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back to the original source that generated the emissions. This tracing is possible even if products pass 

through several countries as intermediate products in a multiregional supply chain before they reach 

their final destination with a consumer.  

 

1.3 GLOBAL INPUT-OUTPUT DATABASES 

In recent years, several GMRIO databases have been developed for calculating the embodied air 

pollutants, virtual water, material use, biodiversity loss, and land use associated with international trade 

(see reviews by Tukker and Dietzenbacher, 2013 and Owen, et al., 2014).  Tukker and Dietzenbacher 

(2013) provide a review of the global multiregional input-output tables, models and analysis, as well 

as an overview of the short historical development of the GMRIO frameworks. Owen, et al. (2014) 

made comparisons of analytical outcomes using different GMRIO databases.  

In Table 1.1, six widely used GMRIO databases are presented. They are Eora (Lenzen et al., 

2012a; 2012b; 2013), MRIOs based on data from the Global Trade Analysis Project (GTAP) (Aguiar 

et al., 2016; Peters et al., 2011b), the World Input-Output Database (WIOD) (Dietzenbacher et al., 

2013; Timmer et al., 2015), EXIOBASE (Tukker et al., 2009; 2013; Wood et al., 2015; Stadler et al., 

2018) and the OECD Inter-Country Input-Output (ICIO) Tables (Yamano, 2016). Each database has 

its own strength and weaknesses. Table 1.1 describes and compares the features of these GMRIO 

databases, and it lists the country coverages and year coverages of the databases in the last column.   

These databases are for different years, cover different countries, and have different 

environmental or socio-economic extensions, because they were developed with different aims (see 

Tukker and Dietzenbacher, 2013). For example, EXIOBASE includes external cost values and has 

detailed information on the agricultural sector, which is relevant to land use. According to Table 1.1, 

Eora and the GTAP-MRIO cover more countries than other databases. WIOD, Eora, EXIOBASE 

and OECD ICIO Tables provide time series of annual tables.  
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CHAPTER 2  

A STRUCTURAL DECOMPOSTION ANALYSIS OF THE EMISSION 

EMBODIED IN TRADE3 

 

As we mentioned in Chapter 1, a substantial amount of emissions is embodied in international trade. 

A growing trend of emissions embodied in trade (EET) has been found by a number of previous 

studies. What are the key driving forces behind the changes in EET? Do the key driving forces 

generate the same impacts across countries? The aim of Chapter 2 is twofold. Firstly, to quantify the 

driving forces behind the growth of EET. Secondly, to understand impacts from the driving forces 

on the transfer of emissions among countries. This chapter ends by explaining the uneven growth of 

EET between developed countries and emerging countries. 

 

2.1 INTRODUCTION 

Significant and due attention has been given recently to the effects of rapid globalization and escalating 

international trade on environmental impacts at the national level (Wiedmann et al., 2007). Many 

studies show a growing influence of international trade on national emission trends and find strong 

regional disparities. For example, Peters et al. (2011a) found that most developed countries have 

increased their consumption-based emissions (for which consumers in a country are responsible) more 

than their territorial emissions. This implies that the emissions embodied in imports (EEI) in 

developed countries have grown more than their emissions embodied in exports (EEE) did. At a 

global level, growth in international trade thus undermines national efforts to regulate emissions in 

countries where EEI grows more than EEE. Therefore, effective environmental policies require 

                                                 
3 This chapter is based on Xu and Dietzenbacher (2014). 
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aggregate indicator, such as CO2 emissions, EET, or energy consumption. The effect brought about 

by each of the driving forces can be quantified and evaluated  

In a comprehensive survey of the empirical literature on embodied carbon in trade, Sato (2012) 

reports that large and growing volumes of EET have been found. For example, in 2004 about 4 to 6 

Gt of CO2 was embodied in global trade, which equals 15-25% of the annual global emissions. In 

2008, however, this figure has increased to 7.8 Gt (Peters et al., 2011a) or 28% of global emissions. 

This is in line with ongoing globalization and international integration of supply chains in the past 

decade. The world has seen a rapid growth in global merchandise trade by 460% in value terms 

between 1990 and 2008. During the same period, population and global GDP grew by 21% and 64%, 

respectively (Heston et al., 2011).  

Other reviews have focused on the literature on methodological issues (e.g. Hertwich and 

Peters, 2009; Liu and Wang, 2009; Lutter et al., 2008; Peters and Solli, 2010; Wiedmann, 2009; 

Wiedmann et al., 2011). Three approaches in environmentally extended input-output analysis have 

been used to calculate EET: the single-region input-output (SRIO) model; the bilateral trade input-

output (BTIO) model; and the global multi-regional input-output (GMRIO) model. The distinctions 

between the three models are in the way in which imported intermediate goods are treated and in the 

assumptions that are made about technology and emissions.  

The GMRIO models combine domestic input coefficients matrices with import matrices for 

multiple countries into one large coefficients matrix. They capture the full global supply chain and are 

able to cover feedback effects. Several reviews have concluded that GMRIO models are the most 

appropriate approach for EET quantification at country level (Liu and Wang, 2009; Peters and Solli, 

2010; Rodrigues et al., 2010). It should be stressed, however, that GMRIO models are quite demanding 

in terms of data requirements. Because not all data are available, GMRIO models rest to some extent 
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Mukhopadhyay and Forssell, 2005), Japan (Gerilla et al., 2005; Okushima and Tamura, 2007, 2010; 

Yabe, 2004), Korea (Chung and Rhee, 2001; Park and Heo, 2008; Rhee and Chung, 2006), the 

Netherlands (De Haan, 2001), Norway (Yamakawa and Peters, 2011), Spain (Llop, 2007; Roca and 

Serrano, 2007), the UK (Baiocchi and Minx, 2010), and the US (Weber, 2009). A few studies examine 

a group of countries (each within an SRIO framework), such as De Nooij et al. (2003) for 8 OECD 

countries, and Alcántara and Duarte (2004) for 14 EU countries.  

Some of these studies (like Peng and Shi, 2011; Peters et al., 2007; Rhee and Chung, 2006; 

Yamakawa and Peters, 2011) specifically focus on how changes in trade affect total emissions in a 

single country. An SDA for a large number of countries with a GMRIO model, however, has not yet 

been carried out. Also analyzing changes in EET has received only little attention so far. We are aware 

of only two case studies (Dong et al., 2010; Du et al., 2011). Both used BTIO models to analyze CO2 

emissions embodied in exports and both estimated the effects of changes in the bilateral trade volumes, 

the trade structure, and the emission intensities. Dong et al. (2010) used an index decomposition 

analysis to disentangle the emissions embodied in the bilateral trade between China and Japan and Du 

et al. (2011) applied an SDA to the case of China and the US. This study fills both gaps and studies 

the driving forces of global, regional and national changes in EET for a large set of countries, using 

GMRIO tables. 

 























http://www.wiod.org/database/index.htm
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When production activities shift from rich, developed countries to emerging economies, e.g. 

due to trade, this leads to carbon leakage. In general, EEI growth tends to remain substantial (and in 

some cases even high) in many developed countries, although their EEI levels are already considerably 

higher than those in developing countries. At the same time, their growth in EEE is much lower. For 

example, the last columns in Tables 2.2 and 2.3 show that EEI growth in France, the UK, and the US 

was more than 4 times as high as their EEE growth (and their EEE levels in 1995 were between 55-

70% of their EEI levels). For the UK, Wiedmann et al. (2010) report similar findings. They found that 

the EEI are higher than the EEE for all years from 1992 to 2004, and a clear trend of an increasing 

deficit in this balance (defined as EEE minus EEI). The amount of deficit was 27Mt of CO2 in 1992 

(4.3% of total emissions from production) and peaked in 2002 with 121Mt (20%).  

The percentage and absolute changes (which are not shown in Tables 2.2 and 2.3) in EEE and 

EEI indicate that the emerging economies, especially China and India, are playing an increasingly 

important role in the trade of emissions. From the lists of emerging markets published by IMF, The 

Economist, S&P, and Dow Jones, 9 countries in our dataset appear on each list. These are: Brazil, 

China, Hungary, India, Indonesia, Mexico, Poland, Russia, and Turkey. In total, they are responsible 

for 47% of the world growth in EEE and for 26% in EEI growth. Although the percentage growth 

figures for EEI in individual countries are very large (more than 100% or even 200%, except in  Brazil, 

Indonesia and Russia), the amount of the increase in EEI is only half of that in EEE. This is due to 

much lower values of EEI in 1995 in these countries. So, although emerging economies are expanding 

their EEI they still exhibit an increasing surplus on their emission balance (i.e. an increasing gap 

between EEE and EEI). In addition, we see that the RoW has a higher EEE than EEI growth, both 

as a percentage and in absolute values. A similar finding was reported by Peters et al. (2011a), who 

found that the net transfer of emissions from developing to developed countries increased from 0.4 
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2.8 APPENDIX 

2.8.1 Appendix A 

Polars of structural decomposition analysis are presented below: 
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at lower income levels, but this trend reverses beyond a certain income level. Continued economic 

growth would then lead to lower emissions in per capita terms.    

Over the past three decades, the Environmental Kuznets Curve hypothesis has been the 

subject of many empirical tests. In general, results suggest that the EKCs may exist (e.g., Carson et al., 

1997; Cole et al., 1997; Dijkgraaf et al., 2005; Grossman and Krueger, 1991; 1995; Piaggio and Padilla, 

2012; Selden and Song, 1994; Shafik and Bandyopadhyay, 1992), although the findings vary across 

methodologies (see, e.g. Stern, 2004). Nevertheless, conventional EKC tests have a critical limitation: 

they are only based on territorial emissions (GHGs emitted within the borders of the country). As a 

consequence, such EKCs cannot reflect whether emission reductions at high income levels come from 

lifestyle changes and technological improvements or from the relocation of polluting activities in the 

production process to other countries. 

Emissions and consumption do not necessarily take place in the same country, due to 

international trade in both final and intermediate products. Trade in final products has grown steadily, 

mainly as a consequence of reduced costs of international transportation. With the widespread 

diffusion and improvements of information and communication technology and continuing global 

trade liberalization in the late 1990s and the first decade of the millennium, it has become attractive 

for many multinational firms to relocate stages of production processes to other countries or even 

continents (the emergence of Global Value Chains, see Baldwin, 2016). This has led to a surge in 

international trade in intermediate inputs. Both trends imply that the location of emissions in 

production have become increasingly dissociated with the location of consumption. This leads to an 

important question: Do such relocated emissions have significant impacts on the existence of the 

EKC, in particular given that offshoring generally involves relocation of activities from advanced to 

emerging or developing countries (where multinationals can benefit from lower wage costs)? 
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To answer this question, we test the EKC hypothesis using both territorial and consumption-

based measures. Consumption-based measures indicate the amount of pollutants emitted globally due 

to the consumption of goods and services in a certain economy. These global emissions thus explicitly 

capture relocated emissions. Davis and Caldeira (2010) found evidence that gaps between territorial 

and consumption-based GHG emissions are substantial for a number of high-income countries 

indeed, which reinforces our expectation that the two approaches will lead to different conclusions 

regarding the EKC hypothesis.  

We test the EKC hypothesis using both territorial and consumption-based emissions by using 

data for GHG emissions in more than 150 countries and global input-output tables including data for 

the same set of countries for the period 1970 to 2011. These data are taken from the Eora database 

(see Lenzen et al., 2013a,b). In addition, the relationship between outsourced emissions and income 

is also investigated and discussed. In the next section, we briefly review the previous literature on the 

Environmental Kuznets Curve. Section 3.3 describes the empirical methods and the data. Section 3.4 

presents empirical results. Section 3.5 is devoted to discussion and final remarks. 

 

3.2 BACKGROUND 

Grossman and Krueger (1995) suggested three channels that might explain the EKC: the scale effect, 

the composition effect, and the technological effect. They argue that the first stage of development 

(starting from a situation in which subsistence farming is the dominant activity) requires more natural 

resources and therefore leads to more pollution generation. This is the scale effect. When the economy 

continues to develop, the economic structure shifts toward activities (such as services) that involve 

less pollution. Such changes in economic structure are referred to as the composition effect. Higher 

standards of living also allow countries to develop advanced cleaner technologies and to invest in the 
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diffusion of these, which causes the technological effect. If the composition effect and the 

technological effect taken together are larger than the scale effect, emissions start to decline with 

further development.  

Other theories that explain the EKC hypothesis incorporate related changes, such as the 

demand for environmental quality (e.g., Cole, 2000; de Bruyn, 2000), the substitution between 

pollutants (e.g., de Bruyn, 2000; Devlin and Grafton, 1994), and increasing returns to scale in 

abatement activities (e.g., Andreoni and Levinson, 2001). From the perspective of this chapter, the 

most important cause is emission relocation through international trade, as discussed by e.g. Cole 

(2004), Kearsley and Riddel (2010) and Suri and Chapman (1998).  

With the increase of globalization, gaps between territorial emissions and consumption-based 

emissions have become larger and larger in many economies (Peters and Hertwich, 2008). A number 

of empirical studies have analyzed impacts of trade on the EKC. Stern (1998) observed that the 

poorest US states tend to host more polluting industries, while the richest states have specialized in 

considerably cleaner service sectors. The findings of Carson et al. (1997) and Roach (2013) that an 

EKC for US states exists could thus possibly be explained by relocation of emissions, next to scale, 

composition, and technology effects. 

Lucas et al. (1992) presented evidence that stricter environmental regulations in OECD 

countries have led to a relocation of dirty industries towards poorer countries. Lots of embodied 

emissions are found in imports of OECD countries from poorer countries. Suri and Chapman (1998) 

tested EKCs for energy consumption, using export-manufacturing ratios and import-manufacturing 

ratios to capture trade effects.12 They also found that most industrialized countries had "avoided" 

                                                 
12 Suri and Chapman (1998) defined the export-manufacturing ratio as the ratio of exports values of manufactured goods 
to domestic value added in manufacturing. For the import-manufacturing ratio a similar definition was used.  
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domestic energy consumption by increasing imports. Correcting for the impact of trade led to 

substantially higher turning points of EKCs, i.e. higher income levels have to be attained beyond which 

per capita pollution levels start decreasing.   

Trade indicators related to those employed by Suri and Chapman (1998) were employed by 

Antweiler et al. (2001), Cole (2004), Cole et al. (2011), Harbaugh et al. (2002), Kaufmann et al. (1998) 

and Kearsley and Riddel (2010). These studies present mixed evidence on the EKC hypothesis. One 

reason might be that the trade indicators used in these studies do not fully capture trade effects. 

Importing a car that used to be produced domestically will generally not only lead to reductions in 

emissions in the car manufacturing industry itself, but also in the production of metal products, for 

example. Conventional trade indicators will not show that imports of metal products have increased, 

although these products are embodied in the imported car (Los et al., 2015). The full incorporation of 

the effects of relocated emissions requires the use of consumption-based measures. Their calculation 

is based on a multi-region input-output model that includes all countries in the world as regions.  

Until recently, little empirical work on the EKC has been carried out using consumption-based 

emissions. The main reason for this is data availability and data quality issues related to the estimation of 

consumption-based emissions. The consumption-based emissions are obtained from global multi-region 

input-output tables which were not available until the early 2000s. However, in recent years, the data 

availability and data quality have greatly improved (Tukker and Dietzenbacher, 2013). Some global input-

output databases are publicly available, and they allow researchers to use data with high industry detail on 

(i) international flows of intermediate products, (ii) exports and imports of final goods and services, and 

(iii) emissions of pollutants by industry and country. As a result, relocated emissions and consumption-

based emissions have been estimated and analyzed in more and more recent empirical studies (e.g. Davis 

and Caldeira, 2010; Dietzenbacher et al., 2012; Peters and Hertwich, 2008; Serrano and Dietzenbacher, 

2010). Global input-output tables also enable us to test the EKC hypothesis with consumption-based 

emissions and to directly assess the impacts of relocated emissions on differences in the test results for 

territorial emissions and consumption-based emissions.    





http://www.worldmrio.com/
http://esa.un.org/unpd/wpp/Excel-Data/population.htm


https://unstats.un.org/unsd/snaama/Introduction.asp
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3.4 RESULTS 

This section presents the results of our empirical analysis. In subsection 3.4.1, estimation results using 

territorial and consumption-based GHG emissions are presented and compared. In subsection 3.4.2, 

additional analyses regarding the relationship between income and net outsourced emissions are 

carried out. 

 

3.4.1 Consumption-Based versus Territorial Emissions 

In this subsection, empirical results using territorial emissions and consumption-based emissions are 

presented and compared. Table 3.1 gives an overview of the results for 1970, 1975, 1980, etc., until 

2010.16 

Table 3.1 shows that an EKC is found for the territorial emissions from 1995 onwards. For 

those years, the estimated coefficient for GDP is positive and significant and for GDP squared it is 

statistically significant and negative. However, when the consumption-based emissions are analyzed, 

an EKC cannot be observed: we generally find that only the level of GDP is statistically significant, 

while the estimate for the quadratic term of GDP is never significant.  

  

                                                 
16 Data is not available for 6 countries in 1970s and 1980s. These are Estonia, Lithuania, Latvia, Russia, the Czech 
Republic and the Slovak Republic. The first four countries were part of the Soviet Union and did not become 
independent until 1991. The Czech and Slovak Republics jointly formed Czechoslovakia until 1993. For better 
comparisons of results across years, we carry out additional regressions by excluding these six countries in all years from 
1970-2011. Summaries on the regression results are presented in Tables A1 and A2 of the Appendix. We do not find 
qualitative differences: excluding these countries from the sample does not change our conclusions. 
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Switzerland. Despite these important side notes, the signs of the estimated coefficients and their 

statistical significance indicate that a territorial EKC might exist.  

However, this should not lead to optimism about the prospects of declining emissions when 

income levels increase. An EKC based on consumption-based emissions is only found for three years, 

in the late 1990s. Moreover, the estimated turning points are much higher than those related to 

territorial emissions. As a consequence, even fewer countries attained the income levels required to 

be in the range in which further growth might be accompanied by lower emission levels.  

 

3.4.2 Income and Net Imports of Emissions 

In this subsection, empirical results with respect to the relationship between income and net imports 

of emissions are presented and discussed. Table 3 gives an overview of the estimation results for 1970, 

1975, 1980, etc., until 2010. 

The results in Table 3.3 reveal a positive relationship between the net imports of emissions 

and income levels in the period from 1980 to 2010. From the early 1980s onwards, wealthier countries 

tended to be net importers of emissions and their net imports were larger the larger their GDP per 

capita. Vice versa, poorer countries were the net exporters and their net exports were larger the lower 

their per capita GDP. With the advent of international fragmentation of production processes (the 

emergence of Global Value Chains), especially after 1990, stronger trade effects started to have 

increasing impacts on the GHG emissions of countries. Rich countries import more and more 

emissions from poor countries and the gap increases with income differences and over time. 
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Table 3.3: Regression results for net imports of emissions in selected years 

Years GDP 

1970 -0.0871 

1975 -0.110 

1980 0.0968* 

1985 0.122** 

1990 0.148*** 

1995 0.171*** 

2000 0.105* 

2005 0.148*** 

2010 0.147*** 

Note: The dependent variable is net imports of GHG emissions (in 

ton per capita) and the independent variable is GDP per capita (in 

2005 dollars). *** p<0.01, ** p<0.05, * p<0.1 

 

The question whether changes in international trade have affected global GHG emissions has 

been investigated also by Arto and Dietzenbacher (2014). They did not analyze changes in each and 

every economy included in our analysis but looked into the geographical distribution of drivers of 

changes in worldwide emissions. They found that all changes in the emerging economies (Brazil, 

Russia, India, Indonesia and China) have caused 44% of global emission growth during 1995-2008, 

while the increase in their territorial emissions accounted for 59% of emission growth in the same 

period. This means that 15% of extra global GHG emissions during 1995-2008 have been emitted in 

these emerging countries, but were caused by changes in other countries. This finding of Arto and 

Dietzenbacher (2014) aligns well with the results found in this chapter: emission relocations have 

played an important role in the mitigation of the territorial emissions of wealthy nations and the gap 

between rich and poor countries has grown over time.  
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3.5 DISCUSSION AND CONCLUSIONS 

To investigate the impact of international trade, this chapter estimated and compared EKCs for both 

territorial and consumption-based emissions. Weak evidence for the existence of an EKC is found if 

territorial emissions are analyzed. The turning point of the territorial EKC is found at very high income 

levels, the number of countries in the downward-sloping part is small, and these are (very) small 

countries with a strong specialization in services. If we, despite these side notes, assume that the 

territorial EKC exists, another finding becomes relevant.  

We find a positive relationship between income and net imports of emissions, which indicates 

that countries with higher incomes tend to relocate emission intensive production to countries with a 

lower income and import instead of produce at home. This effect has increased over time and we 

conclude that international trade is a key driver of the existence of territorial EKCs. The consequences 

of this finding are twofold.  

First, the downward-sloping part of the territorial EKC might merely be a reflection of 

emissions that the wealthier countries import from the poorer countries. Furthermore, this effect is 

strongest for the richest countries. For the consumption-based EKC, this implies that the downward-

sloping part becomes flatter and may not even be downward sloping anymore. Our findings 

corroborate this argument as GDP squared is statistically far from significant. Second, the poor 

countries are the net exporters of emissions and the poorer they are the more emissions they export. 

This implies that the consumption based EKC has an upward-sloping pat that is steeper than the 

upward-sloping part of the territorial EKC. Both aspects do not bode well for a world that is 

developing. If poor countries increase their GDP per capita, this will increase global emissions more 

than suggested by the territorial EKC. If rich countries increase their GDP per capita, this will not 

decrease emissions (if at all) as much as suggested by the territorial EKC. Taking into account that 
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only very few, small countries are located in the downward-sloping part of the territorial EKC, this 

suggests a linear upward-sloping consumption-based EKC. The implication is that any increase in 

GDP per capita will increase global emissions.   

Economists have long argued that environmental degradation is not an inevitable consequence 

of economic growth. The opinions that economies adapt well and that the least uncertain way to 

achieve environmental quality is to get rich are still around. These opinions do carry weight in policy 

circles and part of the EKC literature provides empirical support for these. We showed that the EKC 

does not exist if the consumption-based emissions are used. Moreover, the territorial EKC may well 

exist only because of international trade. Replacing GHG emissions in one country by GHG emissions 

in other countries cannot stop global warming. Moreover, if more countries show GDP growth, 

demand (by rich countries) for imports of emission will increase, while supply (by poor countries) 

decreases. This is not possible so that only the richest countries will be able to import emissions. This 

means that the turning point of territorial emissions EKC shifts to higher income levels. With a 

constant or growing population, development might only lead to reduced pressures on the 

environment if an EKC would exist for consumption-based emission indicators.  
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3.7 Appendix 

Table A3.1: EKC turning points excluding the former Soviet Union countries, the Czech 
Republic and the Slovak Republic (1970-2011) 

Years 
Territorial GHG Emissions Consumption-based GHG 

Emissions 

TP ($) # Countries 

 beyond TP 

TP ($) # Countries 

 beyond TP 
1970-1985 _ _ _ _ 

1986 41,235 5 _ _ 
1987 _ _ _ _ 
1988 42,914 5 _ _ 

1989-1994 _ _ _ _ 
1995 45,399 5 _ _ 
1996 42,257 6 _ _ 
1997 48,390 5 50,362 4 
1998 48,582 5 59,091 4 
1999 49,179 5 63,963 3 
2000 54,237 4 _ _ 
2001 51,111 5 _ _ 
2002 56,235 4 _ _ 
2003 58,237 4 _ _ 
2004 _ _ _ _ 
2005 62,632 3 _ _ 
2006 64,385 3 _ _ 
2007 _ _ _ _ 
2008 57,161 7 _ _ 
2009 54,750 7 _ _ 
2010 56,658 5 _ _ 
2011 57,703 5 _ _ 

Note: Countries excluded from the analyses are Estonia, Lithuania, Latvia, Russia, 
Czech Republic and Slovak Republic. The turning point exists only when both level 
and quadratic terms of GDP are statistically significant (at 5% level) and have the 
expected signs. 
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Table A3.2: Regressions results on net imports of emissions excluding the former Soviet Union 

countries, the Czech Republic and the Slovak Republic (1970-2011) 

Years GDP Years GDP 
1970 -0.0871 1991 1.157** 
1971 -0.238** 1992 0.212*** 
1972 -0.229* 1993 0.151*** 
1973 -0.264** 1994 0.167*** 
1974 -0.210** 1995 0.170*** 
1975 -0.110 1996 0.161*** 
1976 -0.0817 1997 0.0963* 
1977 0.00190 1998 0.132** 
1978 -0.0211 1999 0.114** 
1979 0.0655 2000 0.105* 
1980 0.0968* 2001 0.111** 
1981 0.134*** 2002 0.113** 
1982 0.172*** 2003 0.120*** 
1983 0.190*** 2004 0.131*** 
1984 0.141* 2005 0.147*** 
1985 0.122** 2006 0.152*** 
1986 0.120** 2007 0.186*** 
1987 0.159*** 2008 0.159*** 
1988 0.126** 2009 0.146*** 
1989 0.121** 2010 0.146*** 
1990 0.149*** 2011 0.151** 

Note: Countries excluded from the analyses are Estonia, Lithuania, Latvia, Russia, Czech Republic 
and Slovak Republic. The dependent variable is outsourced GHG emissions (in ton per capita) and 
the independent variable is GDP per capita (in 2005 dollars). *** p<0.01, ** p<0.05, * p<0.1 
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CHAPTER 4  

INTERNATIONAL TRADE AND AIR POLLUTION DAMAGES IN THE 

UNITED STATES 

 

In previous chapters, we estimated quantities of CO2 that are the consequence of consumption and 

investment demand in a specific country, but that are emitted elsewhere. We labeled the difference 

"relocated emissions". Emissions of pollutants are known to have health and social-economic impacts. 

For instance, large amounts of SO2 emissions might lead to acid rain, which in turn will cause death 

of forests, damaged properties, reductions in agricultural productivity, as well as a number of negative 

effects on human health. Consequently, importing the output of activities that cause emissions leads 

to reductions of negative local impacts compared to a situation in which the country would host these 

activities within its own borders. The mirror image is that exporting output of polluting activities 

causes more local damages than if the country would just support its domestic consumption and 

investment demand. How can such effects be analyzed in a framework that also takes the effects of 

trade on value added creation into account? This chapter aims to estimate the monetary values of the 

health and socio-economic impacts of emissions in the US as implied by its international trade pattern 

in 2002.  

 

4.1 INTRODUCTION 

Reports by the US Environmental Protection Agency (EPA) show that emissions of air pollutants in 

the US decreased substantially since 1980. Such improvements are often linked to stricter regulations 

and improved environmental efficiency of production processes (Chestnut and Rowe, 1990; USEPA, 

1999; 2011). Empirical studies, however, indicate that the stabilization of emissions in developed 
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countries like the US has partially been due to growing imports from developing countries. Weber and 

Matthews (2007), for example, find a large increase of the relocation of US air emissions to other 

countries, between 1997 and 2004. These are caused by increasing quantities of products imported by 

the US. In Chapter 3 of this thesis, we found similar results for other developed countries.17  

Much of the existing research on emissions relocation via international trade has focused on 

emitted quantities of pollutants. In contrast, this chapter analyzes the impacts of the relocated 

emissions in terms of monetary values. Air pollutants are responsible for many adverse environmental 

effects, such as photochemical smog, acid rain, death of forests, and reduced atmospheric visibility. 

Polluted air can also directly harm human health, cause damages to property, and reduce agricultural 

productivity. The United States reduces its home damages when it imports products from abroad 

instead of producing these products domestically. In the same vein, the US increases it home damages 

when it produces for export purposes. 

What are the benefits of using monetary terms in the impact assessment? First, using a 

common monetary unit allows for direct comparisons of damages generated by various air pollutants 

and computation of the total effects of all air pollutants. Second, unlike physical indicators, monetary 

indicators provide a natural link between the economic and the environmental consequences of trade. 

This implies that agents in the trade policy arena can compare alternative policies on the basis of 

indicators that internalize negative external effects of production activities. Of course, monetary 

valuation has its own limitations and involves the use of subjective prices for these externalities. Still, 

previous studies provide useful estimates in this respect.18  

                                                 
17 See Lutter et al. (2008), Hertwich and Peters (2009), Liu and Wang (2009), Wiedmann (2009), Peters and Solli (2010), 
Wiedmann et al. (2011) and Kanemoto et al. (2014) for other studies related to the impacts of international trade on the 
location of emissions, see Arto and Dietzenbacher (2014) for an analysis of changes over time. 
18 See e.g. Freeman (2002), Ho and Jorgenson (2007), Muller and Mendelsohn (2007; 2009) and USEPA (2011). 
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