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PrefaceAbstract

Consumption based emissions  
are reportedly growing faster than 
national emissions, partly related to  
an increasing reliance on imported 
finished goods. This questions whether 
a consumption, rather than a 
production based approach would be 
more effective in reducing our overall 
emissions. We need to develop some 
new thinking on how to account for  
the GHG emissions embodied in trade 
to help protect the environmental 
effectiveness of climate policy.

Between 1990 and 2010, developed 
countries have generally stabilised or 
reduced their GHG emissions. 
However, emissions embodied in trade 
to developed countries have grown 
rapidly over this time period more than 
neglecting the reductions achieved. 

With this in mind, I approached John Barrett at  
the University of Leeds to gain a new and hopefully 
refreshing perspective on possible policy options. 
Some of John’s earlier work has provided fascinating 
insights on quantifying the levels of carbon in key 
trade flows. John’s good at cutting through the 
confusion and providing clarity, witnessed by the  
fact at time of writing, he has just been voted by 
students at his University as the most Inspirational 
Teacher for 2011/12. As you read the report I hope 
you find that it provides that refreshing view, not 
least because we have also been privileged to receive 
inputs and advice from some of the most published 
authors on related issues to ensure we build on 
existing thinking and research.

There are two specific areas that I hope we have 
made progress on: firstly, to draw out further 
evidence and objectively consider the emerging view 
that “a consumption rather than a production based 
approach may be as equally relevant in reducing 
overall emissions”. Our insights reveal for the UK a 1% 
growth in consumption emissions against a decline in 
territorial emissions for the past 20 years, and in this 
way the report is able to further the debate on the 
adequacy of current emissions pricing systems.

Secondly, to provide some new thinking on 
alternatives to border adjustments. This is clearly 
needed given many years of unsuccessful attempts to 
bring the USA into the world of emissions trading 
and pricing carbon. China depends on both EU and 
US consumption for their current level of GDP 
growth, and talk of border adjustments fuel the 
competiveness debate, causes concern to business 
and creates tension in international negotiations.

Evolving over the past five years, the ‘traditional 
approach’ to managing these issues is the well 
published analyses of competitiveness and carbon 
leakage, mitigating impacts through border 
adjustments, be that taxation or leveling up and  
down at the border. Of course which national border, 
and upon which common accounting method remains 
ambiguous at best, fuelling further tensions. Is 
there another way? This report aims to develop new 
thinking on alternative approaches.

This marks our tenth in a series of reports focused on 
the big issues facing both governments and industry. 
The Centre for Low Carbon Futures aims to produce 
useful insights, drawing on evidence based research, 
led by academics and disseminated at international 
fora. We complement our University member’s 
aims to deliver impact and increase international 
recognition.

Jon Price 

Director, Centre for Low Carbon Futures

With no globally comprehensive agreement until 2020, 
there is a serious concern that the environmental 
effectiveness of climate policy in developed countries 
will be compromised. This report explores how to 
extend the responsibility of developed countries to 
minimise the effects of emission leakage in the 
absence of a global agreement between 2012 and 
2020, focusing on the application of Border Carbon 
Adjustments (BCA) within a system of consumption-
based GHG accounting. 

The report explores the various options available to 
capture the emissions embodied in trade based on 
the current political discussions around the issue. In 
conclusion, it is extremely difficult to devise a system 
that truly captures a large proportion of emissions 
embodied in trade due to the complexity of global 
supply chains. Approximately 95% of the emissions 
would not be captured if the supply chain emissions 
embodied in finished products were not included in 
such a scheme. 

A simplified approach is required that could be 
implemented quickly to ensure the effectiveness 
of climate policy in developed countries. With 
limitations in carbon accounting, even the most 
highly sophisticated BCA could fail to achieve the 
goal of capturing emissions embodied in trade. The 
system must consider how to extend responsibility of 
developed countries to include embodied emissions 
without having a full product level knowledge of 
supply chains.
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Foreword

The international climate negotiations 
are unlikely to result in global emission 
targets for this decade, but are more 
likely to provide frameworks to support 
national and regional climate policy  
and mechanisms for their international 
support. It raises two questions and  
this report sets out options on how  
to tackle them:

First, how to formulate national decarbonisation 
objectives in light of the global carbon footprint of 
internationally traded goods? Should countries with 
an increasing carbon footprint of their imports, 
typically OECD countries, compensate the emission 
increase with more stringent mitigation action in 
other sectors? Or should such countries encourage 
consumers to substitute carbon intensive products, 
both domestically produced and internationally 
imported, with lower-carbon alternatives?

Secondly, how to implement national policies  
to reduce carbon intensity of products that can  
be globally traded. The focus is typically on the  
carbon price, as it creates market opportunities  
and incentives for lower carbon alternatives along  
the often complex production chain. However, a  
clear and strong carbon price for the production  
of internationally traded products is often seen 
to create risks for re-location of production and 
investment. The question is how to avoid that  
these concerns result in low carbon prices and in  
tax exemptions or free allocation of allowances? 

These two questions are often discussed separately. 
What is unique about this new report is that it 
provides a timely contribution by evaluating policy 
options from the perspective of both sets of questions. 

Addressing questions on embedded carbon is linked 
to issues of international trade and can thus easily 
result in heated discussions on the appropriate 
economic paradigm or concerns that national 
specificities and experiences are not respected. 
The report makes three contributions towards a 
constructive discussion. First, it summarises and 
clearly structures the variety of arguments in the 
discussion. Second, it provides numbers to illustrate 
the relevance of the effects. Third, it integrates 
perspectives from different countries, including  
a study commissioned in India. 

The focus of the report – which seems very appropriate 
for the Centre for Low Carbon Futures – is on policy 
options that can support the low carbon transformation 
of industry. The policies will be all the more credible 
for investors and thus effective in accelerating the low-
carbon transformation, where they can be designed so 
that nations that implement more stringent policies are 
not discouraged by negative trade effects. However, it 
will be essential to retain this positive approach, and to 
avoid temptations to use trade related measures as a 
tool to pressure countries into pursuing more stringent 
climate policies. 

The report provides some guidance on how to 
succeed in this process – through close cooperation 
among policy analysts and experts across countries 
and with their respective policy makers, to develop 
a shared perspective on the different options based 
on evidence, numbers and understanding of national 
specificities. The urgency for such an effort is 
confirmed by press statements of the newly appointed 
French industry minister calling for a carbon tariff. To 
avoid that such an initiative triggers fierce responses, 
it needs to be embedded in an international dialogue 
that ensures that any measure jointly addresses 
climate, economic and development objectives.  
A concrete discussion based on the example of simple 
products like clinker and cement might provide both 
a platform to build such understanding and trust, and 
could be the starting point for gradual progress.

Karsten Neuhoff

Head of Department for Climate Policy, German 
Institute for Economic Research (DIW Berlin) 



ghg emissions embodied in trade. Published 2012.08 ghg emissions embodied in trade. Published 2012. 09

Key Policy Insights

Numerous publications highlight the need  
for global emissions to peak by 2020 to have any  
chance of achieving a two degree emissions target. 
The contribution to cumulative emissions now and 
in the future demonstrates the leadership role 
required of developed countries. 

While emissions in many developed countries 
have either reduced or stabilised since 1990, 
consumption-based accounting has demonstrated 
that the increases in consumption is a key driver of 
emissions in rapidly developing and least developing 
countries. The concept of “common but differentiated 
responsibility” has been interpreted as established 
targets for developed countries and no targets for 
others. However, under the Kyoto Protocol this 
resulted in territorial emission reduction being lost 
as emissions from imports were greater than the 
reduction achieved. Added to this, numerous studies 
demonstrate that current territorial commitments  
will simply not be sufficient.

There is clearly a need for the concept of “common 
but differentiated responsibility” to be interpreted 
as more than having or not having a target. One 
approach is to extend the responsibility of emissions 
of developed countries to include their consumption-
based emissions as well as the emissions that occur 
within the territory of the country.  

This report explores one approach, border GHG 
emissions adjustments, to assess whether it 
has application in extending the responsibility of 
developed countries to take account of the emissions 
associated with consumption. It explores the 
importance of specific design elements of a BCA in an 
effort to ensure that such a scheme would capture the 
emissions of imports already priced domestically. The 
key insights for policy makers are:

1. Consumption based emissions 
 growing faster than national emissions

By 2020, for the majority of developed countries, 
emissions embodied in imports to satisfy 
consumption will be higher than that emitted within 
the country. For example, the UK’s territorial 
emissions are declining by approximately 1% a 
year, while from a consumption-based emissions 
perspective they are increasing by 1% a year. At 
present climate policy in developed countries is 
almost entirely dominated by changes in domestic 
technology and emissions embodied in imports 
undermines the environmental effectiveness of 
climate policy. 

Currently only 11% of global emissions are priced. 
If the imports were captured related to priced 
commodities to countries with trading schemes, 
this would double to 22%, demonstrating the huge 
greenhouse gas mitigation potential by extending 
responsibility to a consumption-based approach.

There is little doubt that there needs to be a scheme 
to address the issue of emissions embodied in trade. 
Without such a scheme, emission reduction targets  
by developed countries between 2012 and 2020 could 
be completely undermined by imports.

RECOMMENDATION: using border GHG 
emissions adjustments to expand the 
responsibility of developed countries from 
emissions to satisfy consumption is one way 
to capture the emissions embodied in 
imports, however there are a number of 
issues to overcome and simplified systems 
that are focused on climate mitigation and 
speed of implementation are the best way 
forward.

2. GHG emissions in finished products  
must be accounted for

INSIGHT: Without truly accounting for embodied 
emissions in the finished product, as opposed to 
capturing the emissions related to the raw materials 
currently priced, our analysis shows that 95% of 
the emissions would be lost. By way of example, 
European countries don’t import electricity from 
China, but the emissions from Chinese electricity are 
embodied in many of the products consumed. These 
would only be captured through understanding the 
complete supply chain emissions of finished products.

No GHG emissions accounting can accurately and 
robustly measure the emissions associated with 
individual products taking into account global supply 
chains and individual country efficiencies at a low 
cost. While many of the methodological challenges 
to achieve such a system are known, the data is not 
available now and most likely not in the future.

Recommendation: A simplified scheme that 
overcame the complexities of establishing 
the embodied emissions in finished products 
is required. Considerable time and effort 
could be wasted in deriving such a system 
that would not truly capture the embodied 
emissions in trade.

3. Least Developed Countries can be  
exempt from Border adjustments

INSIGHT: Excluding LDCs would make no difference 
to the effectiveness of border GHG emissions 
adjustment. The results suggest that the impact 
of excluding LDCs would be small as imports from 
LDC’s only represent 1% of emissions embedded in 
imports. Excluding traded flows considered not to be 
material has more of an impact, but still 73% of the 
relevant export emissions would be captured.

Recommendation: By excluding LDCs would 
allow room for their development while 
not undermining the environmental 
effectiveness of developed country 
climate policy. However, excluding LDCs 
risks distorting investment and trade 
flows and excluding non-material flows 
would leave the system more open to legal 
challenge within the WTO.

4. A complex matrix of Border GHG emissions 
Adjustments could be counteractive and 
fail to capture all the emissions embodied  
in trade. 

INSIGHT: Time is of essence. A simplified approach is 
required that could be implemented quickly to ensure 
the effectiveness of climate policy in developed 
countries. With limitations in GHG emissions 
accounting, even the most highly sophisticated BCA 
could fail to achieve the goal of capturing emissions 
embodied in trade. While issues of investment 
leakage are important, it is an imperative not to lose 
sight of global mitigation goals.

The design of a mechanism has to take on some 
extremely important elements. Primarily, the key 
message is simplicity. The system must consider 
how to extend responsibility of developed countries 
to include embodied emissions without having a full 
product level knowledge of supply chains.

Recommendation: Such a system could either 
make a domestic adjustment to an existing 
scheme. For example, the EU ETS could take  
a consumption-based approach and add the 
imported emissions into the scheme without 
adjusting the cap. This would have the added 
benefit of driving innovation in low GHG 
emissions technologies and providing a 
clear signal to the consumer through a 
change in price. The additional revenue 
could be used to fund international climate 
mitigation schemes that would result in a 
reduction in emissions of imports. 
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1. Executive summary

Numerous publications highlight the 
need for global emissions to peak by 
2020 to have any chance of achieving  
a two degree emissions target.  
The contribution to cumulative 
emissions, now and in the future, 
demonstrates the leadership role 
required of developed countries  
to acheive this goal. 

This report explores how to extend the responsibility 
of developed countries to minimise the effects 
of emission leakage in the absence of a global 
agreement between 2012 and 2020, focusing on the 
application of Border Adjustments within a system  
of consumption-based GHG accounting.

The GHGs embodied in the trade of goods and 
services has been increasing at a rate of around 
6% per year for the past 20 years. Not only is global 
trade growing at a faster rate than global GDP, but 
also the countries which often have the most GHG 
intensive production are expanding quickly, while 
manufacturing in countries with a limit (or ‘cap’) 
on their GHG emissions have typically remained 
stable. These issues together undermine the present 
territorial system of accounting for GHGs as policy 
efforts by some countries to reduce global emissions 
are being undermined by consumers in these 
countries importing good from outside these systems 
of control (i.e. system leakage). System leakage takes 
two forms. Strong system leakage occurs as a result 
of the climate change policy; whereas weak system 
leakage represents the flow of embodied GHGs into 
the system with climate policy. 

Peters et al. (2011) demonstrated that the volume of 
emission reductions made by countries with a legally 
binding agreement during the period of the Kyoto 
Protocol were lost through system leakage. Although 
there is insufficient evidence for this to represent 
strong system leakage, such pressures act to limit 
the scope that governments who have committed to 
reduce their GHG emissions have to control all of the 
GHGs emissions associated with their citizens. The 
outcome from the Conference of the Parties (COP) in 
Durban means that this situation is set to perpetuate 
for a further eight years. 
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Figure 1: The present scope for Border Adjustment - MtCO2

Based on 2004 data.

The results are for all existing GHG pricing assuming a EU ETS design. The results are presented as a series of sensitivities based on 2004 data. 

Figure 2: The volume of emissions captured due to Border Adjustment design element:  
Extending existing trading schemes – MtCO2e

The hypothetical volume of GHG emissions which 
could be involved in a Border Adjustment scheme 
within the Kyoto system, is considerable at 9,383 
MtCO2e or 29% of global industrial emissions 
including emissions from goods exported from  
Annex I countries that could potentially have 
remittance payments under certain system designs. 
However, only 11%1 of global industrial emissions  
are being emitted within a pricing mechanism.  
A further 11% of emissions are embodied in imports 
to a country with a trading scheme related to the 
priced commodities (such as electivity, cement,  
steel, aluminium etc (see figure 1).

The project team modelled the impact of introducing  
a number of the key design elements related to Border 
Carbon Adjustments. The results are presented in 
Figure 2 in the form of a series of variation in the 
design of a Border Adjustment system implemented 
for the existing GHG emissions trading systems.

The results suggest that the impact of excluding Least 
Developed Countries (LDCs) would be small as imports 
from LDCs only represent 1% emissions embedded in 
imports. Therefore, from an emissions perspective, it 
would be appropriate to exclude LDCs from a scheme, 
giving additional room for development. Excluding 
traded flows considered not to be material2 has more 
of an impact, but still 73% of the relevant export 
emissions would still be captured. 

The most important design element that would 
affect the level of emissions captured relates to 
direct and indirect emissions. Direct emissions 
refer to emissions associated with the import of 
raw materials, such as steel or aluminium, without 
including any emissions that occur through the 
supply chain in their production. The reality being 
that European countries don’t import electricity from 
China but finished products that have emissions 
from electricity in their production. If the full supply 
emissions are not included, 95% of emissions are lost, 
rendering the system ineffective. 

In conclusion, countries attempting to use pricing 
mechanisms, such as a trading scheme, only 
capture 50% of the emissions associated with the 
consumption of the priced commodities. They account 
for 11% of global emissions; a further 11% is imported 
that is not captured. It is essential that mechanisms 
to mitigate these emissions are considered. The 
responsibility sits firmly with the developed countries 
from the perspective of cumulative emissions, per 
capita emissions and the ability to act to achieve 
emission reductions. 

However, by not capturing the embodied emissions 
through the supply chain associated with finished 
products, 95% of the emissions embodied in imports 
would not be included in the scheme. Currently, 
while there are a number of models that can, with 
some precision, understand the emissions embodied 
in the imports of large product groups, there is no 
system that can accurately and robustly measure 
the emissions associated with individual products 
taking into account global supply chains and individual 
country efficiencies at a low cost.

Therefore, the design of a complex scheme of Border 
Adjustments of GHG emissions could be counteractive 
as it would, most likely, not capture the carbon 
embodied in imports. The design of a mechanism 
has to take on some extremely important elements. 
Primarily, the key message is simplicity. The system 
must consider how to extend responsibility of 
developed countries to include embodied emissions 
without having a full product level knowledge of 
supply chains.

Such a system could either make a domestic 
adjustment to an existing scheme. For example, the 
EU ETS could take a consumption-based approach 
and add the imported emissions into the scheme 
without adjusting the cap. This would have the 
added benefit of driving innovation in low carbon 
technologies and providing a clear signal to the 
consumer through a change in price. The additional 
revenue could be used to fund international climate 
mitigation schemes that would result in a reduction in 
emissions of imports. 

1 Calculated based on total 2004 global emissions of GHGs being  
32,301 MTCO2e

2 In the failed Waxman-Markey bill had a range of materiality clauses but 
the main one assumes materiality to represent more than 0.5% of total 
global GHG emissions and less than 5% of United States imports of covered 
goods with respect to the eligible industrial sector.
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2. introduction

2.1 The Issue

The Kyoto Protocol was adopted in 1997 as a key 
policy response by the international community to 
tackle the issue of climate change. It included targets 
for some countries but not all, under the notion ‘of 
common but differentiated responsibilities’. However, 
this agreement has not eliminated the growth in 
global emissions. Between 1990 and 2010, global 
emissions grew by 40% and the growth rate in the 
later years was faster than the previous 10 year 
(Peters et al, 2010). In this sense, while the Kyoto 
Protocol has been in place, global emissions have 
gone up and are growing at a faster rate. In fact, the 
highest annual growth rate in emissions occurred 
between 2009 and 2010, amounting to nearly 6% 
(Peters et al, 2010).

Additionally, global trade is growing faster than 
global GDP. Between 1990 and 2008, world trade has 
almost tripled, growing by 6% a year on average. The 
growth of world gross domestic product (GDP) was 
significantly slower, with 3.1% per year on average. 
The ratio of world exports of goods and commercial 
services to GDP in real terms has increased steadily 
since 1985, and increased by nearly one-third 
between 2000 and 2008. However, it decreased in 
2009 as world trade fell as a result of the Global 
Financial Crisis (WTO, 2010). 

A tonne of GHG emission has the same radiative force 
irrespective of where it is emitted. Therefore, the fact 
that no global agreement has been in place has led to 
a situation where climate change mitigation policies 
in some countries has potentially been undermined 
by the growth in emissions in others. The GHGs 
embedded in traded goods has been increasing. In 
1990, the global carbon dioxide emissions associated 
with exported products was 4.3 Gt CO2 (Peters et al, 
2011). In 2008, this figure was 7.8 Gt CO2, an increase 
of 62% between 1990 and 2008 and an average annual 
increase of 4.3% (Peters et al, 2011).

There is the added concern that the countries with 
the most GHG emission intensive production are 
expanding quickly, while manufacturing in countries 
with a GHG cap as introduced under the Kyoto 
Protocol have tended to remain stable. One of the 
consequences of international trade has been an 
increase in production in emerging economies such  
as China, Russia and India. In these countries, the 
GHG emission intensity of goods (measured as CO2/$) 
tends to be higher than many of the countries that 
ultimately consume the goods and services (Davis and 
Caldeira, 2010). Whilst much of this expansion has 
been driven by lower labour rates in these emerging 
economies, this still represents a leakage from the 
present regime of accounting for GHG emissions. In 
this sense, Peters (2010b) distinguishes two categories 
of system leakage; weak and strong leakage:

•  Weak system leakage relates to the flow of 
embedded GHG emissions into a system 
irrespective of a specific government policy. 

•  Strong system leakage refers to an increase in 
global emissions due specifically to climate policy.

There is clear evidence for the occurrence of weak 
system leakage but less evidence for the existence 
of strong system leakage at today’s GHG emissions 
prices. However, both forms of leakage limit the 
political opportunity of Annex B governments to take 
the kind of far reaching future actions on climate 
change that are thought necessary.

Added to this, there is considerable evidence to 
suggest that time is running out to ensure that 
cumulative emissions do not exceed a level that  
would result in a two degree temperature rise.

2.2 What are the prospects for the near 
future?

The conclusions of the Conference of the Parties 
(COP) in Durban means that there will be no 
comprehensive global agreement in place until 
2020, and even then it is not assured that this would 
lead to an agreed reduction in global emissions. 
Therefore, there is a period between 2012 and 2020 
where there are no measures in place to mitigate 
emission leakage; thereby potentially undermining 
climate policy in Annex B countries. Peters et al (2011) 
demonstrated that the reductions made during the 
period of the Kyoto Protocol by countries with legally 
bindings agreements were lost through system 
leakage. We now face another eight years where this 
situation will continue and potentially hamper efforts 
to limit global temperature to two degrees.

2.3 Aim of this study

This study explores how to extend the responsibility 
of developed countries by minimising the effects of 
system leakage of GHG emissions in the absence of a 
global agreement between 2012 and 2020. It focuses 
on the application of Border Adjustments within a 
system of consumption-based accounting for GHG 
emissions and aims to:

Quantify the reduced level of GHG emissions 
captured when different design elements are 
introduced to constrain the system of border 
adjustments.

As background to this, the project explores the 
following question:

“Can current GHG emissions trading schemes 
in Annex B countries be extended to include the 
GHG emissions embedded in imports in an effort 
to minimise the negative consequences of system 
leakage4?”

In doing so, it explores the legal justification  
for the various motives for introducing Border 
Adjustment, but does not set out to provide a  
definitive legal opinion. 

2.4 Structure of the report

The remainder of this report is structured as follows:

•  Section 3: ‘Ways of accounting for GHG emissions’ 
introduces ways of accounting for GHG emissions 
and how the different accounting approaches can 
lead to very different conclusions about a country’s 
emissions.

•  Section 4: ‘Responses to carbon leakage’ identifies 
how Annex B countries have responded to the Kyoto 
Protocol and explores Border Adjustments of GHG 
emissions responds to this situation.

•  Section 5: ‘Methodology and Analysis’  
presents the various methods used to undertake 
the analysis, which focuses on extending the 
current trading schemes to account for more 
consumer emissions.

•  Section 6: ‘Results of the analysis’ presents the 
outcome of the examination focusing on sensitivities 
for the volume of GHG emissions that might be 
captured when certain elements constrain the 
design of the Border Adjustment regime.

•  Section 7: ‘Recommendations and Further 
Research’ concludes from the analysis and 
proposes some recommendations and a number of 
areas of future research.

•  Section 8: ‘Annexes’ contain detailed descriptions 
of the MRIO model, tables of numbers used to 
generate the graphics and further results.

3 Note, not all Border Adjustment schemes would include export adjustment.

4 Note this this includes all forms of leakage and not just investment leakage.
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3. Ways of accounting for ghg emissions

There are three main ways in which GHG emissions 
can be allocated to countries:

1.	 Territorial-based emission inventories are 
the basis of the UNFCCC regime. The UNFCCC 
methodology accounts for all emissions emitted 
from a country’s territory, but do not consider 
those emissions related to international aviation 
and shipping.

2.	 Production-based emission inventories report 
GHG emissions based on the system of economic 
activities in line with Gross Domestic Product 
(GDP). Under this system, international aviation 
and shipping are typically allocated to countries 
based on the operator of the vessel.

•  Consumption-based emission inventories allocate 
emissions to the consumers in each country. There 
is no standard and internationally agreed 
methodology to estimate these. They are usually 
based on final consumption, which means that 
exports are subtracted from domestic emissions and 
imports are added (Peters, 2008). Consumption-
based emissions are currently not reported officially 
by any country, but they are increasingly estimated 
by researchers (see reviews by Wiedmann et al., 
2007 and Wiedmann, 2009b).

3.1 Illustration from a UK perspective

From a climate change mitigation perspective, how 
emissions are accounted for is important, as different 
allocations may give preference to different mitigation 
strategies. This issue is illustrated by using these 
three systems to account for UK recent emissions. 
The case of the UK has been used to illustrate this as 
it represents an economy with particularly high levels 
of system leakage. Wiedmann and Barrett (2011) 
undertook such an analysis looking back to 1990.  
The results are shown in Figure 3.

Figure 3 illustrates the potential scale of variation that 
can emerge between territorial and consumption-
based emissions. In this case, the UK’s economic 
structure has focused on lowering its emitting 
activities, but its citizen’s consumption has pushed 
emissions up. Figure 3 shows that:

•  From a territorial perspective, the UK GHG 
emissions reported to the UNFCCC have shown  
a 19% reduction between 1990 and 2008, 
representing an annual decline of around 1% a year. 
On this basis, the UK Government has achieved its 
target established under the Kyoto Protocol.

•  From a production perspective, there has been a 
14% reduction (blue line in Figure 3). Explaining the 
difference with the UNFCCC territorial estimates is 
those production GHG emissions that were not 
accounted for under the Kyoto Protocol have 
doubled between 1990 and 2008.

•  From a consumption perspective, there has been 
an increase in GHG emissions in the UK. In 2008, 
consumer GHG emissions were 20% higher than 
1990. The UK’s GHG emissions from a consumption 
perspective are rising at a rate of over 1% a year.

This has created a consumption-based ‘GHG emission 
trade deficit’. The GHG emissions embodied in 
imports in order to satisfy UK consumption were 
greater than emissions due to domestic production 
(Barrett and Minx, 2011). Looking forward, this deficit 
is set to increase in the UK at least, where by 2050 
domestic emissions could represent fewer than 
20% of the UK’s consumption-based emissions (see 
Barrett el al 2011d).

Not all countries have experienced this situation to 
this degree, and of course there are corresponding 
‘GHG emission trade surpluses’ in many countries. 
Recent work (Peters et al, 2010) has identified that 
22% of carbon emissions in developing countries  
were created during the production of goods that 
were consumed by citizens in developed countries  
(shown in Figure 4).

3.2 The impact of accounting approach  
on key emitters

Peters et al (2010) explored the growth difference 
between consumption-based and territorial-based 
CO2 emissions since 1990 for the top ten emitters. 
This difference was found to be the largest for the 
UK, with a 23% growth difference in 2008 from 1990, 
compared to 8% for the US and 7% for Canada. There 
were of course countries where territorial-based CO2 
emissions where greater than consumption-based 
emissions, most notably China where the difference 
was found to be nearly -47%.
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4. Responses to system leakage  
of GHG emissions
4.1 Existing responses to the Kyoto Protocol  
and system leakage of GHG emissions

Under the UNFCCC system of territorial accounting, 
some Annex B countries and regions have introduced 
policies that effectively place a cost on industrial 
sectors emissions of GHGs, either via taxes on 
GHG emissions or trading schemes. Within a 
closed system, these should provide an incentive to 
producers to reduce their emissions and consumers 
to reduce their consumption due to the increased 
prices of GHG emission intensive products. However, 
we live in an ever-increased globalised world where 
trade introduces the prospect of leakage from such 
systems, potentially leading to the undermining of 
GHG emission policy in regions that have introduced 
GHG emission mitigation measures. The following 
events illustrate those occurring in this context:

1.	 The USA has cited this issue in their reluctance to 
introduce costs for emitting GHGs: Competition 
and leakage concerns formed an important 
part of the considerations for such policies. The 
proposed Waxman-Markey and Kerry-Lieberman 
bills failed to pass, but both had measures 
intended to mitigate concerns about competition 
from imports.

2.	 The EU has allocated some free allowances: EU 
policy makers have not felt able to impose the 
full costs on those sectors that produce the most 
energy intensive and freely traded commodities, 
as it is believed that the resulting competition 
pressures would lead to greater system leakage 
from the policy. Within the EU’s Emission Trading 
Scheme (EU ETS), the response has been to 
award free allowances to companies within these 
sectors as a way of mitigating these concerns5. 
It should be noted that free allowances will not 
always protect against all kinds of leakage in all 
cases. Companies issued with free allowances 
remain free to use them as they wish, including 
selling them on to other companies in other 
sectors. Companies in sectors who receive free 
allowances therefore do have the incentive to 
reduce the emissions that are emitted within the 
EU, but this might be achieved by reducing output 
within the EU leading to leakage from the EU 
ETS. What free allowances therefore effectively 
do is provide compensation in line the marginal 
additional cost of emitting a tonne of CO2, and in 
doing so improve the financial robustness of the 
companies faced with competition pressures.

These contextual events mean that the UNFCCC 
system is diminished in its effectiveness, and 
developed countries have failed to take full 
responsibility. Furthermore, as free allowances act 
to compensate producers rather than necessarily 
increase prices (see Stephenson & Upton 2009), they 
do not guarantee that the price of these basic energy 
intensive commodities will increase to reflect the 
need to reduce emissions.

A leading policy response has been to the use  
of Border Adjustment policies aimed at levelling  
the GHG emission costs imposed on imported  
goods in line with domestically produced goods. 
Proposals to introduce a Border Adjustment scheme 
have raised notable concern at an international level, 
and therefore the prospect that a trading partner 
might take trade disputes to the WTO against a 
discriminatory adjustment regime has become  
an issue.

4.2 Future responses to system leakage of 
GHG emissions

One obvious response to system leakage of GHG 
emissions is to introduce levelling taxes on traded 
goods at the border. Adjusting for taxes on products 
at the border is neither new nor necessarily 
controversial. Examples include purchase taxes, 
which are levied on products within the supply chain. 
These are essentially consumption taxes and it has 
therefore been appropriate to ensure that imports 
are also captured by the tax, and that exporters are 
either reimbursed or exempted on products to be sold 
outside the tax regime. A development on this is to use 
such a conceptual approach to protect environmental 
policies, such as emissions trading schemes, by 
taxing imports and reimbursing exports in relation to 
the costs of the GHG emission imposed by the policy.

A similar example is the US Superfund case which 
imposed levies on imports of petroleum, seeking 
equivalence with that imposed on domestic producers. 

4.2.1 The scope for Border Adjustment of GHG 
emission costs

The upper scope for Border Adjustment of GHG 
emission costs is limited by the scope of the climate 
policy which it sets out to protect —in the case of this 
study, the caps introduced within the Kyoto Protocol— 
and the level of trade between economies which price 
GHG emissions and those that do not.
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Figure 5 reveals how much industrial  
GHG emissions are embedded in trade  
flows between Annex B and non-Annex B 
countries. This would have involved  
5,882 MtCO2e (or 18% of global industrial 
emissions) being taxed as imports into  
a priced Annex B economy in 2004. It may  
have also implied 3,501 MtCO2e (or 11%) being 
remitted under certain adjustment regimes. 
This means that within Annex B countries, 
9,383 MtCO2e or 29% of global industrial 
emissions could hypothetically be captured 
within a Border Adjustment regime.

5 Under Directive 2003/87/EC 
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4.3 Issues raised by Border Adjustment of 
GHG emission costs

Border Adjustment of GHG emission costs raises a 
number of issues and questions, which have been 
responded to in summary below and are explored in 
greater depth elsewhere in the report.

4.3.1 What is the difference between leakage 
and competition pressures?

These two terms are very closely related. Indeed, 
the impact of competition pressures introduced 
by climate change policies leads directly to the 
largest and best known source of system leakage —
investment leakage – where investment is diverted 
due to the impact of a policy. The easiest way to 
distinguish the two terms is that competition acts 
on companies, whilst system leakage refers to the 
impact on a policy. This distinction is important when 
considering the legal basis for any proposed Border 
Adjustment in terms of motive.

4.3.2 How would a Border Adjustment regime 
deal with exports from countries which 
already impose GHG costs?

Previous environmentally-motivated trade measures 
have often only targeted those imports that have 
not faced equivalent environmental controls. If this 
approach was used, a future Border Adjustment regime 
would adjust down for other country’s GHG emission 
pricing policies. However, if pricing of GHG emissions 
is considered to be an indirect tax on the product (i.e. 
a tax on the product and not part of general taxation 
of industry), the Border Adjustment could potentially 
impose import taxes irrespective of the GHG emission 
cost imposed within the exporting country and leave the 
exporting country to rebate GHG emission costs at their 
border where they exist. This is better described as a 
Border Tax Adjustment (BTA) regime —as opposed to  
a Border Emission Levy (BEL) regime.

4.3.3 To whom would the revenues belong?

There is a considerable uncertainty associated with 
this but of most relevance is the basis which the 
Border Adjustment intends to rely upon under WTO 
rules. If a BEL approach is taken with reference to 
Art. XX(i.e. exempts the adjustments where others 
have equivalent measures in place), a country 
which exports into the country introducing a Border 
Adjustment would be at liberty to respond with 
an export tax equivalent to the import levy; thus 
eliminating the case for the import levy for that 
country’s exports. Under this scenario, the exporting 
country would have effectively captured the revenues, 
which it would use as it wished as with any other tax. 
This may well not be the case under a BTA regime 
based on and Art. III defence as where the importing 
countries have arguably introduced a consumption 
tax. Under this scenario, it can be anticipated that the 
exporting countries would remit any GHG emission 
taxes that they have imposed at their border to ensure 
their exporters compete on an equal basis. There 
would be nothing preventing the initiating country 
within either approach discussed here passing the 
funds back to the exporting country in the form of a 
clean technology investment fund; thereby increasing 
the case for the regime being environmentally 
motivated rather than protectionist.

4.3.4 What about countries who comply with 
their reduction targets by other means?

The imposition of GHG emission costs — whether 
through taxes or trading — is just one possible policy 
approach to complying with the country’s international 
climate change obligations. Another approach 
includes the regulation of certain industries to use a 
particular lower emitting technology. A proposed BEL 
system might be required to value the equivalent cost 
of this approach and to ensure that such industries 
are not faced with import costs already implicitly 
borne within their domestic regulatory system. 
Under BTA regimes, however, exporting countries 
that have followed a regulatory approach may not be 
able to rebate their producers, as regulatory costs 
represents a direct tax on the producer under WTO 
rather than an indirect tax on products (interpreted 
from Ismer & Neuhoff 2007).

4.4 Barriers to Implementing Border 
Adjustments

4.4.1 Legal Considerations

The key international legal regimes relevant to Border 
Adjustments are the World Trade Organisation’s 
(WTO) on General Agreement on Tariffs and Trade 
(GATT) and the United Nations Framework Convention 
on Climate Change (UNFCCC), as operationalized by 
the Kyoto Protocol. The GATT, which was signed in 
1947, is a multilateral agreement regulating trade 
among 153 countries in 2012. The WTO was created 
by agreement in 1995 and implements the GATT, 
provides a forum for negotiating additional reductions 
of trade barriers and for settling policy disputes, and 
enforces trade rules. The GATT seeks to facilitate 
free trade without barriers or tariffs with a number of 
exceptions.

4.4.1.1 Border Adjustment and the WTO legal 
framework

The WTO introduces a number of rules and principles 
to regulate trade. From this, there have been a 
number of trade dispute cases taken up with at the 
WTO where environmental protection was at issue. 
The following issues are relevant to the environmental 
motivated trade measures:

•  Most-favoured-nation (MFN): GATT Art. I requires 
that such trade measures be implemented fairly for 
all members of the WTO. Some of the proposals for 
Border Adjustment of GHG emission costs would 
see Least Developed Countries (LDCs) exempt, in 
line with the UNFCCC’s principle of common but 
differentiated responsibilities. The WTO does 
permit some exceptions for developing countries 
and LDCs in particular (the so called ‘special and 
differential treatment provisions’). Excluding LDCs 
introduces the potential for a new source of system 
leakage with the diversion of investment patterns. 
Ultimately, however, for any Border Adjustment to 
be deemed illegal requires another WTO member  
to take the case to the WTO.

•  Process and Production Methods (PPMs):  
Central to a number of WTO rulings on 
environmental protection, issues have come up 
against the GATT’s general principle that ‘like’ 
products should not be discriminated against.  
This is important as many trade measures  
intended to protect the environment have needed  
to discriminate physically like products based on 
the environmental impacts associated with the 
process and production methods used. However, 
the Appellate Body in the Shrimp-Turtle case 
appeared to permit a trade measure based on 
PPMs, and the European Union Bananas case 
widened out the assessment of likeness to take  
into account consumer’s tastes and habits.

•  Technical Barriers to Trade (TBTs):  
The Agreement on Technical Barriers to Trade tries 
to ensure that regulations, standards, testing and 
certification procedures do not create unnecessary 
obstacles, while also providing members with the 
right to implement measures to achieve legitimate 
policy objectives, such as the protection of human 
health and safety, or the environment. A Border 
Adjustment regime would need to ensure that any 
administrative and technical barriers were 
necessary and proportionate, and not used as  
a disguised protectionist measure.

The following issues are relevant to the introduction 
of Border Adjustment in particular:

•  The WTO rules for providing rebates or remittances 
for exports are different than that for taxing 
exports. The WTO rules relating to exports (GATT 
Art. XVI) are targeted at preventing unfair subsidies 
supporting a country’s exports. The rules on 
restrictions and tariffs applied to imports aim  
to prevent unfair discrimination.

•  Only certain costs justify remittance on exports. 
The assessment needs to ensure that the 
adjustments represent a genuine rebate on taxes 
and duties. Ismer and Neuhoff (2007) find that this 
can include inputs not physically incorporated, such 
as fuels. Ismer and Neuhoff (2007) did consider that 
tax remissions or remissions on exported products 
would be admissible under WTO rules, and went on 
to find that this would also likely be the case for 
emissions allowances. It therefore seems likely that 
tax exemptions and remissions for energy and fuels 
would be permissible under a future system of 
Border Adjustment. 

•  A BTA regime would need to demonstrate that the 
Border Adjustment relates to domestic taxes on 
products. It is not permitted to adjust for so called 
direct taxes, such as taxes on profits or charges 
where a particular service is provided. Ismer and 
Neuhoff (2007) report that scholars are divided on 
the question of how emissions allowances should 
be considered. Defence of a BTA regime under Art. 
III arguably depends on the precise specification of 
the scheme.
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4.4.1.2 Legal compatibility of the motives 
for introducing Border Adjustment of GHG 
emission costs

Whether Border Adjustment of GHG emission costs 
is compatible with WTO rules is a complex matter, 
and the subject of some debate. The WTO case law 
has often sought to judge the underlying motive of 
the policy in question to ensure that the measure is 
not being used as a disguised barrier on imports. 
The crucial factors in this regard are therefore the 
regime’s design and motivations. Stephenson & Upton 
(2009) report that, whilst both the WTO and UNFCCC 
appear to hold out the prospect for protecting the 
integrity of a developed country’s environmental 
policies, any future WTO ruling would be unlikely 
to support measures which were perceived to be 
motivated solely by the protection of domestic 
industries against competition. It is therefore worth 
exploring the range of motives for introducing Border 
Adjustments of GHG emission.

There is a range of motives for introducing a system 
of Border Adjustments. Reporting on the outcome of 
conference attended by a number of experts in the 
field, Dröge et al. (2008) attempted to capture these 
motives into a list of five:

1.	 Tackle investment leakage: Avoid relocation 
of production of GHG emission intensive 
commodities to areas not covered by the domestic 
emissions trading.

2.	 Ensure consumer incentive: Facilitate a move 
from free allowances to auctioning of allowances 
to ensure full GHG emission price signal also 
for all production including those with leakage 
concerns.

3.	 Facilitate greater domestic targets: Provide 
assurance to voters that measures are pursued 
to address competitiveness concerns during the 
implementation of GHG emission pricing.

4.	 Exporter incentive: Provide incentives for 
producers in countries not covered by GHG 
emission pricing to improve the efficiency  
of their production.

5.	 Global climate policy: Provide incentives for 
other countries to pursue more ambitious climate 
policy or even join an international agreement on 
climate policy.

These motives vary in their legal legitimacy. It is, 
however, clear that the last of these motivations, 
the ‘global policy’ motive would unlikely be received 
as a valid objective by many developing counties, 
and would be very unlikely to represent an effective 
defence within a future WTO case.

4.4.2 Policy Considerations

4.4.2.1 Two possible border levelling 
regimes

As previously introduced, a Border Adjustment might 
make reference to two GATT articles in their defence 
if a case was ever to be taken to the WTO.

1.	 GATT Art. III allows for the equal imposition of 
taxes on imported products as domestically 
produced products.

2.	 GATT Art XX is intended to permit the protection 
from imports which have been produced under 
unfair or unacceptable practices, including using 
prison labour or production methods which harm 
the environment.

These are quite different regimes in terms of their 
legal and political basis so there are some important 
differences in how the Border Adjustment is to 
be developed. Art III has often been used without 
contention to adjust for taxes imposed on products, 
such as purchase taxes. Such schemes only take into 
account the tax rates imposed by the initiating country 
to ensure a fair treatment within that market (i.e. 
ensuring that purchase taxes are not added to exports 
but are added to imports). Such measures therefore 
assume that trading partners will implement equivalent 
measures. The implication of this is that a tax based 
Border Adjustment scheme implemented under Art. 
III would most likely impose adjustment taxes on all 
imports, including those from countries with climate 
change policies in place which impose requirements  
on their producers (Ismer & Neuhoff 2007).

This would not necessarily be the case for a BEL 
regime which relies upon Art. XX. This article permits 
measures which are implemented unilaterally in 
order to protect the environment, or at least the 
policy which is intended to protect the environment. 
In this case, Art. XX would provide for the protection 
of certain environmentally motivated national policies 
from being undermined by imports not subject to 
equivalent controls. There is some debate whether 
GHG emission taxes / trading schemes represent 
an indirect form of taxation on products. Most 
commentators do agree that it does (Stephenson 
& Upton 2009), but if this was not upheld by the 
Appellate Body, Art. III could not be relied upon.

Also, as BTA would represent a trade rather than an 
environmental scheme, the basis of the emissions 
factor used to calculate the charge would need to be 
non-discriminatory with reference to the tax regime 
within the importing country. It therefore needs to 
ensure that this is set at no higher level than the 
costs imposed on producers in the importing country. 
This has led Ismer and Neuhoff (2007) to suggest 
conservatively that only charges in relation to the 
importer’s BAT would be permissible for all imports, 
perhaps with the possibility for more realistic factors 
to be imposed and imports to have the opportunity 
to refute the level with reference to actual data. As 
real plant data can be used in this latter system, it 
would have the drawback of relying on the accuracy 
of the importers data, as well as being susceptible 
to selective allocation of low emitting plants. A case 
might also be made that this represents a Technical 
Barriers to Trade. In most cases, BAT is notably lower 
than average or actual emissions. However, assuming 
that all new plants are built to BAT standards, 
charges based on BAT should arguable mitigate for 
much of the most concerning form of leakage —
investment leakage.
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Source: Analysis from a range of literature sources with Ismer & Neuhoff (2007) being the primary source. 
* This would require the exporting country to implement a responsive export levy to counteract the trade measure.

A BEL regime may have a little more scope in this 
regard as its intention is to protect the environment, 
where the case law in this area has made reference 
to environmental technology being used within the 
exporting country. Setting the adjustments based on 
actual exporter’s emissions would touch upon one of 
the developing countries concerns over the so called 
‘reverse leakage’, where developed countries have a 
technological comparative advantage. Furthermore, 
as this is an environmental protection regime, the 
case for export remissions being provided to domestic 
producers for their exports is weaker under Art. 
XX. The differences in these two forms of Border 
Adjustment systems are summarised in Figure 6.

The issues summarised in Figure 6 highlight 
the case for international consultation 
and cooperation in this area in advance of 
any system being implemented to ensure 
that two different regimes are not 
implemented by different countries.
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4.4.2.2 A developing country perspective

Developing nations are generally very wary of 
proposals for Border Adjustment, often stating that 
developed countries should take the lead in combating 
climate change under the UNFCCC’s principle of 
‘common yet differentiated responsibilities’ (Art 3.1), 
and so it would be inappropriate to implement such 
measures on developing countries. This has been 
interpreted by some within developing countries in 
the sense that ‘it is the responsibility of the developed 
nations to incur climate mitigation costs’ (TERI 
2011), and that therefore ‘developed country parties 
shall not resort to any form of unilateral measures 
including countervailing border measures, against 
goods and services imported from developing 
countries on grounds of protection and stabilization of 
climate’ (part of China’s and India’s proposed text for 
the Copenhagen conference).

A group of developing countries sought that the 
UNFCCC take this position on the issue and, as a 
result, the following text was included in the Cancun 
Agreement. The UNFCCC:

‘reaffirms that… measures taken to combat climate 
change, including unilateral ones, should not 
constitute a means of arbitrary or unjustifiable 
discrimination or a disguised restriction on 
international trade’ (Cancun Agreement, Para 90).

However, this statement is based on WTO rules and 
therefore does not appear to provide developing 
countries with any additional protection from the 
introduction of Border Adjustments .

Underlying these positions is a number of more 
specific contexts and concerns which have driven 
these positions. The project team attempted to 
capture these, based on the collaboration with the 
Indian based research institute TERI, who were 
commissioned to write a paper on border levelling 
from a developing country perspective. These 
concerns include:

1.	 Producers in developing countries would pay. 
Underlying many of the concerns is the one 
that, not only would Border Adjustments reduce 
demand, but also would be the producers in the 
developing countries who would end up paying 
the tax as market conditions would not permit 
them to pass the costs onto consumers. The 
assumption behind this is that products which 
developing countries trade are generally highly 
elastic in nature.

2.	 Fair ‘carbon space’ and burden shift. Some 
commentators in developing countries feel that 
developed countries are attempting to transfer 
the burden of their own responsibilities onto 
them. Developing countries are entitled to emit 
these emissions based on population sizes and 
historical responsibility for emissions.

3.	 Protectionism. Some commentators in developing 
countries feel that, rather than the protection 
of their climate polices, border levelling would 
be motivated by the protection of developed 
countries’ domestic industries. Historically, many 
of the trade measures introduced by developed 
countries did have the effect of protecting 
domestic producers from cheaper imports from 
developing countries. Border Adjustment is being 
received by some in this context.

4.	 Poverty eradication should be the first and 
overriding priority of developing countries. 
Indeed, the UNFCCC accepts that the extent  
to which developing country parties will  
effectively implement their commitments under 
the Convention will depend on the financial 
resources and transfer of technology.

5.	 Reverse leakage. There is a concern that border 
levelling measures would induce ‘reverse 
leakage’, wherein once a Border Adjustment is 
introduced, GHG emission intensive production 
would be diverted to those countries already 
using GHG emission efficient production methods. 
Rationally, there are two main routes that this 
could be introduced:

a.	 The introduction of a Border Adjustment 
would exacerbate any technological 
knowledge based comparative advantage 
that developed countries have in energy 
efficiency, and therefore future investment.

b.	 Even where there is equal access to 
technology, if Border Adjustment measures 
are imposed retrospective to the initiating 
country’s climate policy, the domestic 
producers have an investment head start, 
and will therefore have a price advantage 
over their developing competitors. Although 
this should not divert future investment, it 
would put developing country producers at a 
disadvantage if global demand were to fall.

There are also potential opportunities and benefits  
for developing countries with the introduction of a 
Border Adjustment.

1.	 Lower cost imports. Within the present system, 
developing country consumers are paying GHG 
emission costs on some of their imports at 
the same level that EU consumers are. Some 
Border Adjustment systems would rebate these 
costs, which could potentially be passed on to 
consumers.

2.	 Potential export revenues. Developing countries 
would be at liberty to counteract BEL systems 
introduced under Art. XX with equivalent 
export taxes, without putting themselves at a 
disadvantage in relation to other countries. Where 
the revenues are captured within the initiating 
developed countries, there is the possibility to 
pass these funds back to the developing country 
producers via mitigation funds.

3.	 Ending of free allowances. Under a WTO 
compliant Border Adjustment system, the 
allocating of free allowances would need to 
end, to the degree that the Border Adjustment 
reflected the full permit price. Therefore 
developing country producers would no longer be 
competing against developed country producers 
who have been (in effect) allocated free assets.

4.	 Climate change mitigation. The risk of climate 
change would be reduced to the extent that 
concerns over system leakage end. This is 
actually one factor that is presently obstructing 
developed nations in a political sense to achieve 
their emissions targets. Furthermore, the 
adoption of a Border Adjustment system would 
weaken attempts by developed countries within 
future UNFCCC negotiations for developing 
countries (and LDCs in particular) to take on 
emissions caps.

4.4.2.3 Evidence of system leakage

One of the most powerful justifications for Border 
Adjustments (both legally and politically) will be the 
degree that a GHG emission pricing policy may impact 
on the location where things are produced (or at 
least will be produced), due to investment decisions. 
Location decisions for companies are based on a 
myriad of different factors, climate policy being one 
of them. It is extremely challenging, if not impossible, 
to determine if a particular industry re-located 
specifically due to climate policy and not for any other 
reason. In addition, it is extremely difficult, if not 
impossible, to separate a company’s actual decision 
making process from its lobbying activities for more 
lenient policy. An industry survey undertaken by the 
International Institute for Sustainable Development 
(IISD) demonstrated that there are far more 
significant issues than existing climate policy that 
could cause a company to relocate. These include 
labour costs, proximity to suppliers and consumers 
and infrastructure facilities, just to name a few 
(Wooders et al, 2009).

This finding does appear at first sight to undermine 
the case for Border Adjustment. However, investment 
leakage cannot be dismissed as a future issue.  
The IISD finding was based on existing levels of GHG 
emission pricing, and logically strong system leakage 
would become an issue if the price of emitting GHGs 
was to increase further. The IISD analysis suggests 
that evidence for investment leakage will unlikely  
be conclusively available at present permit trading  
prices as the influence of permit prices is masked  
by other factors. 
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5. Methodologies and Analyses 

5.1 Border Adjustment design elements

The barriers to a Border Adjustment system will likely 
limit the design of a future regime and the degree that 
emissions can be fully captured. A number of design 
elements are explored here, which form sensitivities 
within the results section. There are a number of 
issues or design challenges to respond to when 
developing a Border Adjustment regime. These include:

1.	 The scope of the emissions to be adjusted for. 
This might be limited to a very narrow scope, 
and only those direct emissions emitted directly 
on site could be included. Alternatively, a wider 
scope might be used to include some of the 
indirect emissions, such as those associated with 
electricity imported into the system and those 
emissions embedded into other materials that are 
inputs in the processes.

2.	 The emission intensity or technology to be 
assumed within the Border Adjustment. Whether 
this be the lowest intensity and therefore the Best 
Available technology (BAT), the exporter’s actual 
intensity, the importer’s intensity or some kind of 
average intensity. Any across the board intensity 
that is applied raises the issue of whether the 
measure unfairly discriminates against individual 
importers over domestic producers. WTO rules 
would therefore tend toward the use of intensity 
levels based on the lowest intensity of domestic 
producers within the GHG emission pricing 
economy, which in the case of the EU ETS will 
very often represent BAT. Other intensities can 
be implemented with a refutable mechanism, 
whereby the exporter can make the case that 
their emissions are lower than this.

3.	 The sectorial scope of the proposed regime. 
This might take the form of voluntary sectorial 
agreements negotiated and tailored to a few key 
sectors at risk of emissions leakage; a mandatory 
Border Adjustment regime imposed on a handful 
of sectors at most6 risk from emissions leakage; or 
a mandatory Border Adjustment regime imposed 
on all sectors covered by the climate policy.

4.	 Whether to include LDCs. Many legal frameworks 
including the WTO permit exceptions for LDCs, 
but the extent of exception might be limited by the 
risk of introducing new system leakage.

5.	 Materiality and the degree to which all trade flows 
are material and need to be included. Practicality 
would point more towards a system limited by 
materiality, but WTO rules would unlikely support 
such a system introduced without agreement.

An assessment of these different design elements 
has been made in Table 1 to explore whether the 
policy and environmental motives for implementing 
a Border Adjustment regime are met, as well as the 
main limitations and barriers to their use.

Table 1 suggests the Border Adjustment 
regime that best responds to the motives 
for Border Adjustment would tend to 
capture the greatest volume of embedded 
emissions. This would capture all embedded 
emissions for all imports; be based on 
either the exporter’s actual level of 
emissions intensity —or at least provide  
the exporter the opportunity to refute the 
intensity where they can show that their 
emissions are lower than the importers or 
average emissions; and capture all sectors. 
However, it is far from clear that such a far 
reaching Border Adjustment regime would 
be legally complaint or politically 
acceptable. The specific issues are explored 
below, along with the assumptions used to 
incorporate them into the modelling.

emission  
scope

direct Probably

Very probably

Very probably

Probably

Yes
If  

reputable Yes

Yes

Yes

Yes Very likely

In part

Largely

Yes

Yes

Yes

Largely

In part

Lower 
incentive

Greater 
complexity

–

Limited

Scope

–

Complexity

Lower  
incentive

Limited  
producer 
incentive

Legality 
Refutability

–

Practical/ 
Political

–

–

Political

Legal (WTO)

Uncertain 
legality 
(WTO)

bat 
(importer)

sectorial 
agreements

direct and 
indirect

importer 
intensity

sectors at 
most risk

embedded

average 
intensity

exporter 
actual

all eu ets 
sectors

all imports

emission  
intensity

sectorial 
scope

Design 
element

tackle 
investment 

leakage

policy motives environmental motives

allow > 
domestic 
targets

producer 
incentive

consumer 
incentive

main 
limitation

main barrier 
(mitigation)

Table 1: Compliance of Border Adjustment design elements with motives for Border Adjustment

Design issue

1Whilst the EU considered that all sectors covered by the EU ETS are at risk of emissions leakage, the literature typically identifies the following sectors as at MOST 
risk: lime and cement; basic iron and steel; refined petroleum; aluminium; inorganic basic chemicals; pulp and paper (Stephenson & Upton 2009, p.8).

6 Whilst the EU considered that all sectors covered by the EU ETS are at risk of emissions leakage, the literature typically identifies the following sectors as at MOST 
risk: lime and cement; basic iron and steel; refined petroleum; aluminium; inorganic basic chemicals; pulp and paper (Stephenson & Upton 2009, p.8).
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5.1.1 The scope of emissions included

The scope of the emissions to be adjusted at the 
border also needs to be no greater than that faced 
by domestic producers. There are four scopes of 
emission which might be included:

1.	 Direct: The direct (i.e. on site) emissions 
associated with the production of products  
from the relevant sectors.

2.	 Direct + electricity: The direct (i.e. on site) 
emissions and the emissions associated with the 
generation of electricity on and off site. This would 
include only the electricity emissions purchased 
or produced by the manufacturing outlet.

3.	 Direct + power sector: The direct (i.e. on site) 
emissions and the emissions associated with 
electricity used within all sectors that input into 
the production process. All electricity through the 
whole supply chain would be captured.

4.	 Embedded (by sectors): The emissions 
embedded by all the relevant sectors inputting 
into the production of the product.

There is therefore a cumulative process whereby 
the emissions from the various sectors and trading 
partners are added to scope of the Border Adjustment 
system. The ultimate design results in the Border 
Adjustment having an equivalent scope to the 
emissions trading scheme (i.e. embedded by sector) 
as illustrated in Figure 10 shown in the Section 8.3.2 
of the Annexes.

5.1.2 Analysis of Emission intensity design 
elements

5.1.2.1	 Best Available Technology (BAT)

If a narrow and physical interpretation of likeness is 
taken, it would unlikely be possible to impose charges 
greater than that applied to domestic producers. This 
is because such trade measures cannot discriminate 
unfairly against any one importer over domestic 
producers. Therefore, the Border Adjustment 
may need to be based on the lowest factor (i.e. as 
generated by the BAT) in the importing country.

Estimating BAT emission intensities represented 
a challenge to the modelling. The EU does provide 
‘benchmarking’ figures as BAT for the relevant sectors 
using metric ‘tonnes of CO2 per tonne of output’7. 
However, the MRIO modelling system uses ‘tonnes of 
CO2 per million USD’ as a metric. Furthermore, the 
sectoral breakdowns are very different. The study 
provided two estimates of BAT, one derived from the 
trade model used in this project and the other from 
EU estimates. They generated significantly different 
results demonstrating two key points. Firstly, there is 
considerable uncertainty in estimations of models and 
interpretation of policy documents. 

Secondly, the variation demonstrates the importance of 
the level BAT at which is set. If the BAT is set at a level 
that excludes a significant proportion of emissions then 
this could entirely undermine the establishment of the 
Border Adjustment. 

The ferrous metals sector is used to illustrate this 
as an example. A BAT for EU ferrous metals would 
represent the ‘best available’ standard of ferrous 
metal production within the EU. The country with the 
lowest emissions intensity is Malta. Closer inspection 
of the ferrous metals industry in Malta reveals this 
sector to be very small, contributing just 0.01% of the 
total output (in USD) of ferrous metals in the EU27 and 
therefore very possibly an artefact of the modelling 
process and not truly representative of the cleanest 
steel factories in Europe. The modelling therefore 
took BAT to be the average emissions intensity that 
excluded 10% of emissions.

5.1.2.2	 Average emissions intensities and the 
importer’s right to refute

WTO rules do not necessarily rule out the use of 
higher and more realistic emission intensities being 
applied, either the average emission intensity of the 
importing country, or possibly the true emissions 
intensity of the country or plant where the goods 
were produced. If an across the board average 
emission factor was to be levied, it would very likely 
be necessary to provide importers with a possibility 
to refute this and provide an actual factor. This would 
consequently rely on the level of accuracy of the data 
from exporters not regulated under the system that 
they are importing into, as well as being susceptible to 
the most efficient plants being allocated for exports.

Such a measure would not be directly discriminatory 
as the data required would be no greater than that 
required of domestic producers within the scheme. 
However, requiring foreign producers to measure 
these GHG emissions as if they were in the scheme 
might be considered as an unreasonable technical 
barrier to trade. It seems likely that this will more 
likely be the case if a BTA rather than BEL regime 
was introduced, as the latter can rely more on what is 
necessary to achieve the environmental objectives.

5.1.3 Least Developed Countries

A further important issue is who is to be included. 
WTO rules heavily presume that all trading partners 
will be treated equally when such trade measures 
are being applied. However, it is an established 
convention, both within the WTO and UNFCCC, to 
consider the particular developmental needs of LDCs 
and consider treating them with more leniency than 
other counties when introducing such policies. To 
some, this issue might differ depending on whether a 
BEL or BTA is being envisaged as the latter of these 
forms part of the regulation of free trade within 
a move towards consumer tax policy rather than 
environmental protection.

It would be less likely that LDCs would be treated 
differently when introducing consumption or sales 
taxes, but more plausible that special arrangements 
made for LDC in the event of an environmental 
measure being introduced. In this latter case, there 
would likely be concerns raised about the risk that any 
special arrangement would introduce distortion and 
leakage into the system. This might include polluting 
production being diverted into LDCs or the artificial 
distortion of trade flows and the corresponding 
environmental impacts from increased transport.

A strong political justification of excluding LDCs 
is the outcome of the Durban process, which has 
established that some non-LDC developing countries 
will need to be part of a future GHG emission 
reduction process. This establishes a clear distinction 
between LDCs and some other developing countries 
within future UNFCCC negotiations.

5.1.4 Materiality

Some proposed Border Adjustment schemes would 
introduce thresholds and thereby attempt to exclude 
certain ‘non-material’ flows. This would act to simplify 
the Border Adjustment system, and in some cases, 
reduce the impact on LDCs. From a legal perspective, 
this both introduces the possibility of challenge based 
on unfair treatment (i.e. most favoured trading partner), 
but also might reduce the level of complexity and 
costs in the system, and therefore reducing the risk of 
challenge based on a technical barrier to trade. The 
most well-known example of a material element within 
a proposed Border Adjustment comes from the US as 
introduced in two bills. Both the Waxman-Markey bill, 
passed by the House in 2009, and the Kerry-Lieberman 
bill failed to pass in the Senate in 2010. However, 
they set out criteria for determining which sectors 
would be subjected to Border Adjustment and which 
countries could be exempt from being subject to Border 
Adjustment, namely product criteria and country 
criteria. 

The criteria are broadly similar in both bills. The 
conditions in Waxman-Markey bill are as follows:

•  Product Criteria: An industrial sector is eligible for 
Border Adjustment if they are (excluding refining) 
are at least 5% energy (or CO2) intensive and 15% 
trade intensive, or 20% energy intensive. An 
Interagency Report (2009) used these criteria to 
define 46 sectors likely to be deemed as eligible 
industrial sectors based on these criteria.

•  Country Criteria: The Waxman-Markey bill8 also 
proposed to exempt countries which either:

−− is an LDC; or

−− has a nationally enforceable GHG emissions 
reduction commitment at least as stringent 
as that of the United States’; or

−− is a party to a multilateral or bilateral 
emission reduction agreement for that 
sector to which the United Stated is a  
party; or

−− has an annual energy or GHG intensity for 
the sector that is equal to or less than the 
energy or greenhouse gas intensity for the 
industrial sector in the United States; or

−− is responsible for less than 0.5% of total 
global GHG emissions and less than 5% of 
United States imports of covered goods with 
respect to the eligible industrial sector.9

Such detailed materiality clauses are highly complex 
to model. We have attempted to represent the kind of 
impact that such clauses introduce by applying the 
0.5% criteria.

7 http://eur-lex.europa.eu/LexUriServ/LexUriServdo?uri= 
CELEX:32011D0278:EN:NOT

8 Section 768, HR 2454 “American Clean Energy and Security  
Act of 2009”, p1123.

9 In the later Kerry-Lieberman bill, it changes to  
‘less than 5% of global production in the eligible industrial sector’
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5.2 The MriO modelling methodology

MRIO models link environmental pressures,  
such as GHG emissions, with final consumption 
through the global supply chains. In short, the 
model links production to consumption by a 
detailed understanding of the integration between 
both sectors and countries. MRIO models are now 
recognised as one of the leading, if not only, approach 
to undertake such a task (Peter, 2010, Wiedmann, 
2009, Minx et al, 2009). MRIO models are extremely 
data intensive, thus limiting the number of data 
sources used to construct such models. One of the 
key data requirements are national input-output (IO) 
tables. While many countries produce such tables 
there are gaps, and the classifications and years  
are inconsistent.

Therefore, for MRIO models to reflect a global 
picture, a consistent database provided by Purdue 
University is often employed, called ‘Global Trade 
Analysis Project’ (GTAP). GTAP involves a network of 
researchers who conduct global economic analyses 
by using computable general equilibrium models. 
Alternatively, data provided by the OECD is applied. 
However, the global coverage of this data is limited. 
A more detailed description of the history of MRIO 
modelling can be found in Wiedmann (2009).

An Environmentally Extended Multi-Regional Input-
Output (EE-MRIO) model requires substantially 
more data. In addition to domestic IO tables for each 
region and bilateral trade data, environmental impact 
variables are also required. Fortunately, the Global 
Trade Analysis Project (GTAP) has made all this  
data available.

The EE-MRIO model used in this report features  
data for the year 2004 extracted from the GTAP 
version 7 dataset. The methodology adopted has  
been taken from Peters et al (2011b).

5.3 The Benchmark for the analysis

The full hypothetical scope for Border Adjustment, as 
introduced in Figure 5, is far from being available as a 
legal option to Annex B countries. For example, many 
Annex B nations have not implemented any pricing 
schemes. Furthermore, of those who have, not all 
sectors and emissions are included so, for example, 
the EU ETS only covers CO2 emissions, and for only 
certain sectors. The impacts of these limitations 
have been shown in Figure 7 considering priced and 
unpriced economies.
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Figure 7: The Foreseeable (Benchmark) scope for Border Adjustment (2004 data) - MtCO2

Note: Assumes that all existing pricing schemes are implemented to the scope of the EU ETS system

Figure 7 reveals the degree to which  
the majority of global emissions are not 
being priced within existing policies. Only 
11% of global industrial emissions are 
being emitted within a pricing mechanism. 
Figure 7 also highlights that of the 14%  
of global industrial emissions resulting  
from consumption within a priced economy 
roughly half are due to unpriced imports 
into the system (i.e. weak leakage). It also 
reveals that 4% of global industrial 
emissions are being priced at the point  
of production and exported into unpriced 
economies (these might be remitted under 
certain Border Adjustment regimes).  
This means that within the existing policy 
system, the scope of Border Adjustment  
is limited to 11% of global industrial 
emissions. As previously introduced,  
there are a number of legal, political  
and technical barriers which need to be 
overcome before a Border Adjustment can 
be implemented to extend such schemes. 
These would tend to weaken the impact of 
the Border Adjustment regime further. 
 
The results section uses this foreseeable 
scope as a benchmark to explore the impact 
of introducing the various design elements 
into a future Border Adjustment regime.
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6. Results of the Analysis

6.1 Border Adjustment design elements

The impact of implementing the various 
design elements on a Border Adjustment 
system is presented in relation to the 
existing GHG emissions trading systems 
in place in Figure 8. This compares the 
series of possible Border Adjustment 
sensitivities against this foreseeable 
maximum legal benchmark.

The light blue and green values show 
the amount of emissions still captured 
within a Border Adjustment system  
if that design element were to be 
introduced. The volumes of emissions 
not captured due to the introduction  
of the design element are shown by  
the yellow and dark green bars.  

The results presented in Figure 8 suggest that:

•  The impact of excluding LDCs is very small. The 
embedded emissions from present trade volumes 
from LDC only represent 1% of imports into priced 
economies. Therefore, by excluding LDCs there 
would be very little difference to the effectiveness of 
the Border Adjustment system, assuming that the 
aim is to ensure that equivalent GHG emissions are 
captured in imports that are priced domestically.

•  Using BAT emissions intensities has a significant 
impact on the extent of the Border Adjustment 
system; only 10% of import emissions and 23%  
of export emissions would be captured by such  
a system.

•  Excluding non-material traded flows does have 
more of an impact on the volume of emissions 
captured; only 65% of benchmark import emissions 
and 73% of benchmark export emissions would  
be captured.

•  Including only direct emissions would have an  
even more significant impact on the Border 
Adjustment system; only 5% of import emissions 
and 7% of export emissions would be captured  
by such a system.

•  Including direct emissions plus emissions 
associated with the electricity used in production, 
however, would increase the extent of the scheme. 
In this case, 17% of import emissions and 24% of 
export emissions would be captured.

For both results corresponding to BAT and direct 
emissions, all traded goods are being captured and 
influenced by the Border Adjustment; but not to 
anything near their full extent. Therefore, it might 
be the case that such a Border Adjustment would 
be sufficient in tackling some of the issues – such 
as investment leakage. However, such an un-level 
system may be resisted by domestic producers 
within the emissions trading scheme and may be 
significant in the decision over ending the issuing of 
free allowances. Such an incomplete system would 
also not respond to the environmentally motivated 
desire for consumption reduction as envisaged by a 
move towards consumption based accounting of CO2. 
Whether a BAT system would in fact tackle investment 
leakage is by no means certain and further research 
is necessary in this area.
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Notes: 

- The results are presented as a series of sensitivities. Therefore only one design element is considered at a time. 
- The results are for all existing GHG pricing assuming a EU ETS design. 
- The results are presented as deviations from the present system (i.e. the territorial production basis) as shown by the grey bar. 
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7. Recommendations and Further Research 8. annexes

The ever increasing embodied emissions in trade is 
a major concern for national climate policy with the 
lack of comprehensive global agreement. Considering 
equitable distributions of the remaining global carbon 
budget to avoid an above two degree temperature 
rise, developed countries must take more 
responsibility than purely their territorial emissions. 
Therefore, a serious examination of various 
approaches to extend responsibility from a territorial 
to a consumption-based approach is required.

In terms of the design of such a mechanism, the 
results suggest that the impact of excluding LDCs 
would be small as imports from LDCs only represent 
1% emissions embedded in imports. Therefore, from 
an emissions perspective, it would be appropriate to 
exclude LDCs from a scheme giving additional room 
for development. Excluding traded flows considered 
not to be material has more of an impact, but still 73% 
of the relevant export emissions would be captured. 

The most important design element that would 
affect the level of emissions captured relates to 
direct and indirect emissions. Direct emissions 
refer to the emissions associated with the import of 
raw materials, such as steel or aluminium, without 
including any emissions that occur through the 
supply chain in their production. The reality being 
that European countries don’t import electricity from 
China but finished products that have emissions 
from electricity in their production. If the full supply 
emissions are not included, 95% of emissions are lost, 
rendering the system ineffective. 

The key difficulty is capturing the emissions related 
to electricity in imports. For example, the EU does 
not directly import electricity from China, but the 
supply chain emissions of imported finished goods 
and services from China have a high proportion of 
emissions occurring in the electricity sector.

In conclusion, countries attempting to use pricing 
mechanisms, such as a trading scheme, only 
capture 50% of the emissions associated with the 
consumption of the priced commodities. They account 
for 11% of global emissions; a further 11% is imported 
that is not captured. It is essential that mechanisms 
to mitigation these emissions are considered. The 
responsibility sits firmly with the developed countries 
from the perspective of cumulative emissions, per 
capita emissions and the ability to act to achieve 
emission reduction. 

However, by not capturing the embodied emissions 
through the supply chain associated with finished 
products, 95% of the emissions embodied in imports 
would not be included in the scheme. Currently, while 
there are a number of models that can, with some 
precision, understand the emissions embodied in 
imports large product groups, there is no system 
that can accurately and robustly measure the 
emissions associated with individual products taking 
into account global supply chains, individual country 
efficiencies at a low cost.

Therefore, the design of a complex BCA scheme 
could be counteractive as it would, most likely, not 
capture the carbon embodied in imports. The design 
of a mechanism has to take on some extremely 
important elements. Primarily, the key message is 
simplicity. The system must consider how to extend 
responsibility of developed countries to include 
embodied emissions without having a full product 
level knowledge of supply chains.

Such a system could either make a domestic 
adjustment to an existing scheme. For example, the 
EU ETS could take a consumption-based approach 
and add the imported emissions into the scheme 
without adjusting the cap. This would have the 
added benefit of driving innovation in low carbon 
technologies and providing a clear signal to the 
consumer through a change in price. The additional 
revenue could be used to fund international climate 
mitigation schemes that would result in a reduction  
in emissions of imports.

8.1 The Mrio model

The EE-MRIO model used in this report features  
data for the year 2004 extracted from the GTAP 
version 7 dataset, which is the latest available.  
This includes 113 regions and 57 sectors generating  
a supply-side technical coefficients matrix (A) of  
the dimension 6,441 rows by 6,441 columns. In 
addition to this matrix, there is a final demand 
matrix, which is has four categories for each region 
(households, government, capital formation and 
variation in stocks). 

Accompanying all these matrices is a number of 
environmental extensions, consisting of total annual 
GHG emissions for all the 113x57 region-sectors of 
GTAP 7. CO2 emissions were calculated according to 
the Tier 1 method suggested in the revised 1996 IPCC 
guidelines (Lee, 2008), and by using energy statistics 
published by the International Energy Agency (IEA). 
In this sense, emissions are derived from six energy 
sources or carriers: coal, crude oil, natural gas, 
petroleum products, electricity and gas distribution. 
In turn, non-CO2 data (CH4, N2O, and fluorinated 
gases) were obtained from the US Environmental 
Protection Agency (USEPA) and calculated by applying 
growth rates based on near-term projections to 2001 
emissions data from GTAP 6. Thus, these figures 
can vary from the emissions reported by different 
countries in 2004 (Rose et al., 2010). It is also worth 
mentioning that CO2 emissions generated from land 
change and non-CO2 emissions from biomass are 
included in the datasets.

8.1.1 Uncertainties with the MIRO model

There are a number of uncertainties associated to 
the GTAP database and to the construction of MRIO 
models in general. These are related to a number 
of issues, such as among others: the manipulation 
required for calibration, balancing and harmonisation; 
the use of different time periods, currencies, country 
classifications; and levels of disaggregation, inflation, 
data errors (Lenzen, 2001; Lenzen et al., 2004; Peters, 
2007; Weber, 2008; Lenzen et al., 2010).

Manipulation represents the biggest uncertainty 
according to Peters (2007). GTAP data is collected 
from voluntary submissions by individuals or 
organisations at an international scale in return 
for the right to use the dataset. Thus, the data is 
presented in different country classifications and 
levels of aggregation. Walmsley and Lakatos (2008) 
have reported that of all the contributed tables, 58 
did not contain all 57 sectors, so disaggregation was 
required. Moreover, data generally corresponds to 
different years with only a fraction of the entire set of 
domestic IO tables corresponds to 2004. For example, 
IO tables for countries, like Cyprus and Malta, date 
from 1986, while Hong Kong’s is from 1988. 

Harmonisation is required where data has been 
submitted expressed in national currencies. Once 
the data has been transformed to comply with GTAP 
classifications, it is evaluated by taking into account 
currency conversions and inflation, so all tables are 
expressed in a common unit in 2004 prices. Then it is 
further ‘calibrated’ and ‘balanced’, making it suitable 
to be used in a computable general equilibrium 
model. It is believed that precise details of these 
harmonisation, calibration and balancing processes 
are not transparent as they might be which generate a 
degree of uncertainty that is hard to estimate.

Giljum et al. (2008) proposes responding to 
shortcomings in the harmonisation of GTAP data 
using other sources, such as the OECD. The drawback 
of this alternative is that domestic IO tables from 
only OECD countries plus 11 non-member countries 
are available. Moreover, the organisation does not 
supply bilateral trade data for the latter group of 
countries. In this sense, Giljum’s MRIO model just 
takes into account the trade that occurs between 
OECD members, while the rest of the countries seem 
not trade between them. This makes it a semi-
unidirectional trade MRIO model. Consequently, while 
it may be more robust in terms of harmonisation, it 
lacks the ability to take into account the complete 
effects obtained from a full multilateral model.

Relating to MRIO models in general, Weber (2008) has 
analysed the most common error types associated 
with EE-MRIO models compared to the traditional 
single-region ones. By using IO data from the United 
States and several of its largest trading partners, he 
determined that aggregation and concordance to a 
common sectoral classification, the treatment of the 
rest-of-world (ROW) region, and monetary exchange 
rate issues represent the greatest uncertainties. In 
the particular case of the GTAP EE-MRIO model that 
is used to produce the results for this report, these 
problems seem to be also present at a certain extent. 
Some of these have already been mentioned, but it is 
worthy to highlight the ROW issue. Although it does 
not include a ROW region as such, it does possess 
18 aggregate regions that comprise 116 nations in 
total. Due to the reduced size of their economies 
or the lack of data at a national level, these were 
aggregated instead of being presented individually. 
This aggregation, according to Lenzen (2004) and 
Weber (2008), is likely to result in some errors.
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Some other issues further contribute to increase 
the level of uncertainty that is present in any model 
of this kind. In general terms, raw macroeconomic 
and energy data, as is generated by national sources, 
is already associated with a series of errors. These 
are seldom estimated by governmental offices 
of statistics at a national scale, so it is difficult to 
determine their magnitude. Moreover, data from 
different sources often varies due to differing 
definitions or methodologies for data collection. For 
example, GTAP CO2 data is calculated by using IEA 
energy statistics. However, it may vary from 10% to 
20% at a national level —and maybe even more at 
a sectoral level— when compared to other sources 
(Minx, et al., 2008), such as the Carbon Dioxide 
Information Analysis Centre (CDIAC). Particularly, 
significant variations have been found in the case 
of the United States, China and the EU. In this same 
respect, Lenzen et al. (2010), while undertaking an 
uncertainty analysis of the UK’s carbon footprint by 
using an MRIO model, estimated an 89% probability 
that the footprint might have been significantly larger 
than originally calculated due to errors related to the 
carbon multipliers.

In summary, it is almost impossible to know how big 
the uncertainties are. But, in spite of all these issues, 
some authors think that the advantages of MRIO 
models outweigh these problems (Weber, 2008).  
And regarding GTAP, it still constitutes one of the 
most reputable sources and its data is currently  
being used in numerous studies.

8.1.2 Equations used in the MRIO Model

The standard Input-Output analysis considers that the 
output (X) of sector “i” is given by:

Xi=xi1 + xi2 + ... + xij + yi� (1)

where each xij represents the contributions from 
the “i-th” sector to “ j-th” sector or industry in an 
economy, and where yi stands for final demand. In 
other words, the total output of a particular sector is 
determined by its intermediate and final demand.

If each xij is divided by the total output of its 
corresponding sector:

𝑎𝑖𝑗=
𝑥𝑖𝑗			   � (2)
𝑋𝑖

	

then, after rearranging (2), equation (1) can be 
reformulated as:

𝑋𝑖=𝑎𝑖1𝑋1 + 𝑎𝑖2𝑋2 + … + 𝑎𝑖𝑗𝑋𝑗 + 𝑦𝑖		�   (3)

This last equation, in turn, can be expressed in  
matrix notation as X=AX+Y, and after solving for X,  
it becomes:

X=(I-A)-1Y	 			�    (4)

where X and Y are vectors of total output and final 
demand, respectively, I is the identity matrix, and A 
is the technical coefficient matrix, which shows the 
inter-industry requirements. On the other hand, the 
first term at the right hand of the equation deserves 
special attention. (I-A)-1 is known as the Leontief 
inverse (further identified as L). It indicates the  
inter-industry requirements of the “i-th” sector  
to deliver a unit of output to final demand.

Under a Multi-Region Input-Output (MRIO) framework, 
A has to account not only for domestically produced 
goods and services within the different regions, but 
also for the trade that takes place between them. In 
this sense, the sectoral requirements of region “m” 
are decomposed into a domestic component —which 
represents inter-industry relationships within the 
region— and another one that represents imports —
which show the inter-industry relationships with other 
sectors located in the “n-th” region.

𝐴𝑚=𝐴𝑚
𝐷 + Σ𝐴n

I		  		  (5)

Hence, A becomes a square composite matrix  
formed by a number of blocks. The diagonal blocks 
(i.e. 𝐴𝑚

𝐷
n, where m=n) represent domestic IO 

matrices, which show the inter-linkages between 
sectors located within regions. Conversely, the off-
diagonal blocks (i.e. 𝐴𝑚

I
n, where m≠n) represent 

the sectoral requirements of region “m” from other 
sectors located in region “n”. These are known as  
the import matrices.

𝐴 =  �                        }

𝐴D
11	 𝐴I

12	 ⋯	𝐴I
1n

𝐴I
21	 𝐴D

22	⋯	𝐴I
2n

  ⋮    ⋮  ⋱    ⋮	
𝐴I

m1	 𝐴I
m2	⋯	𝐴D

mn

Similarly, X and Y must include total output and 
final demand, respectively, of all sectors located 
in all regions. Regarding Y, it incorporates all the 
components of final demand (i.e. private and public 
consumption, gross capital formation and change in 
stocks) of domestically produced goods and services 
(YD) within region “m”, as well as of imported 
products and services (YI) from region “n” to be 
consumed in “m”. Moreover, goods and services 
produced domestically (E), but consumed in region “n” 
(i.e. exports) are equally considered to be a part of Y.

X = �    }

X1

X2

⋮
Xm

and  Y = �                }

Y1 + ΣE1n

Y2 + ΣE2n

         ⋮ 
Ym + ΣEmn 	�  (7)

In this sense, in an open economy equation (4) can be 
rewritten as:

X = (AD + AI) X + YD + Y I++ E - M	�  (8)

And since total imports (M) are equal to imports 
to intermediate demand (AI) plus imports to final 
consumption (Y I),

M = AI X + Y I				�    (9)

then, by substituting (9) in (8), exactly the same form 

of equation (4) is obtained once again. This implies 
that it can be used to determine the amount of output 
(X) from any arbitrary demand.

In the context of an Environmentally Extended 
MRIO (EE-MRIO) model, environmental impacts are 
included as an extra vector. This report focuses 
specifically on GHG emissions, which are assumed to 
be a function of output. If the emissions (g) generated 
by sector “i” are divided by the corresponding output 
(Xi), then a row vector of direct intensities (G) are 
obtained, just as is expressed by equation (10):

G= g𝑖			   � (10)
𝑋𝑖

	

In order to calculate the amount of emissions that 
would result from a certain level of output, G —
known as the direct intensity multipliers— is post-
multiplied by X. So by substituting this last variable 
according to equation (4), the direct emissions (Fd) 
are determined by:

Fd=ĜLY� (11)

where the symbol “^” stands for a diagonal vector. 
G provides a set of weights to the L matrix, forming 
the total intensity multipliers (GL). Thus, when this 
new matrix (ĜL) is post-multiplied by Y, then direct 
emissions are obtained.

Another approach is to post-multiply GL by Ŷ, which 
allows determining the indirect emissions (Fi) 
originated from a given level of final demand.

Fi=GLŶ	 			   (12)

Both approaches yield the same amount of total 
emissions. However, they differ in terms of the 
entities to which they are allocated (Munksgaard 
and Pedersen, 2001; Gallego and Lenzen, 2005; 
Lenzen et al., 2007; Peters, 2008). In the first one, 
these are assigned to the sectors (industries) where 
the emissions were generated during production. 
Conversely, in the second one, these are allocated to 
the final consumers —which can be households, firms 
or the government— in terms of their final demand.
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8.2 Tables used within the report

This report explores the level of emissions capture 
under a number of scenarios:

•  Hypothetical or idealised future scope for Border 
Adjustment where all Annex B countries under the 
Kyoto protocol implemented GHG emission pricing 
policies for all of their industrial emissions 
combined with a corresponding Border Adjustment 
regime.

•  Foreseeable scope where the Border Adjustment is 
restricted to only those economies where pricing 
schemes are being implemented and assuming 
further than the Border Adjustment is limited to 
those sectors covered by the EU ETS.
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54%

60%

46%

11%

100%

71%
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Table 2: The hypothetical scope for Border Adjustment – MtCO2e

Table 3: The foreseeable scope for Border Adjustment – MtCO2

8.2.1 The Hypothetical Scope for Border 
Adjustment

 

8.2.2 The Foreseeable scope for Border 
Adjustment

Unpriced production
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8.2.3 Results from a sectoral perspective

The following sectoral scopes have been explored as 
sensitivities around the benchmark ‘Full ETS system’ 
scope of Border Adjustment:

•  Two sectors based on recent attempts at exploring 
Border Adjustment at a sectoral level via voluntary 
sectoral agreements; most notably the ferrous 
metal and cement sectors.

•  Six Sectors most at risk from emissions leakage. 
The EU considers that all sectors covered by the EU 
ETS are at risk of emissions leakage. However, the 
literature typically identifies the following sectors 
as at most risk: lime and cement; basic iron and 
steel; refined petroleum; aluminium; inorganic 
basic chemicals; pulp and paper (Stephenson &  
Upton 2009, p.8).

•  All Sectors. This represents the somewhat 
hypothetical situation that the existing emissions 
trading systems are extended to all sectors and 
that a full comprehensive Border Adjustment is 
introduced. 

577 3,537

47% 289%

332 1,224

27% 100%

CO2 emissions captured by  
existing trading scheme

% EU ETS sectors

Six sectors at risk All sectorsTwo sectors (Ferrous  
metals and cement)

All EU ETS sectors  
(benchmark)

Table 4: Sensitivity of emission capture due to sectorial scope – MtCO2

Figure 9: Sensitivity of emission capture due to sectorial scope – MtCO2

0

500

1,000

2,000

1,500

2,500

3,000

3,500

4,000

Ferrous metals
and cement

M
ill

io
ns

 to
nn

es
 C

O
2

Six at risk sectors All EU ETS sectors
(benchmark)

All sectors

The results shown in Figure 9 suggest  
that a Border Adjustment that targets  
less than the benchmark scope (i.e. less 
than ‘All EU ETS sectors’) would be foregoing 
considerable emissions capture. If only  
the ferrous metals and cement sectors  
were to be targeted, only 14% of the 
benchmark would be captured. If this was 
extended to the six sectors as most risk,  
25% of the benchmark would be captured. 
The results for the ‘All sectors’ sensitivity 
suggests that an additional 54% of emissions 
would be captured by the Border Adjustment 
if it (and the emissions trading schemes) 
were extended to non-scheme sectors.  
 
Whist extending pricing to less at  
risk sectors will provide a demand-side 
incentive; it is not necessarily the case  
that such sectors were at risk of  
investment leakage. The degree to which  
a sector is at risk depends on the level  
of pricing within the emissions trading 
scheme and the existence or removal  
of free allowances. 
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8.3 Tables relating to Border Adjustment 
design elements

8.3.1 Estimation of BAT

The modelling took BAT to be the average emissions 
intensity of the EU’s 10% least emitting ferrous 
metals sectors by output in dollars. This was found by 
ranking the 27 countries by emissions intensity, then 
calculating the cumulative output in USD until 10% 
of the output is reached (see table 5). The assumed 
BAT value was calculated dividing the cumulative 
emissions at this point by cumulative output as  
shown in Table 5. This method found BAT to be  
134 tCO2e per US$m.

 

Table 5: Lowest emissions intensities of the EU’s ferrous metals sectors
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8.3.2 The scope of emissions included

There are four scopes of emission which might be 
included:

1.	 Direct: The direct (i.e. on site) emissions 
associated with the production of products from 
the relevant sectors.

2.	 Direct + electricity: The direct (i.e. on site) 
emissions and the direct emissions associated 
with the electricity used on and off site.

3.	 Direct + power sector: The direct (i.e. on site) 
emissions and the emissions associated with the 
electricity sector used within all sectors that input 
into the production process.

4.	 Embedded (by sectors): The emissions embedded 
by the all the relevant sectors inputting into the 
production of the product.

The cumulative process whereby the emissions from 
the various sectors and trading partners are added 
to scope of the Border Adjustment system, until the 
Border Adjustment provides an equivalent scope 
to the emissions trading scheme (i.e. embedded by 
sector) is illustrated in Figure 10.
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Figure 10 takes three counties (one which has 
emissions trading scheme in place and two of its 
trading partners which trade intermediary products 
both to it and one another) and three sectors (where 
sector 2 represents the electricity producing sector 
(E2), sector 4 a sector included in the emissions 
trading scheme (S4) and sectors 1 and 3 (S1 and S3)  
are not included in the emissions trading scheme).

Figure 10: Illustration of the scope of emissions captured by a Border Adjustment

Thus, the emission flows are added to the value chain 
as follows:

•  No Border Adjustment (Dark Green) – This 
represents the present system whereby the 
emissions flows which are priced due to emission 
trading scheme are sold onto as inputs into trading 
partners but their equivalent imports are not.

•  Direct scope – Only onsite emissions are included.

•  Direct + electricity scope (Light Green) – Same as 
above, but emissions from the production of 
electricity which is used in the production of other 
trading scheme products are included (i.e. the 
electricity used to make a sector 4 product).

•  Direct + power sector scope (Light Blue) – Same as 
above, but electricity emissions used in any other 
products are included (i.e. the electricity traded 
sector so any emissions used to make sector 1, 2 or 
3 products are captured).

•  Embedded (by sectors) scope (Turqoise) – Included 
any emissions from scheme sectors embedded in 
any products.
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8.4 The importance of political will

These various sensitivities suggest that the design of 
the Border Adjustment is important to how effective it 
can be. The potential for a future Border Adjustment 
to incorporate the most effective design elements 
depends to a greater or lesser degree on the political 
Will available to overcome some of the legal and 
political uncertainties and barriers. Very broadly, 
the political will required introducing a larger scale 
Border Adjustment needs to come internally from 
within the initiating country that has an emissions 
trading system scheme in place.

Smaller 
coorporative

All non–LDC partners, 
Real exporter,

Direct + electricity, 
CO2, Most at risk

Larger 
cooperative

All non–LDC partners, 
Real exporter,

Embedded (by sectors),
All Kyoto, All sectors
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uncooperative

All non–LDC material 
parters, BAT – EU, Direct,

CO2, Most at risk

Larger 
uncooperative

All non–LDC material, 
partners, BAT–EU, Direct

power sector, CO2,All
EU ETS sectors

Smaller
Scheme

Larger
Scheme

Uncooperative

Cooperative

The political process required to introduce a Border 
Adjustment needs to come via corporation with those 
trading partners who have not got an emissions 
trading scheme on place.

The project team therefore sought to develop  
Border Adjustment scenarios based around these 
two overarching factors (scale of Border Adjustment 
and level or International Corporation). These are 
presented in Figure 11 below.

Design element
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Emission intensity
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Sectorial scope
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–

Direct +  
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All EU 
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All non-LDC 
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–

-
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Table 6: Emissions captured by political Border Adjustment (BA) scenarios – MtCO2e

Figure 12: Emissions captured by political Border Adjustment scenarios – MtCO2e

Figure 11: Political Border Adjustment scenarios
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The results for the political 
scenarios as shown in Table 6 
and Figure 12 highlight the 
significant part that political 
will and cooperation will 
play in introducing an 
effective and far reaching 
Border Adjustment. In terms 
of per cent of global total 
GHG emissions captured within 
the Border Adjustment, the 
scenarios range from 0.001% 
(or 0.1% of the trading schemes 
which it relates) for the 
smaller uncooperative 
scenario; to 12.1% (or 44%  
of the trading schemes which 
it relates) for the larger 
cooperative scenario. Whilst 
the level of capture cannot 
be related directly to the 
effectiveness of a Border 
Adjustment, this range of 
capture levels is very large.



ghg emissions embodied in trade. Published 2012.46 ghg emissions embodied in trade. Published 2012. 47

References

Barrett J. and Minx J. (2011) Emission Accounting, 
Drivers and Targets – A Different Perspective  
of Progress towards a low carbon economy,  
UKERC Factsheet.

Barrett J; Scott K (2012) Link between climate change 
mitigation and resource efficiency: A UK case study, 
Global Environmental Change, 22, pp.299-307. doi: 
10.1016/j.gloenvcha.2011.11.003.

Barrett J., Owen A., Sakai M. (2011) UK Consumption 
Emissions by Sector and Origin, Report to the UK 
Department for Environment, Food and Rural Affairs 
by University of Leeds

Barrett J., Le Quéré C., Lenzen M., Peters G., Roelich 
K., Wiedmann T., Response to the Energy and Climate 
Change Committee Consultation on Consumption-
based Emission Reporting, Submitted on behalf of 
UKERC by Dr Jeff Hardy, 25 October 2011

The Carbon Trust and Climate Strategies (2009): 
Dröge, S. et al., Tackling Leakage in a World of 
Unequal Carbon Prices, Cambridge, UK, available 
from: www.climatestrategies.org.

Dröge S., Ismer R., Neuhoff K., Yu V., INTERNATIONAL 
COOPERATION TO LIMIT THE USE OF BORDER 
ADJUSTMENT, WORKSHOP SUMMARY, SOUTH 
CENTER, GENEVA SEPTEMBER 10, 2008, Summary 
published November 6th, 2008.

Intergovernmental Panel on Climate Change (2007) 
Climate Change 2007: Synthesis Report. Contribution 
of Working Groups I, II, and III to the Fourth 
Assessment Report of the Intergovernmental Panel 
on Climate Change (IPCC, Geneva, Switzerland).

Ismer R., Neuhoff., K., Border tax adjustment: a 
feasible way to support stringent emission trading, 
European Journal of Law & Economics (2007)  
24:137–164, Published online: 25 September 2007.

Jackson, J., Choudrie, S., Thistlethwaite, G., Passant, 
N., Murrells, T., Watterson, J., Mobbs, D., Cardenas, 
L., Thomson, A., Leech, A., Li, Y., Manning, A., Walker, 
C., Brophy, N., Sneddon, S., Pierce, M., Thomas, J. 
and Brown, K. (2009) UK Greenhouse Gas Inventory, 
1990 to 2007 - Annual Report for Submission under 
the Framework Convention on Climate Change. AEAT/
ENV/R/2764, April 2009. http://www.naei.org.uk/
reports.php?list=GHG, http://www.airquality.co.uk/
reports/cat07/0905131425_ukghgi-90-07_main_
chapters_Issue2_UNFCCC_CA_v5_Final.pdf.

Lenzen, M. (2001) A modified Ecological Footprint 
method and its aplication to Australia. Ecological 
Economics 37 (2) 229-255

Lenzen M., Dey C., Wurray S. (2004) Historical 
accountability and cumulative impacts: the treatment 
of time in corporate sustainability reporting 
Ecological Economics, Volume 51, Issues 3-4,  
1 December 2004, Pages 237-250

Lenzen, M., Wood, R. and Wiedmann, T. (2010) 
Uncertainty analysis for Multi-Region Input-Output 
models – a case study of the UK’s carbon footprint. 
Economic Systems Research, 22(1), 43-63. 

Lockwood, B. and Whalley, J. (2010), Carbon-
motivated Border Tax Adjustments: Old Wine in  
Green Bottles?. The World Economy, 33: 810–819.  
doi: 10.1111/j.1467-9701.2010.01285.

Minx, J.C., Baiocchi, G., Wiedmann, T. and Barrett, J. 
(2009) Understanding Changes in CO2 Emissions from 
Consumption 1992-2004: A Structural Decomposition 
Analysis, Report to the UK Department for 
Environment, Food and Rural Affairs by Stockholm 
Environment Institute at the University of York and the 
University of Durham, DEFRA, London, UK.

Minx, J. C., Wiedmann, T., Wood, R., Peters, G. P., 
Lenzen, M., Owen, A., Scott, K., Barrett, J., Hubacek, 
K., Baiocchi, G., Paul, A., Dawkins, E., Briggs, J., 
Guan, D., Suh, S., Ackerman, F. (2009) Input-Output 
Analysis and Carbon Footprinting: An overview of 
applications. Economic Systems Research 21(3)  
Pages: 187-216

Peters, G.P. (2010a) Efficient algorithms for life cycle 
assessment, input-output analysis, and Monte-
Carlo analysis International Journal of Life Cycle 
Assessment 12(6) 373-380

Peters, G.P., 2008. From Production-Based to 
Consumption-Based National Emission Inventories. 
Ecological Economics 65, 13-23.

Peters, G.P. (2010b) Managing Carbon Leakage. 
Carbon Management 1, 35-37.

Peters, G.P., Hertwich, E.G., (2008a). CO2 Embodied 
in International Trade with Implications for Global 
Climate Policy. Environmental Science and 
Technology 42, 1401-1407.

Peters, G.P., Hertwich, E.G., (2008b). Post Kyoto 
Greenhouse Gas Inventories. Production vs 
consumption. Climatic Change 86 (1-2) 51-66

Hertwich, E.G. and Peters, G.P., (2009) The carbon 
footprint of nations: A global trade linked analysis. 
Environmental Science and Technology 43 (16)  
6414-6420

Peters, G.P., Solli, C. (2010) Global carbon footprints: 
Methods and import/export corrected results from 
the Nordic countries in global carbon footprint 
studies. Nordic Council of Ministers, Copenhagen.

Peters, G.P., Minx, J.C., Weber, C.L., Edenhofer, O. 
(2011) Growth in emission transfers via international 
trade from 1990 to 2008. Proceedings of the National 
Academy of Sciences 108, 8903-8908.

Peters, Glen, Robbie Andrew and James Lennox 
(2011b) Constructing an Environmentally-Extended 
Multi-Regional Input-Output Table using the GTAP 
database. Economic Systems Research, 23 (2):  
pp. 131-152.

Scott K., Barrett J. Baiocchi G., Minx J. (2009) Meeting 
the UK climate change challenge: The contribution of 
resource efficiency, published by Waste Resources 
Action programme (WRAP).

Stephenson J., Upton S., COMPETITIVENESS, 
LEAKAGE, AND BORDER ADJUSTMENT: CLIMATE 
POLICY DISTRACTIONS? Paper presented at Round 
Table on Sustainable Development, Organisation for 
Economic Co-operation and Development, 22-23 July 
2009- SG/SD/RT(2009)3

Turner, K., Lenzen, M., Wiedmann, T., Barrett, J. 
Examining the global environmental impact of 
regional consumption activities - Part 1: A technical 
note on combining input-output and ecological 
footprint analysis. Ecological Economics 62(1) 37-44.

Weber C. And Matthews S. (2008) Quantifying the 
global and distributional aspects of American 
household carbon footprint Ecological Economics, 
Volume 66, Issues 2-3, 15 June 2008, Pages 379-391.

Wiedmann, T., Lenzen, M., Turner, K., Barrett, J., 
2007. Examining the Global Environmental Impact 
of Regional Consumption Activities - Part 2: Review 
of input-output models for the assessment of 
environmental impacts embodied in trade. Ecological 
Economics 61, 15-26.

Wiedmann, T., 2009a. A review of recent multi-region 
input-output models used for consumption-based 
emissions and resource accounting. Ecological 
Economics 69, 211-222.

Wiedmann, T., 2009b, A first empirical comparison of 
energy Footprints embodied in trade — MRIO versus 
PLUM, Ecological Economics, Volume 68, Issue 7, 15 
May 2009, Pages 1975-1990 

Wiedmann, T. and Barrett, J. (2011) A greenhouse 
gas footprint analysis of UK Central Government, 
1990-2008. Environmental Science & Policy, In Press, 
Corrected Proof. http://www.sciencedirect.com/
science/article/pii/S1462901111001237, http://dx.doi.
org/10.1016/j.envsci.2011.07.005.

Wiedmann, T.O., Lenzen, M., Barrett, J.R. Companies 
on the Scale Comparing and Benchmarking the 
Sustainability Performance of Businesses Journal 
of Industrial Ecology 13(3) 361-383  Wiedmann, 
T., Wilting, H., Lutter, S., Palm, V., Giljum, S., 
Wadeskog, A. and Nijdam, D. (2009) Development 
of a methodology for the assessment of global 
environmental impacts of traded goods and services. 
Environment Agency publication SCHO1009BRAM-
E-P, 7 August 2009c. Environment Agency UK  
and SKEP Network. http://www.eipot.eu.

Wiedmann, T., Wilting, H. C., Lenzen, M., Lutter, S. and 
Palm, V. (2011) Quo Vadis MRIO? Methodological, data 
and institutional requirements for multi-region input-
output analysis. Ecological Economics, 70(11), 1937-
1945. http://dx.doi.org/10.1016/j.ecolecon.2011.06.014.

Wiedmann, T., Wood, R., Lenzen, M., Minx, J., Guan, D. 
and Barrett, J. (2008) Development of an Embedded 
Carbon Emissions Indicator - Producing a Time 
Series of Input-Output Tables and Embedded Carbon 
Dioxide Emissions for the UK by Using a MRIO Data 
Optimisation System. Final Report to the Department 
for Environment, Food and Rural Affairs by Stockholm 
Environment Institute at the University of York and 
Centre for Integrated Sustainability Analysis at the 
University of Sydney. EV02033, June 2008. Defra, 
London, UK. http://randd.defra.gov.uk.

Wiedmann, T., Wood, R., Lenzen, M., Minx, J., Guan, 
D. and Barrett, J. (2010) The carbon footprint of the 
UK - Results from a Multi-Region Input-Output model. 
Economic Systems Research, 22(1), 19-42. 

Wilting, H.C., Vringer, K. Carbon and Land use 
accounting from a producer’s and a consumer’s 
perspective – an empirical examination covering the 
world. Economic Systems Research 21(3) 291-310

Wooders P., Reinaud J., Cosbey A. (2009) Options 
for Policy Makers – Addressing Competitiveness, 
Leakage and Climate Change. International Institute 
for Sustainable Development.

 



ghg emissions embodied in trade. Published 2012.48 ghg emissions embodied in trade. Published 2012. 49

Glossary

Annex B countries/regions

These countries are included in the Annex B to  
the Kyoto Protocol and have set emissions targets: 
Australia, Austria, Belgium, Bulgaria, Canada, 
Croatia, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Japan, Latvia, Liechtenstein, Lithuania, 
Luxembourg, Monaco, Netherlands, New Zealand, 
Norway, Poland, Portugal, Romania, Russian 
Federation, Slovakia, Slovenia, Spain, Sweden, 
Switzerland (including Liechtenstein), Ukraine,  
United Kingdom, United States of America.

Annex I countries/regions

These countries are party to the United Nations 
Framework Convention on Climate Change: Australia, 
Austria, Belarus, Belgium, Bulgaria, Canada, Croatia, 
Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Japan, Latvia, Liechtenstein, Lithuania, Luxembourg, 
Malta, Monaco, Netherlands, New Zealand, Norway, 
Poland, Portugal, Romania, Russian Federation, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Turkey, Ukraine, United Kingdom, United States of 
America. These countries committed themselves to 
the aim of returning individually or jointly to their 1990 
levels of GHG emissions by the year 2000. By default, 
all other countries are referred to as Non-Annex I 
countries.

Best Available Technology (BAT)

The BAT figure is the average emissions intensity 
of the cleanest factories in the EU producing 
the product. The average is taken over the tenth 
percentile (by output in USD). The 27 countries are 
ranked by emissions intensity, then the cumulative 
output of both value, in dollars and emissions in 
tonnes is found. Ten per cent of the total output in 
value is calculated then the cumulative emissions at 
this point are divided by cumulative output to give an 
estimate of the BAT.

Border Adjustment / Border Carbon 
Adjustment (BCA) / Border Tax Adjustment 
(BTA)

A Border Adjustment is the import fees levied by 
carbon-taxing countries on goods manufactured  
in non-carbon-taxing countries. If country A exports 
to country B, who has introduced a Border Tax 
Adjustment country A will remit any GHG emission 
taxes they have imposed at their border to ensure  
a level playing field in international trade.

Border Emission Levy (BEL)

A Border Emissions Levy would intend to reply upon 
GATT Article XX in its defence and therefore exempt 
adjustments where others have equivalent measures 
in place. Here, if country A exports to country B, who 
has introduced a Border Adjustment, country A would 
respond with an export tax equivalent to the import 
levy; thus eliminating the case for the import level for 
its exports. Country A has captured the revenues and 
can use them as they wish as with any other tax.

Cap

A cap is an upper limit on emissions.

Consumption Based Emissions

Allocate emissions to the consumers in each  
country. There is no standard and internationally 
agreed methodology to estimate these emissions.  
A Consumption Based Account measures the 
emissions required to satisfy final demand in each 
country. Where-as a Trade Adjusted Emissions 
Inventory takes production emissions and subtract 
emissions associated with exports and adds those 
for imports. This study considers the Consumption 
Based Account because this method takes account 
of feedback mechanisms where by emissions from 
country A that are exported to intermediate demand in 
country B and made into goods consumed by country A 
are traced and correctly assigned to country A.

Direct emissions

Direct emissions or ‘on-site’ emissions are defined at 
the point in the energy chain where they are released 
and are attributed to that sector.

Direct + electricity emissions

The on-site emissions and the emissions associated 
with the generation of electricity both on and off 
site when producing the product. This only includes 
electricity emissions purchased or produced by the 
manufacturing outlet.

Direct + power sector emissions

The on-site emissions and the emissions associated 
with electricity used within all sectors that input into 
the production process. All electricity through the 
whole supply chain would be captured.

Embedded emissions

The emissions embedded by all the relevant sectors 
inputting into the production of the product.

Emissions Trading Scheme (ETS)

Emissions trading schemes set emission allowances 
and allow trading between industrial sectors. At the 
end of a period of time, some operators may have 
surplus allowances, below their cap, if they have 
reduced their emissions. These surpluses can be sold 
to operators needing to buy more. In effect, an ETS 
ensures that emissions are capped at a set level. 

Environmentally Extended Multi-Regional 
Input-Output (EE-MRIO)

An MRIO model with emissions output per industrial 
sector data as an extension. This allows calculation of 
the full global supply chain emissions associated with 
products to be determined.

EU-Emissions Trading Scheme (EU ETS)

Launched in 2005, the EU ETS is an allocation  
and trading scheme for greenhouse gas emissions 
allowances within the EU. One allowance is one tonne 
of carbon dioxide equivalent. The scheme monitors 
the emissions of over 10,000 installations. A limit 
or ‘cap’ is set by Member State’s Governments on 
the total amount of emissions allowed from all the 
installations and the allowances are then distributed 
between them. At the end of each year, operators 
can buy additional allowances (on top of their free 
allocation) or sell surplus allowances gained from 
making emissions reductions. The scheme means 
that emissions are capped across the EU.

EU ETS sectors

Phase 1 (2005-2007) of the EUEST covers energy 
activities, production and processing of ferrous 
metals, mineral industry (cement clinker, glass and 
ceramic bricks) and pulp paper and board activities 
in the EU 27 member states. Phase 2 (2008-2012) 
includes Norway, Iceland and Liechtenstein and will 
include aviation emissions from 2012.

European Union (EU)

The following countries are member states of the EU: 
Austria, Belgium, Bulgaria, Cyprus, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, 
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Poland, Portugal, 
Romania, Slovakia, Slovenia, Spain, Sweden and 
United Kingdom.

General Agreement on Tariffs  
and Trade (GATT) 

This agreement was first signed in 1947 and  
is a multilateral agreement regulating trade  
among countries. In 2012 it regulated trade  
among 153 countries.

Greenhouse Gas (GHG)

GHGs are the gaseous constituents of the 
atmosphere, both natural and anthropogenic, that 
absorb and emit radiation at specific wavelengths 
within the spectrum of infrared radiation emitted by 
the Earth’s surface, the atmosphere and clouds. This 
causes the greenhouse effect. Water vapour (H2O), 
Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide 
(N2O) and Ozone (O3) are the main GHGs. Entirely 
human-made GHGs include Hydrofluorocarbons 
HFCs), Perflurocarbons (PFCs) and Sulphur 
Hexafluoride (SF6).

Global Trade Analysis Project (GTAP)

The Global Trade Analysis Project (GTAP) is a global 
network of researchers and policy makers conducting 
quantitative analysis of international policy issues. 
GTAP is coordinated by the Centre for Global Trade 
Analysis in Purdue University’s Department of 
Agricultural Economics. One of the outputs of GTAP is 
a global data base describing bilateral trade patterns, 
production, consumption and intermediate use of 
commodities and services.

Indirect emissions

Indirect emissions refer to the energy use in  
end-use sectors and account for the emissions 
associated with the upstream production of the end-
use energy. These include the emissions associated 
with the production of intermediate demands to the 
manufacturing industry making the product, the 
product’s use and disposal.

Least Developed Countries (LDC)

According to the United Nations, the following 
countries are on the list of Least Developed 
Countries: Afghanistan, Angola, Bangladesh, Benin, 
Bhutan, Burkina Faso, Burundi, Cambodia, Central 
African Republic, Chad, Comoros, Democratic 
Republic of the Congo, Djibouti, East Timor, Equatorial 
Guinea, Eritrea, Ethiopia, Haiti, Gambia, Guinea, 
Guinea-Bissau, Kiribati, Laos, Lesotho, Liberia, 
Madagascar, Malawi, Mali, Mauritania, Mozambique, 
Myanmar, Nepal, Niger, Rwanda, Sao Tome and 
Principe, Samoa, Senegal, Sierra Leone, Solomon 
Islands, Somalia, Sudan, Tanzania, Togo, Tuvalu, 
Uganda, Vanuatu Yemen, Zambia. 
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Materiality

Some Border Adjustment schemes introduce 
thresholds that exclude some ‘non-material’ flows. 
For this study, flows are excluded if they represent 
less than 0.5% of the total GHG emissions for that 
sector total.

Multi regional input output (MRIO) models

Am MRIO is a model built on economic accounting 
principles that makes the link between production 
and final demand. It allows analysis of a product’s 
supply chain showing the increase output response  
of all industrial sectors to unit increase in demand  
of a single product.

MtCO2 / MtCO2e

A measure of the weight of carbon dioxide in 
measured in mega tonnes. If all GHGs are included in 
the measure, carbon dioxide equivalence is used. This 
is the amount of carbon dioxide emission that would 
cause the same amount of radiative forcing as an 
emitted amount of a well mixed GHG.

Production based emissions

Report GHG emission based on the system f economic 
activities in line with Gross Domestic Product. Under 
this system, international aviation and shipping are 
typically allocated to counties based on the operator 
of the vessel.

Strong Carbon Leakage

Strong carbon leakage is the increase in GHG 
emissions outside of country A due to climate  
policy in A. 

System leakage

A flow of emissions to countries where there  
is no commitment to reduce emissions.

Territorial based emissions

All emissions emitted from a country’s territory. 
These emissions do not include those related to 
international aviation and shipping. These inventories 
are the basis of the UNFCCC regime.

UNFCCC

United Nations Framework Convention on Climate 
Change is an international environmental treaty 
signed in Rio in 1992 at the UN’s Conference on 
Environment and Development (UNCED). One of the 
main outputs of the treaty was the establishment  
of national GHG inventories.

Weak Carbon Leakage

Weak carbon leakage is the GHG emissions 
produced outside of a county A’s territory  
to meet the consumption of country A.

World Trade Organisation (WTO) 

Created in 1995 and implements the GATT. It provides 
a forum for negotiated additional reduction of trade 
barriers and for settling policy disputes, and enforces 
trade rules.
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