0,00 17,13 

218,09 716,21 411,27 1651,92 371,13 157,68 105,54 0,00 0,00 18,54 

235,80 879,45 500,75 2104,13 267,54 185,06 58,33 0,00 0,00 16,53 

240,65 765,40 515,25 1927,32 219,93 161,63 23,23 0,00 0,00 0,65 



59 
 

206,62 515,61 406,75 1608,45 141,40 119,95 22,46 0,00 0,00 18,43 

 

Table B 3: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 21-30. 

Retail Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles; 
Repair of 
Household 
Goods 

Hotels and 
Restaurants 

Inland 
Transport 

Water 
Transport 

Air 
Transport 

Other 
Supporting 
and 
Auxiliary 
Transport 
Activities; 
Activities of 
Travel 
Agencies 

Post and 
Telecommunications 

Financial 
Intermediation 

Real Estate 
Activities 

Renting 
of M&Eq 
and 
Other 
Business 
Activities 

0,00 4,52 4,15 8,00 23,89 34,03 25,95 4,05 0,00 22,07 

0,00 3,87 2,03 6,20 16,48 30,02 25,26 2,48 0,00 15,73 

6,77 2,98 1,67 5,54 17,18 31,88 32,27 1,61 0,00 14,57 

30,16 3,58 1,28 6,01 20,65 17,80 38,95 1,18 0,00 151,12 

9,61 3,36 6,28 34,41 34,48 33,09 31,44 0,72 0,00 165,86 

1,50 4,52 4,02 1,70 3,79 2,40 22,47 0,59 0,00 110,36 

14,93 9,95 8,80 4,90 6,42 2,28 3,90 0,11 0,00 141,37 

4,75 11,39 12,61 7,90 9,34 2,21 9,02 0,34 0,00 206,69 

0,26 17,78 31,48 23,96 46,32 7,34 22,68 0,42 0,00 426,53 

0,04 9,05 30,45 19,42 38,11 6,69 73,17 0,21 0,00 803,51 

0,22 0,42 163,35 148,23 194,82 31,95 53,16 1,02 0,00 1071,10 

0,87 0,32 142,79 136,65 236,52 27,19 100,36 0,37 0,00 1248,80 

1,81 0,22 120,69 124,85 221,76 19,51 88,52 0,17 0,00 1334,74 

6,44 0,42 5,32 4,52 10,78 1,53 53,75 0,42 0,00 852,41 

22,04 0,36 51,84 59,93 55,38 4,88 108,77 0,41 0,00 851,09 

 
 
Table B 4: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 31-35. 

Public 
Admin and 
Defence; 
Compulsory 
Social 
Security 

Education Health and 
Social Work 

Other 
Community, 
Social and 
Personal 
Services 

Private 
Households 
with 
Employed 
Persons 

0,74 0,00 0,00 15,84 0,00 

0,38 0,00 0,00 15,51 0,00 

0,18 0,00 0,00 21,19 0,00 

0,38 0,00 0,00 23,67 0,00 

0,33 0,00 0,00 15,25 0,00 

0,04 0,00 0,00 26,91 0,00 

0,09 0,00 0,00 15,31 0,00 

0,11 0,00 0,00 21,95 0,00 

0,09 0,00 0,00 18,82 0,00 

0,27 0,91 0,00 9,31 0,00 

0,07 0,32 0,00 12,62 0,00 

0,08 0,85 0,00 21,45 0,00 

0,04 0,02 0,01 10,61 0,00 

0,09 0,04 0,02 10,97 0,00 
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0,16 0,32 0,08 26,78 0,00 

 

Table B 5: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 1-10. 

Agriculture, 
Hunting, 
Forestry and 
Fishing 

Mining and 
Quarrying 

Food, 
Beverages and 
Tobacco 

Textiles and 
Textile 
Products 

Leather, 
Leather and 
Footwear 

Wood and 
Products of 
Wood and 
Cork 

Pulp, Paper, 
Paper , 
Printing and 
Publishing 

Coke, 
Refined 
Petroleum 
and Nuclear 
Fuel 

Chemicals 
and 
Chemical 
Products 

Rubber and 
Plastics 

9,84 31,52 181,03 2830,52 270,50 127,22 104,06 27,89 281,82 450,38 

11,53 31,91 184,48 2245,07 255,62 97,99 83,63 21,82 297,75 460,34 

9,26 29,19 200,65 1827,16 231,00 81,60 80,10 149,63 397,34 443,74 

11,61 27,97 184,53 1862,20 217,26 72,22 65,30 231,63 408,03 503,58 

13,71 18,93 187,69 1518,85 186,90 73,82 51,93 175,20 386,09 442,48 

6,04 15,24 141,83 1470,01 196,06 64,69 36,63 156,28 328,94 394,03 

5,97 14,84 130,46 1359,17 150,21 65,50 32,10 218,27 325,26 342,84 

10,74 16,53 108,46 1404,00 140,71 77,61 37,33 396,78 223,69 380,72 

8,66 28,35 192,72 1632,89 143,09 105,80 38,62 312,20 389,95 427,37 

37,48 28,83 480,85 2431,35 284,61 151,69 42,08 357,97 306,87 453,43 

58,27 30,46 737,44 3281,14 469,26 203,40 49,38 105,39 397,78 548,57 

73,56 24,82 970,46 4110,02 574,77 265,68 50,26 13,22 438,05 620,53 

89,85 31,02 1092,15 4063,02 502,30 272,45 52,18 17,46 514,64 705,60 

70,88 35,30 677,97 3087,54 329,96 206,33 57,34 20,72 562,76 700,39 

74,62 23,90 681,12 2655,92 227,62 151,72 51,98 13,26 420,41 582,86 

 
Table B 6: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 11-20. 

Other Non-
Metallic 
Mineral 

Basic Metals 
and 
Fabricated 
Metal 

Machinery, 
Nec 

Electrical and 
Optical 
Equipment 

Transport 
Equipment 

Manufacturing, 
Nec; Recycling 

Electricity, 
Gas and 
Water 
Supply 

Construction Sale, 
Maintenance 
and Repair of 
Motor 
Vehicles and 
Motorcycles; 
Retail Sale of 
Fuel 

Wholesale 
Trade and 
Commission 
Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles 

419,69 993,97 272,13 1415,42 110,99 212,31 176,52 0,00 0,00 0,00 

355,49 981,43 279,82 1367,71 99,22 172,08 555,63 0,00 0,00 0,00 

417,96 1003,06 275,26 1631,47 73,23 126,18 272,33 0,00 0,00 44,72 

496,67 1246,40 327,27 2091,05 97,42 134,76 248,67 0,00 0,00 45,88 

521,59 1139,01 319,41 2088,11 164,02 158,26 148,71 0,00 0,00 334,00 

373,83 900,49 294,88 2133,37 88,47 190,43 33,59 0,00 0,00 6,38 

325,84 894,88 286,75 1703,74 79,59 188,29 21,76 0,00 0,00 11,15 

277,69 691,25 350,59 1398,03 167,07 252,38 44,75 0,00 0,00 11,05 

445,92 965,99 559,26 2096,46 856,36 286,21 148,50 0,00 0,00 33,96 

466,58 814,89 506,59 2156,10 448,56 289,57 46,52 0,00 0,00 17,35 

441,16 971,01 662,91 2316,96 538,49 400,29 92,47 0,00 0,00 47,94 

432,54 1047,66 712,25 3084,68 710,37 540,64 115,66 0,00 0,00 50,90 

490,58 1272,89 860,90 3928,31 507,83 618,83 67,55 0,00 0,00 45,77 

734,13 1392,37 1089,19 4381,91 500,21 522,87 35,22 0,00 0,00 2,05 

640,30 943,53 860,71 3656,70 323,12 389,55 34,09 0,00 0,00 58,28 
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Table B 7: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 21-30. 

Retail Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles; 
Repair of 
Household 
Goods 

Hotels and 
Restaurants 

Inland 
Transport 

Water 
Transport 

Air 
Transport 

Other 
Supporting 
and 
Auxiliary 
Transport 
Activities; 
Activities of 
Travel 
Agencies 

Post and 
Telecommunications 

Financial 
Intermediation 

Real Estate 
Activities 

Renting of 
M&Eq and 
Other 
Business 
Activities 

0,00 14,85 43,45 20,65 87,90 133,73 77,38 13,04 0,00 71,26 

0,00 13,37 20,14 15,42 67,70 119,04 75,99 8,14 0,00 51,50 

22,14 10,69 17,49 12,13 70,64 130,31 98,21 5,40 0,00 48,79 

99,52 13,00 13,45 17,83 71,13 73,39 119,22 4,04 0,00 504,97 

32,07 12,16 65,92 103,89 119,96 139,75 98,08 2,49 0,00 558,28 

4,98 15,71 45,63 6,25 17,62 10,77 68,45 2,06 0,00 363,57 

48,83 34,21 89,33 18,91 29,42 9,88 11,81 0,37 0,00 456,27 

15,81 41,24 126,47 35,14 41,81 9,92 27,18 1,15 0,00 666,83 

0,88 61,77 307,76 114,77 218,60 29,46 67,82 1,40 0,00 1353,28 

0,12 50,67 176,78 61,64 112,29 24,74 163,97 0,56 0,00 2123,03 

0,63 2,71 878,48 410,09 423,60 119,90 112,95 2,77 0,00 2820,52 

2,37 2,29 716,74 336,86 510,46 103,27 205,52 1,01 0,00 3324,89 

4,87 1,54 659,33 378,78 482,07 69,01 181,17 0,47 0,00 3481,80 

19,96 2,33 39,02 20,20 36,84 5,43 130,13 1,24 0,00 2354,62 

68,06 1,97 367,37 263,85 196,88 17,03 266,27 1,21 0,00 2350,47 

 

Table B 8: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 31-35. 

Public 
Admin and 
Defence; 
Compulsory 
Social 
Security 

Education Health and 
Social Work 

Other 
Community, 
Social and 
Personal 
Services 

Private 
Households 
with 
Employed 
Persons 

2,44 0,00 0,00 47,29 0,00 

1,26 0,00 0,00 47,40 0,00 

0,61 0,00 0,00 66,10 0,00 

1,30 0,00 0,00 74,52 0,00 

1,15 0,00 0,00 48,84 0,00 

0,15 0,00 0,00 86,04 0,00 

0,30 0,00 0,00 48,69 0,00 

0,39 0,00 0,00 71,53 0,00 

0,30 0,00 0,00 59,45 0,00 

0,76 2,21 0,00 26,07 0,00 

0,19 0,76 0,00 35,45 0,00 

0,22 2,01 0,00 61,11 0,00 

0,10 0,05 0,02 29,26 0,00 

0,25 0,10 0,05 30,88 0,00 
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0,47 0,82 0,19 75,42 0,00 

 
Table B 9: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 1-10. 

Agriculture, 
Hunting, 
Forestry and 
Fishing 

Mining and 
Quarrying 

Food, 
Beverages 
and Tobacco 

Textiles and 
Textile 
Products 

Leather, 
Leather and 
Footwear 

Wood and 
Products of 
Wood and 
Cork 

Pulp, Paper, 
Paper , 
Printing and 
Publishing 

Coke, Refined 
Petroleum and 
Nuclear Fuel 

Chemicals 
and Chemical 
Products 

Rubber and 
Plastics 

17,07 87,80 397,11 6974,04 642,43 332,86 382,17 89,31 784,90 1234,56 

17,38 83,80 374,57 5210,60 571,01 243,40 279,78 72,87 781,48 1206,49 

12,23 72,43 373,28 3980,66 478,18 188,12 238,45 465,12 1010,16 1127,15 

14,17 65,57 319,45 3877,28 423,40 157,83 176,32 678,80 1002,77 1209,88 

16,35 41,99 315,39 3087,09 351,25 155,15 132,26 486,81 947,32 1020,89 

7,85 33,42 236,27 3026,11 370,18 136,03 83,71 440,90 814,53 908,15 

7,61 31,42 216,99 2741,89 278,88 135,51 73,08 633,94 721,04 755,62 

11,34 32,68 161,86 2668,89 242,46 152,16 79,50 1043,08 484,62 807,72 

9,28 58,16 287,62 3208,24 252,51 211,22 86,63 815,69 942,18 965,96 

69,62 59,96 863,12 4709,85 530,99 295,15 85,60 910,89 670,12 946,33 

114,00 58,53 1386,57 6323,30 895,41 394,07 100,86 236,02 848,79 1106,50 

145,06 47,07 1854,15 7925,06 1103,72 515,00 97,85 30,42 896,18 1228,47 

185,83 55,72 2187,82 7968,38 996,15 540,42 95,72 39,15 1083,18 1414,34 

170,68 68,52 1525,69 6708,70 729,50 454,87 112,85 49,10 1347,51 1563,69 

179,71 47,47 1536,46 5790,05 504,64 336,06 103,18 31,48 1011,04 1310,63 

 
 
Table B 10: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 11-20. 

Other Non-
Metallic 
Mineral 

Basic Metals 
and 
Fabricated 
Metal 

Machinery, 
Nec 

Electrical and 
Optical 
Equipment 

Transport 
Equipment 

Manufacturing, 
Nec; Recycling 

Electricity, 
Gas and 
Water Supply 

Construction Sale, 
Maintenance 
and Repair of 
Motor 
Vehicles and 
Motorcycles; 
Retail Sale of 
Fuel 

Wholesale 
Trade and 
Commission 
Trade, Except 
of Motor 
Vehicles and 
Motorcycles 

808,72 3073,37 775,01 3932,41 308,52 542,11 832,80 0,00 0,00 0,00 

662,03 2938,89 766,92 3669,50 267,19 418,72 2602,83 0,00 0,00 0,00 

769,58 2695,37 706,72 4105,84 185,56 292,47 1208,00 0,00 0,00 111,38 

811,52 3102,23 792,67 4900,84 231,84 292,09 1097,23 0,00 0,00 109,19 

766,80 2559,56 722,24 4550,82 363,52 324,72 609,00 0,00 0,00 750,46 

561,15 2110,35 674,30 4654,62 196,10 390,79 141,36 0,00 0,00 14,21 

466,09 2143,10 658,29 3675,30 175,66 381,75 90,47 0,00 0,00 24,73 

407,41 1670,59 791,13 2962,34 362,92 490,97 182,02 0,00 0,00 23,58 

607,72 2317,55 1281,60 4548,61 1888,91 570,71 592,55 0,00 0,00 69,44 

538,89 1791,33 1077,34 4306,23 913,90 556,32 155,94 0,00 0,00 32,42 

560,82 2080,68 1345,23 4532,16 1052,43 762,66 279,12 0,00 0,00 83,74 
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547,51 2050,75 1376,17 5797,38 1330,42 1026,83 336,83 0,00 0,00 85,50 

655,00 2515,00 1658,56 7425,09 945,62 1191,76 202,84 0,00 0,00 73,05 

1013,33 3174,22 2330,71 9106,95 1026,75 1103,87 116,24 0,00 0,00 3,41 

894,76 2161,14 1852,93 7668,99 667,75 829,40 112,49 0,00 0,00 97,30 

 
Table B 11: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 21-30. 

Retail Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles; 
Repair of 
Household 
Goods 

Hotels and 
Restaurants 

Inland 
Transport 

Water 
Transport 

Air Transport Other 
Supporting 
and Auxiliary 
Transport 
Activities; 
Activities of 
Travel 
Agencies 

Post and 
Telecommunications 

Financial 
Intermediation 

Real Estate 
Activities 

Renting of 
M&Eq and 
Other 
Business 
Activities 

0,00 37,76 30,82 30,30 109,39 272,18 250,22 35,62 0,00 186,57 

0,00 31,94 15,01 24,53 79,20 235,36 237,68 21,18 0,00 128,54 

53,80 24,17 11,33 19,42 67,52 236,65 290,95 13,05 0,00 114,15 

231,61 27,94 7,89 24,01 64,49 121,39 330,46 9,27 0,00 1139,39 

70,36 25,17 36,19 137,43 105,80 213,08 251,84 5,42 0,00 1198,16 

10,77 33,03 23,28 6,78 12,45 15,17 170,58 4,36 0,00 775,30 

104,92 71,30 51,50 17,51 18,00 13,77 29,08 0,79 0,00 971,83 

32,45 78,65 70,54 31,56 23,43 12,79 65,08 2,37 0,00 1379,13 

1,74 121,68 159,63 82,95 110,39 40,68 162,74 2,92 0,00 2832,07 

0,22 98,11 97,95 44,02 67,80 41,35 356,05 1,11 0,00 4175,37 

1,09 5,28 440,01 297,40 360,00 197,82 230,97 5,26 0,00 5412,53 

3,94 4,47 365,17 249,99 461,42 172,58 401,91 1,88 0,00 6239,40 

7,43 3,10 317,79 215,72 408,27 110,17 347,10 0,87 0,00 6482,57 

31,83 5,26 17,96 10,04 25,02 9,00 270,85 2,46 0,00 4726,46 

109,19 4,43 180,28 137,94 100,49 28,70 545,50 2,37 0,00 4705,84 

 
Table B 12: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
IPS perspective. The rows show the years 1995-2009. Sector 31-35. 

Public 
Admin and 
Defence; 
Compulsory 
Social 
Security 

Education Health and 
Social Work 

Other 
Community, 
Social and 
Personal 
Services 

Private 
Households 
with 
Employed 
Persons 

6,45 0,00 0,00 130,74 0,00 

3,18 0,00 0,00 121,69 0,00 

1,44 0,00 0,00 160,82 0,00 

2,91 0,00 0,00 171,58 0,00 

2,42 0,00 0,00 104,58 0,00 

0,30 0,00 0,00 180,00 0,00 

0,61 0,00 0,00 99,53 0,00 

0,77 0,00 0,00 138,30 0,00 

0,60 0,00 0,00 117,94 0,00 

1,45 4,66 0,00 50,29 0,00 
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0,36 1,53 0,00 66,24 0,00 

0,41 3,92 0,00 112,69 0,00 

0,18 0,10 0,04 53,30 0,00 

0,49 0,21 0,10 60,23 0,00 

0,89 1,69 0,41 147,30 0,00 
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Appendix C: The sector distribution of the EEI with the SIT 
perspective 1995-2009  

Table C 1: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 1-10. 

Agriculture, 
Hunting, 
Forestry and 
Fishing 

Mining and 
Quarrying 

Food, 
Beverages 
and Tobacco 

Textiles and 
Textile 
Products 

Leather, 
Leather and 
Footwear 

Wood and 
Products of 
Wood and 
Cork 

Pulp, Paper, 
Paper , 
Printing and 
Publishing 

Coke, 
Refined 
Petroleum 
and Nuclear 
Fuel 

Chemicals 
and 
Chemical 
Products 

Rubber and 
Plastics 

53,75 83,59 33,85 263,72 9,98 12,62 42,05 44,91 309,15 52,72 

46,51 78,67 27,61 179,98 7,59 8,35 31,02 39,42 273,14 46,24 

44,22 78,65 25,15 148,82 6,81 7,13 28,48 59,40 237,84 37,84 

46,50 100,12 27,83 155,25 6,76 7,89 35,38 73,48 268,78 45,84 

43,99 83,90 24,48 109,18 5,29 6,52 28,75 65,57 220,37 37,39 

31,55 69,27 16,77 94,19 4,99 5,07 23,93 58,04 203,07 28,28 

29,56 68,07 15,87 85,16 3,79 4,93 21,88 63,70 165,47 24,03 

29,42 67,80 13,35 78,51 3,24 4,85 22,42 78,65 147,59 21,05 

44,19 99,03 20,99 91,36 3,77 7,80 31,70 95,05 217,83 27,61 

63,01 152,88 27,53 124,10 5,41 11,16 56,99 135,88 228,21 41,27 

91,46 174,00 37,17 134,83 6,39 13,46 68,73 133,56 298,72 42,84 

112,81 189,46 41,62 138,86 6,65 15,15 76,15 135,52 364,06 44,90 

111,95 227,48 44,19 139,30 6,14 16,18 78,16 140,02 403,49 47,16 

74,77 215,75 41,79 135,33 5,57 15,79 76,41 95,75 376,30 49,15 

66,97 174,14 37,81 112,93 4,03 11,51 66,46 92,84 297,04 37,82 

 

Table C 2: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 11-20. 

Other Non-
Metallic 
Mineral 

Basic Metals 
and 
Fabricated 
Metal 

Machinery, 
Nec 

Electrical 
and Optical 
Equipment 

Transport 
Equipment 

Manufacturing, 
Nec; Recycling 

Electricity, 
Gas and 
Water 
Supply 

Construction Sale, 
Maintenance 
and Repair 
of Motor 
Vehicles and 
Motorcycles; 
Retail Sale 
of Fuel 

Wholesale 
Trade and 
Commission 
Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles 

212,98 376,13 35,91 34,00 10,41 24,91 1032,45 0,41 0,00 14,26 

180,43 336,65 34,07 31,32 9,01 18,06 1126,11 0,38 0,00 12,87 

196,50 356,21 28,20 31,92 7,29 11,64 1057,27 0,39 0,00 11,22 

246,85 422,38 32,17 37,09 9,78 12,80 1227,91 0,68 0,00 11,30 

236,59 385,33 26,74 31,72 12,28 12,31 1222,08 0,73 0,00 22,15 

204,65 347,57 19,90 28,22 7,10 11,60 1076,02 0,60 0,00 9,15 

175,80 327,83 18,54 22,31 7,03 10,51 1024,94 0,61 0,00 8,64 

165,64 292,20 19,32 18,04 8,76 11,16 1089,22 0,65 0,00 8,09 

225,71 468,32 28,37 22,22 23,45 11,70 1794,90 0,72 0,00 7,40 

330,04 576,93 29,91 28,13 23,48 14,02 2368,15 1,35 0,00 6,72 
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359,34 778,72 36,73 29,25 28,92 14,52 3128,88 1,43 0,00 4,90 

393,83 847,10 41,59 38,02 36,35 14,81 3963,03 1,55 0,00 4,98 

425,57 1001,45 46,02 44,51 27,98 15,23 4405,39 1,58 0,00 5,54 

420,27 834,23 50,21 44,13 23,81 15,53 3497,79 0,89 0,00 5,34 

319,02 685,11 38,59 37,99 17,33 10,93 3030,18 0,85 0,00 5,36 

 
Table C 3: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 21-30. 

Retail Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles; 
Repair of 
Household 
Goods 

Hotels and 
Restaurants 

Inland 
Transport 

Water 
Transport 

Air 
Transport 

Other 
Supporting 
and 
Auxiliary 
Transport 
Activities; 
Activities of 
Travel 
Agencies 

Post and 
Telecommunications 

Financial 
Intermediation 

Real Estate 
Activities 

Renting of 
M&Eq and 
Other 
Business 
Activities 

4,52 3,20 33,82 14,23 21,30 6,37 2,19 3,55 3,39 6,53 

4,20 2,92 27,48 12,31 14,86 6,06 2,05 2,43 2,15 5,47 

4,52 2,19 33,79 14,36 17,85 5,86 2,39 1,52 1,04 4,41 

7,65 2,60 45,32 24,35 28,06 4,26 2,90 1,63 1,09 15,05 

5,63 2,85 49,84 48,89 37,83 7,79 3,02 2,05 1,06 19,85 

3,58 2,14 41,36 37,12 11,77 2,27 3,35 1,36 0,67 12,85 

5,16 2,43 39,63 41,78 16,49 1,84 1,89 1,26 0,62 15,87 

3,65 2,61 40,27 45,49 19,61 1,45 2,14 1,21 0,63 21,73 

3,45 3,68 64,18 67,14 53,26 6,19 3,38 1,64 1,05 39,80 

3,82 6,59 73,10 67,27 56,35 9,54 6,98 2,19 1,40 81,70 

6,10 8,36 145,49 155,19 142,59 23,41 6,03 2,60 1,63 100,78 

6,89 11,27 148,88 164,74 167,71 25,09 9,34 3,20 1,80 115,72 

5,54 12,03 144,34 165,06 169,50 24,85 8,99 3,66 1,62 118,74 

5,66 11,19 82,20 70,74 29,22 12,47 6,28 2,77 1,17 97,00 

7,09 11,96 86,60 101,93 81,36 12,11 8,71 2,62 1,20 91,46 

 

Table C 4: Embodied CO2 emissions (kt) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 31-35. 

Public Admin 
and Defence; 
Compulsory 
Social Security 

Education Health and 
Social Work 

Other 
Community, 
Social and 
Personal 
Services 

Private 
Households 
with Employed 
Persons 

0,09 1,01 0,11 8,98 0,00 

0,05 0,92 0,11 8,66 0,00 

0,02 0,80 0,10 10,13 0,00 

0,03 0,93 0,19 11,00 0,00 

0,03 0,82 0,20 9,76 0,00 

0,00 0,49 0,15 10,23 0,00 

0,01 0,46 0,15 7,52 0,00 

0,01 0,46 0,16 8,98 0,00 

0,03 0,70 0,36 11,02 0,00 

0,06 0,96 0,61 13,09 0,00 

0,12 1,30 1,10 18,88 0,00 

0,24 1,65 1,77 25,21 0,00 
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0,25 1,38 2,00 23,41 0,00 

0,30 1,50 3,00 21,82 0,00 

0,36 1,65 2,96 25,29 0,00 

 

Table C 5: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 1-10. 

Agriculture, 
Hunting, 
Forestry and 
Fishing 

Mining and 
Quarrying 

Food, 
Beverages 
and Tobacco 

Textiles and 
Textile 
Products 

Leather, 
Leather and 
Footwear 

Wood and 
Products of 
Wood and 
Cork 

Pulp, Paper, 
Paper , 
Printing and 
Publishing 

Coke, Refined 
Petroleum and 
Nuclear Fuel 

Chemicals 
and Chemical 
Products 

Rubber and 
Plastics 

326,24 284,07 100,26 841,69 32,04 42,46 132,82 181,18 790,79 163,72 

377,56 271,06 85,09 602,16 25,83 29,35 102,18 121,04 763,69 155,94 

397,41 288,35 75,54 490,82 23,09 26,48 94,05 189,71 676,91 127,39 

450,41 364,21 84,95 515,68 23,18 27,27 117,93 212,53 750,79 153,35 

399,61 326,08 75,41 376,94 18,79 24,88 102,02 216,38 617,43 136,68 

273,27 309,01 58,44 374,27 20,23 22,57 94,99 226,09 493,77 122,15 

246,44 314,29 56,52 350,27 15,92 22,40 89,22 122,74 450,60 108,20 

318,88 345,06 52,83 366,76 15,34 24,22 102,22 144,98 437,07 107,57 

424,54 465,53 76,59 402,24 16,96 35,29 139,90 183,67 647,95 129,13 

3091,55 504,54 79,19 428,81 19,12 37,07 186,05 145,11 403,42 139,59 

5261,15 533,23 102,10 457,80 22,02 43,66 215,58 125,15 437,04 148,76 

7684,58 511,05 103,57 442,80 20,99 45,21 214,60 120,99 538,08 140,43 

7926,04 505,04 93,35 385,03 16,62 41,68 185,63 102,04 613,11 127,38 

4225,15 572,65 103,67 433,92 17,75 47,55 203,40 115,29 700,20 150,78 

3796,23 449,82 95,05 367,46 13,06 35,27 179,01 110,10 551,20 120,93 

 
Table C 6: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 11-20. 

Other Non-
Metallic 
Mineral 

Basic Metals 
and 
Fabricated 
Metal 

Machinery, 
Nec 

Electrical and 
Optical 
Equipment 

Transport 
Equipment 

Manufacturing, 
Nec; Recycling 

Electricity, 
Gas and 
Water Supply 

Construction Sale, 
Maintenance 
and Repair of 
Motor 
Vehicles and 
Motorcycles; 
Retail Sale of 
Fuel 

Wholesale 
Trade and 
Commission 
Trade, Except 
of Motor 
Vehicles and 
Motorcycles 

769,16 864,42 102,45 104,59 34,57 71,27 2434,84 3,22 0,00 50,52 

664,49 843,50 100,21 100,28 31,14 54,40 2632,94 3,49 0,00 48,40 

684,22 895,85 81,23 100,89 25,28 34,44 2510,63 3,35 0,00 42,29 

965,57 1161,73 94,50 121,49 33,77 38,42 2784,46 6,16 0,00 44,81 

987,93 1223,19 81,37 111,84 41,40 38,46 2770,96 7,09 0,00 88,28 

806,25 869,71 70,08 118,12 29,05 41,26 2207,01 6,05 0,00 42,31 

712,02 794,35 67,74 98,06 29,92 38,63 2123,52 6,24 0,00 41,30 

605,48 664,43 79,85 90,71 42,00 45,94 2183,75 7,04 0,00 43,06 

982,73 1046,19 113,08 113,55 108,58 45,74 3660,58 7,22 0,00 40,08 
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986,83 775,54 94,90 118,64 81,48 41,25 3176,04 7,11 0,00 29,09 

873,79 945,42 111,39 122,05 89,66 42,30 3730,89 7,29 0,00 20,47 

876,42 1021,46 111,12 139,08 101,28 39,09 4126,91 6,93 0,00 19,93 

1016,67 1098,22 106,29 141,79 67,85 34,47 4862,78 7,94 0,00 21,08 

1561,25 1150,34 139,32 169,02 68,75 40,84 5097,51 5,51 0,00 23,58 

1230,48 975,40 105,59 142,68 51,67 29,41 4422,06 5,29 0,00 24,62 

 

Table C 7: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 21-30. 

Retail Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles; 
Repair of 
Household 
Goods 

Hotels and 
Restaurants 

Inland 
Transport 

Water 
Transport 

Air 
Transport 

Other 
Supporting 
and 
Auxiliary 
Transport 
Activities; 
Activities of 
Travel 
Agencies 

Post and 
Telecommunications 

Financial 
Intermediation 

Real Estate 
Activities 

Renting of 
M&Eq and 
Other 
Business 
Activities 

15,78 10,81 847,07 31,17 85,27 23,25 10,71 13,71 9,78 20,48 

15,47 10,60 684,92 25,19 72,65 24,41 11,14 9,97 6,49 17,97 

16,42 8,72 780,32 22,73 83,03 24,93 13,29 6,40 3,24 15,02 

28,63 10,87 1002,94 43,31 93,78 16,61 15,76 7,52 3,52 53,29 

21,31 12,45 1066,77 78,84 122,82 29,26 15,92 9,63 3,52 72,25 

15,13 10,79 956,85 99,28 59,12 9,06 17,59 7,67 2,49 53,10 

22,39 12,73 833,56 141,86 82,75 7,29 10,33 7,39 2,39 67,56 

17,38 15,18 848,67 205,40 94,94 6,14 13,34 7,99 2,67 102,18 

15,55 21,25 1292,28 361,99 284,83 23,86 19,88 10,04 4,15 172,43 

13,16 28,99 863,32 246,06 178,80 28,45 31,56 9,74 4,39 273,79 

21,39 34,80 1564,60 481,61 291,73 64,92 25,89 10,87 4,86 315,59 

21,94 42,09 1500,85 437,46 334,02 61,00 36,00 12,26 4,95 322,67 

12,98 38,02 1643,38 593,51 354,63 50,65 28,58 12,14 3,93 278,64 

16,29 41,09 1249,22 399,77 117,20 30,86 25,00 11,75 3,46 265,66 

20,66 44,03 1322,32 575,95 326,33 29,98 36,20 11,71 3,64 254,13 

 

Table C 8: Embodied NOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 31-35. 

Public 
Admin and 
Defence; 
Compulsory 
Social 
Security 

Education Health and 
Social Work 

Other 
Community, 
Social and 
Personal 
Services 

Private 
Households 
with 
Employed 
Persons 

0,32 3,08 0,33 25,73 0,00 

0,17 2,98 0,34 26,43 0,00 

0,06 2,82 0,34 31,12 0,00 

0,12 3,34 0,64 33,28 0,00 
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0,12 3,04 0,71 29,97 0,00 

0,02 2,08 0,59 34,02 0,00 

0,03 1,98 0,61 25,40 0,00 

0,05 2,23 0,72 32,73 0,00 

0,14 3,18 1,45 37,24 0,00 

0,20 3,48 1,86 35,02 0,00 

0,39 4,45 3,06 46,48 0,00 

0,68 5,24 4,40 54,73 0,00 

0,57 3,84 4,14 43,77 0,00 

0,80 4,53 6,98 49,12 0,00 

0,96 5,09 6,97 56,35 0,00 

 

Table C 9: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 1-10. 

Agriculture, 
Hunting, 
Forestry and 
Fishing 

Mining and 
Quarrying 

Food, 
Beverages 
and Tobacco 

Textiles and 
Textile 
Products 

Leather, 
Leather and 
Footwear 

Wood and 
Products of 
Wood and 
Cork 

Pulp, Paper, 
Paper , 
Printing and 
Publishing 

Coke, 
Refined 
Petroleum 
and Nuclear 
Fuel 

Chemicals 
and Chemical 
Products 

Rubber and 
Plastics 

192,04 540,04 186,23 1600,15 60,92 80,73 611,95 664,83 1702,47 311,26 

175,22 443,00 150,56 984,12 42,21 47,97 403,35 531,05 1442,55 254,85 

154,38 447,46 128,39 761,65 35,83 41,09 295,16 732,20 1242,93 197,67 

162,77 541,12 141,26 766,15 34,44 40,51 321,83 810,93 1387,75 227,83 

150,85 435,27 123,48 503,15 25,09 33,22 267,19 780,00 1206,38 182,44 

125,05 402,45 74,37 487,44 26,35 29,40 182,91 807,36 950,18 159,09 

109,10 389,57 74,97 434,17 19,73 27,76 180,86 642,39 532,54 134,12 

103,75 378,10 61,93 401,88 16,81 26,54 187,30 662,23 526,34 117,87 

122,53 485,72 81,16 419,67 17,70 36,82 272,03 698,59 1161,52 134,73 

5687,93 745,89 58,83 633,93 28,26 54,80 333,91 631,29 640,98 206,37 

10293,31 681,23 60,32 584,86 28,13 55,77 420,32 420,61 797,27 190,04 

15180,59 640,43 52,49 554,90 26,30 56,65 353,52 440,97 888,58 175,98 

16444,95 341,32 50,16 260,21 11,24 28,17 118,71 408,64 1063,59 86,09 

10284,68 467,38 72,94 354,15 14,49 38,81 153,91 399,27 1586,78 123,06 

9240,74 367,12 66,87 299,91 10,66 28,79 135,44 381,29 1249,13 98,70 

 
Table C 10: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 11-20. 

Other Non-
Metallic 
Mineral 

Basic Metals 
and 
Fabricated 
Metal 

Machinery, 
Nec 

Electrical 
and Optical 
Equipment 

Transport 
Equipment 

Manufacturing, 
Nec; Recycling 

Electricity, 
Gas and 
Water 
Supply 

Construction Sale, 
Maintenance 
and Repair of 
Motor 
Vehicles and 
Motorcycles; 
Retail Sale of 
Fuel 

Wholesale 
Trade and 
Commission 
Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles 

881,47 2399,88 194,77 198,83 65,72 135,49 11979,51 5,39 0,00 96,05 
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697,74 2189,57 163,77 163,89 50,89 88,90 12832,11 4,72 0,00 79,10 

746,09 1834,84 126,05 156,56 39,24 53,44 11635,83 4,54 0,00 65,62 

943,53 2135,75 140,40 180,51 50,18 57,09 12974,56 6,66 0,00 66,57 

823,16 1945,36 108,61 149,29 55,26 51,33 11957,25 6,44 0,00 117,84 

720,03 1534,87 91,27 153,84 37,84 53,73 9785,83 5,94 0,00 55,10 

552,55 1517,02 83,96 121,55 37,09 47,89 9275,69 6,42 0,00 51,20 

481,21 1359,90 87,49 99,40 46,02 50,33 9335,18 6,14 0,00 47,18 

734,13 1985,16 117,99 118,47 113,29 47,72 15224,42 6,11 0,00 41,82 

662,18 1376,58 140,30 175,39 120,46 60,98 11112,12 4,87 0,00 43,01 

698,71 1843,16 142,31 155,93 114,54 54,04 11769,27 3,66 0,00 26,15 

689,81 1472,09 139,25 174,28 126,92 48,99 12515,71 2,58 0,00 24,97 

899,27 1476,71 71,83 95,83 45,86 23,30 15272,21 3,16 0,00 14,24 

1578,86 2263,68 113,71 137,94 56,11 33,33 17585,26 3,28 0,00 19,24 

1244,36 1924,29 86,18 116,45 42,17 24,01 15235,41 3,14 0,00 20,09 

 
Table C 11: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 21-30. 

Retail Trade, 
Except of 
Motor 
Vehicles and 
Motorcycles; 
Repair of 
Household 
Goods 

Hotels and 
Restaurants 

Inland 
Transport 

Water 
Transport 

Air 
Transport 

Other 
Supporting 
and 
Auxiliary 
Transport 
Activities; 
Activities of 
Travel 
Agencies 

Post and 
Telecommunications 

Financial 
Intermediation 

Real Estate 
Activities 

Renting of 
M&Eq and 
Other 
Business 
Activities 

29,99 20,56 106,32 8,55 27,92 44,20 20,35 26,05 18,59 38,93 

25,29 17,32 85,44 7,95 20,94 39,89 18,21 16,30 10,61 29,37 

25,48 13,53 99,99 8,26 16,88 38,69 20,62 9,93 5,03 23,31 

42,53 16,15 112,16 16,36 17,76 24,69 23,41 11,18 5,23 79,18 

28,44 16,62 105,21 43,22 17,54 39,05 21,25 12,86 4,69 96,44 

19,71 14,05 104,23 41,86 4,24 11,80 22,91 9,99 3,24 69,15 

27,75 15,78 121,58 26,76 7,30 9,03 12,80 9,16 2,96 83,75 

19,05 16,63 115,69 73,68 5,56 6,72 14,62 8,76 2,93 111,96 

16,22 22,17 116,53 72,98 16,29 24,89 20,74 10,48 4,33 179,91 

19,46 42,85 53,04 34,85 9,75 42,06 46,65 14,40 6,49 404,76 

27,33 44,46 56,37 85,04 17,78 82,94 33,08 13,89 6,20 403,18 

27,49 52,75 53,21 70,40 14,27 76,44 45,12 15,37 6,21 404,36 

8,78 25,70 60,01 66,58 15,64 34,23 19,31 8,20 2,65 188,31 

13,29 33,53 56,57 44,74 6,47 25,18 20,40 9,59 2,82 216,82 

16,86 35,94 59,88 64,46 18,02 24,47 29,55 9,56 2,97 207,41 

 
 

Table C 12: Embodied SOx emissions (tons) per sector in Sweden's import from China with the 
SIT perspective. The rows show the years 1995-2009. Sector 31-35. 
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Public 
Admin and 
Defence; 
Compulsory 
Social 
Security 

Education Health and 
Social Work 

Other 
Community, 
Social and 
Personal 
Services 

Private 
Households 
with 
Employed 
Persons 

0,60 5,86 0,63 48,91 0,00 

0,27 4,87 0,55 43,19 0,00 

0,10 4,38 0,53 48,29 0,00 

0,18 4,97 0,95 49,45 0,00 

0,16 4,05 0,94 40,01 0,00 

0,02 2,70 0,77 44,31 0,00 

0,04 2,46 0,76 31,48 0,00 

0,05 2,44 0,79 35,87 0,00 

0,14 3,32 1,51 38,86 0,00 

0,30 5,14 2,75 51,77 0,00 

0,50 5,69 3,91 59,38 0,00 

0,85 6,56 5,51 68,59 0,00 

0,39 2,60 2,80 29,58 0,00 

0,66 3,70 5,70 40,09 0,00 

0,78 4,16 5,69 45,99 0,00 

 


