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Abstract
Although climate change and international trade are interdependent, policy-makers often 
address the two topics separately. This may inhibit progress at the intersection of climate 
change and trade and could present a serious constraint for global climate action. One key 
risk is carbon leakage through emission outsourcing, i.e. reductions in emissions in coun-
tries with rigorous climate policies being offset by increased emissions in countries with 
less stringent policies. We first analyze the Paris Agreement’s nationally determined con-
tributions (NDC) and investigate how carbon leakage is addressed. We find that the risk of 
carbon leakage is insufficiently accounted for in these documents. Then, we apply a novel 
quantitative approach (Jiborn et al., 2018; Baumert et al., 2019) to analyze trends in carbon 
outsourcing related to a previous international climate regime—the Kyoto Protocol—in 
order to assess whether reported emission reductions were offset by carbon outsourcing in 
the past. Our results for 2000–2014 show a more nuanced picture of carbon leakage during 
the Kyoto Protocol than previous studies have reported. Carbon outsourcing from devel-
oped to developing countries was dominated by the USA outsourcing to China, while the 
evidence for other developed countries was mixed. Against conventional wisdom, we find 
that, in general, countries that stayed committed to their Kyoto Protocol emission targets 
were either only minor carbon outsourcers or actually even insourcers—although the trend 
was slightly negative—indicating that binding emissions targets do not necessarily lead to 
carbon outsourcing. We argue that multiple carbon monitoring approaches are needed to 
reduce the risk of carbon leakage.
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1 Introduction

International trade and climate change policy are intrinsically linked, yet often dealt 
with in separate silos (Betsill et al. 2015; Bhagwati and Mavroidis 2007). Climate nego-
tiations under the UN Framework Convention on Climate Change (UNFCCC) focus on 
national climate action and the distribution of responsibilities between countries, but pay 
little attention to effects of international trade. Yet, emissions embodied in trade amount 
to roughly 25% of global greenhouse gas (GHG) emissions (Peters et al. 2011; Wood et al. 
2018). Negotiations within the World Trade Organization (WTO) focus on trade regula-
tions and liberalization without much attention to how such measures interact with climate 
goals. This sharp separation of responsibilities may inhibit progress on issues that lie in the 
intersection between climate change and trade and thereby presents a serious constraint for 
global climate action (Bacchus 2016).

International trade has the potential to contribute to a carbon efficient allocation of 
global production resources and may thereby facilitate cost-efficient carbon mitigation. 
Nevertheless, it can also undermine ambitious climate goals if carbon intensive production 
is outsourced (deliberately or not) to countries with less stringent mitigation policies. Con-
versely, widespread suspicion of large-scale carbon emission outsourcing—or carbon leak-
age—may undermine support for ambitious climate policies (Jiborn et al. 2018). Our study 
focuses on all carbon leakage across countries (weak carbon leakage) and is not limited 
to emission outsourcing that is directly caused by differences in climate policy stringency 
(strong carbon leakage).

Throughout the paper, we use the terms carbon leakage and (carbon) emission outsourc-
ing interchangeably. We will use these terms such that a country is outsourcing carbon 
emissions if its exports and imports lead to lower domestic emissions and higher emissions 
abroad, than would be the case on a no-trade scenario with the same consumption.

The IPCC 4th Assessment Report (Parry et al. 2007) identifies three possible mecha-
nisms by which carbon leakage can occur: (1) emission intensive production may be out-
sourced to non-constrained areas through changes in international trade patterns; (2) falling 
prices of fossil fuels due to reduced demand in some areas may lead to increased use in 
other areas; and (3) changes in terms of trade may lead to increased income and hence 
greater energy demand in non-constrained areas. This paper focuses on the role of emis-
sion outsourcing via international trade (cf. Kander et al. 2015). Emission outsourcing does 
not necessarily imply that entire industries are moved abroad, but rather that the balance 
of heavy and light production in export and import changes in such a way that potential 
domestic carbon reductions may (partially) be offset by increases abroad.

The major contribution of this paper is the combination of a qualitative analysis of the 
extent to which emission outsourcing was addressed within the nationally determined con-
tributions (NDCs) of the 2015 Paris Agreement and a quantitative analysis of the magni-
tude of emission outsourcing during the period of an earlier climate agreement, namely 
the Kyoto Protocol. This may indicate whether the risk of carbon outsourcing in times of 
increased international efforts to combat climate change is—based on past experience—
sufficiently reflected in countries’ NDCs.

The sealing of the Paris Agreement in 2015 marks an important step forward in global 
efforts to combat climate change. For the first time, the majority of countries in the world 
(and not just developed nations) have committed to carbon reductions and limitations, 
albeit voluntarily. This could potentially reduce the risk of carbon leakage compared to 
previous agreements where only developed countries committed to carbon reductions.



149The risk of carbon leakage in global climate agreements  

1 3

Under the 1997 Kyoto Protocol (KP), carbon leakage was commonly defined as emis-
sions reductions in countries with binding emissions targets according to the Protocol—so 
called Annex B countries—being offset by increased emissions in non-Annex B countries 
without such binding commitments. Although countries with binding targets collectively 
reduced their emissions during the period covered by the Protocol, global emissions con-
tinued to increase, partly due to increased production in non-Annex B countries for export 
to Annex B countries (Aichele and Felbermayr 2015; Wyckoff and Roop 1994; Peters and 
Hertwich 2008; Jakob et al. 2013).

However, under the Paris Agreement, each country still defines its own reduction targets 
and policies to achieve them. Since the NDCs vary, not only in ambition but also in types 
of target, the risk of carbon leakage—from countries with absolute reduction targets (i.e. 
most developed countries) to countries with relative reduction targets (i.e. most develop-
ing countries)1—remains an important issue. Similarly, avoiding carbon leakage is relevant 
when it comes to parties cooperating on fulfilling their NDC’s through Article 6 (Müller 
and Michaelowa 2019).

In this paper, we address the issue of carbon leakage in three ways. First, we analyze 
the NDC submissions under the current climate agreement (i.e. the 2015 Paris Agreement) 
and investigate how issues related to emission flows in trade and carbon outsourcing are 
addressed. Second, we use recently published emission data for 2000–2014 and employ 
a novel method to analyze carbon outsourcing trends of countries with and without bind-
ing targets under the Kyoto Protocol. This allows us to assess whether, and to what extent, 
emission reductions were offset by carbon leakage in the major past climate agreement. 
Third, we discuss the potential effects of emission outsourcing and the need for multiple 
carbon monitoring approaches going forward.

2  Methodology

2.1  Qualitative methods

This paper combines qualitative and quantitative approaches. The qualitative part of the 
analysis consists of a systematic text analysis of NDCs to reveal how trade and carbon 
outsourcing are approached in the Paris Agreement. NDCs are increasingly being used to 
analyze countries’ positions or the role of certain issue areas in the climate negotiations 
(cf. Pauw et al. 2016; Charlery and Trærup 2019). Manual coding was used as this allows a 
reflective iterative process between the data material and coding (cf. Brandi 2017; Tørstad 
and Sælen 2018). This enables a more inductive approach of how countries perceived the 
role of trade in the Paris Agreement, rather than a purely deductive approach (Tørstad and 
Sælen 2018). It also reduces ‘noise’ by ensuring that, for example, ‘Minister of Trade’ was 
not counted as part of the amount of times the term ‘trade’ appeared in the NDC submis-
sions. The main limitation of manual coding is that it is often considered less reliable than 
automated coding.

1 Such relative emission reduction targets are defined in comparison with projections of historical emission 
trends or in relation to GDP.
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NDCs2 submitted from February 2015 to February 2017 were included in the study. 
The findings were cross-checked with interactive tools for NDC analysis, including NDC 
explorer (Pauw et al. 2016) and The Climate Access Indicators Tool (CAIT). In addition, 
we conducted field observations and eight open-ended interviews at Paris COP21 in 2015 
and Marrakesh COP22 in 2016. The following interviews were included in the study: two 
delegates from developing countries, one delegate from a developed country, three NGO 
representatives with extensive experience in the Monitoring, Reporting and Verification 
(MRV) debates, and two experts on carbon monitoring. These interviews were used to gain 
further insights into the analysis of the data and were selected to represent a broad range of 
stakeholders.

NDCs do not represent hard national policies, but should rather be seen as political doc-
uments providing political statements and reflections of prioritizations and responsibilities 
of mitigation within the climate change regime (Winkler et  al. 2017). The fact that the 
NDCs point to a gap between trade and climate does not, on its own, rule out that countries 
touch upon these issues in other forums or policy documents. However, countries’ future 
climate action are largely shaped by their NDCs, and thus, they do provide key insights 
into how the issue of carbon leakage is addressed in relation to countries’ climate actions 
(Brandi 2017). While NDCs disclose neither the full extent of countries’ trade policies, nor 
their interlinkages with climate change, they do represent an important indicator for how 
countries perceive the role of trade (and carbon outsourcing) within the climate change 
process (Chan et al. 2016).

2.2  Quantitative methods

In order to establish an improved understanding of the extent, to which carbon outsourcing 
through global trade may undermine climate mitigation policies, we quantify emission out-
sourcing and assess whether there has previously been systematic outsourcing from coun-
tries with binding emission targets to countries without. Many such studies examine the 
spatial divide between emission generation and final consumption by using Multi-Region 
Input–Output analysis (Wiedmann 2009; Davis and Caldeira 2010; Peters et  al. 2011). 
Such analysis disentangles the production stages of global value chains and thereby ena-
bles the tracing of production-related carbon emissions of final goods across the involved 
countries. Reallocating emissions to countries of final consumption may yield large differ-
ences when compared to each country’s production-based emissions. However, structural 
outsourcing of emissions from developed nations as a consequence of having a domestic 
service economy and importing heavy industrial goods from abroad should not be con-
fused with emissions transfers that result from differences between countries’ technologies 
or energy systems (Jakob et al. 2013; Kander et al. 2015; Jiborn et al. 2018; Baumert et al. 
2019).

For example, consider a country with near-zero emissions in its energy system, due 
to a large share of renewable and/or nuclear energy, and with a strong focus on energy 
heavy industrial goods in its exports, while imports mainly consist of light manufac-
ture and services, largely from countries with less carbon efficient energy systems. Due 

2 Initially, Intended Nationally Determined Contribution (INDC) was analyzed; however, an INDC is auto-
matically turned into an NDC when a country ratifies the Paris Agreement, unless it communicates that it 
prefers to update the document first, which only very few parties have done.
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to the composition of exports and imports, the country is a large net exporter of energy 
embodied in traded goods. Moreover, since its exports replace energy heavy produc-
tion elsewhere—where energy production is largely fossil fuel based—the net effect 
of its trade on emissions abroad is negative; its exports reduce foreign emissions more 
than the emissions generated in producing the goods that it imports. However, since 
energy embodied in its exports has near-zero emissions, this country could still have 
a negative balance of emissions embodied in trade (BEET). But exchanging energy 
heavy industrial goods for light manufacture cannot reasonably be classified as carbon 
outsourcing.

As another example, consider a case where a country over time replaces fossil 
fuels in its export industries with renewable energy. Suppose all other factors remain 
unchanged. This country would then reduce its production-based accounting (PBA) 
emissions during the period, but its BEET would also become more negative. Hence, if 
negative BEET is considered evidence of carbon outsourcing, the conclusion would be 
that part of the decrease in domestic emissions (PBA) were offset by increasing carbon 
outsourcing. Surely, that is not a reasonable interpretation.

The traditional concept of BEET is therefore not a reliable indicator of emission 
outsourcing. We employ the technology-adjusted balance of emissions embodied 
in trade (TBEET) developed by Kander et  al. (2015) and Jiborn et  al. (2018). This 
method harmonizes international differences in sectoral carbon intensities to isolate 
the impact of trade specialization and monetary trade balance on flows of (embodied) 
carbon emissions. The TBEET indicator describes the net balance of emissions traded 
by a country (group) after correcting for technology differences, which is a more ade-
quate indicator of structural carbon outsourcing (see Supplementary Information for a 
more detailed elaboration on the TBEET measure). Applying this indicator to the sec-
ond example above yields the result TBEET = 0 for the regarded country, implying that 
the trade scenario does not involve carbon outsourcing.

Baumert et  al. (2019) apply the TBEET approach to a global context by examin-
ing 40 countries included in the World Input–Output database—WIOD (Timmer 
et  al. 2015). The authors find that roughly half of the observed imbalance in emis-
sions embodied in trade was attributable to differences in technologies and energy sys-
tems. Jiborn et al. (2020) provided the results for 43 countries’ emission responsibil-
ity according to technology-adjusted consumption-based accounting (TCBA) between 
2000 and 2014 based on the 2016 release of WIOD as well as the environmental exten-
sion published by Corsatea et al (2019).

This paper brings the analysis further by analyzing these 43 countries’ TBEET for 
the period 2000–2014, and focusing specifically on whether countries that had com-
mitted to the KP outsourced more emissions than countries that had not, to see whether 
an earlier climate agreement might have coincided with increased structural emission 
outsourcing. Moreover, the quantitative analysis is combined with qualitative insights 
from NDC text analysis.

Future studies could complement this paper by including data from other data-
bases such as EXIOBASE3 (Stadler et  al. 2018). We used WIOD, partly because 
EXIOBASE3 was unavailable during the data analysis, because WIOD can be used for 
comparative purposes with other similar studies, and since its corresponding environ-
mental accounts have recently been updated (Corsatea et al. 2019). For further discus-
sion on the potential limitations and uncertainties associated with carbon accounting, 
the use of different databases, and the TBEET indicator, see Supplementary Informa-
tion 1 and 2.
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3  Results

3.1  Carbon outsourcing in the Paris Agreement NDCs

Direct references to carbon outsourcing were not found in any of the 163 NDCs sampled. 
However, a number of related aspects were analyzed, including references to: types of tar-
gets, international trade, consumption, leakage, and carbon footprint. These are analyzed in 
the sections below with an overview in Table 1 and overall conclusions at the end.

3.1.1  Types of targets

All developed countries (commonly referred to as Annex I countries in the UNFCCC) have 
submitted absolute targets, i.e. targets of absolute emissions reductions compared to emis-
sions in a historical benchmark year. Brazil is one of few large developing country emit-
ters that have submitted absolute targets. Most developing countries have instead submitted 
relative targets, either as reductions below BAU,3 carbon intensity target (aggregate car-
bon emitted per unit of GDP), or they have set a year of peak emissions (peaking targets). 
The rest of the submitted targets come in the form of “policies and actions” or “adaptation 
with mitigation co-benefits,” so with no clear quantitative emission goals. In addition, most 
developing countries have presented both unconditional and conditional targets. Condi-
tional targets tend to be more ambitious and dependent on external support, such as finance 
or technology transfer from developed countries. Besides varying types of targets, the scale 
of targets also varies from covering economy-wide emissions to sector (usually energy) 
specific emissions.

Considering the four largest emitters, we see that China’s4 and India’s 2030 targets are 
to lower  CO2 emissions per unit of GDP by 60–65% and 33–35%, respectively, compared 
to the 2005 level. The EU’s target is to lower its 1990 GHG emissions by 40% by 2030, 
while the USA’s target is to reduce its GHG emissions 26–28% below their 2005 levels by 
2025.

Assuming an average annual GDP growth rate of 4% in China and India from today 
until 2030 –a conservative assumption given that the average growth rates since 2005 have 
been 9% for China and 7.5% for India,5 these economies will be more than four times larger 
in 2030 than in 2005. This in turn means that China’s carbon emissions could increase by 
70% in absolute numbers (by 2030, the year they aim to reach peak  CO2 emissions), and 
India’s could more than double and still be in line with their NDCs. The commitments 
made by these two countries thereby admit for an absolute increase in emissions twice as 
large as the combined reductions committed to by the EU and the USA. Consequently, 
submitted NDCs could leave room for substantial carbon outsourcing from countries with 
absolute targets to countries with relative ones, which represents a real risk for the success 
of climate mitigation.

3 BAU refers to a “baseline” or “business-as-usual” level of fossil-fuel consumption in a country, against 
which any (unconditional or conditional) target can be compared or measured. There is a large degree of 
flexibility, and often little transparency, in how countries decide to set their BAU scenario.
4 China also has a target to reach peak  CO2 emissions by 2030.
5 The figures are based on World Bank data: https ://data.world bank.org/indic ator/ny.gdp.mktp.kd.zg.

https://data.worldbank.org/indicator/ny.gdp.mktp.kd.zg
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3.1.2  International trade

Thirty-six of the NDCs include specific trade elements that are geared towards fostering 
mitigation. Interestingly, the largest importers (e.g. the USA) and exporters (e.g. China) 
of embodied carbon do not include trade in their NDCs, while countries (e.g. Cambodia, 
Cook Islands, and Venezuela) that are highly vulnerable to the impacts of climate change 
and have a high degree of trade openness have included more trade elements in their NDCs 
(see also Chan et al. 2016; Brandi 2017). The most common references to trade are: reduc-
ing trade barriers to stimulate diffusion of climate friendly goods (ten countries), regulat-
ing trade on climate grounds (23 countries), promoting transparency and awareness among 
producers and consumer through labelling (nine countries), and negative effects of climate 
change on exports (five countries). We found no direct references to countries mentioning 
the risks of carbon outsourcing or leakage. Of course, such risks could still be approached 
in other policy forums, but countries do not seem to perceive emissions embodied in trade 
as a risk relevant to the UNFCCC process. Reasons for this are likely to include that trade 
in general is seen as a sensitive issue at the UNFCCC and that dealing with the issue of 
carbon outsourcing is perceived to add to the complexity of the negotiations particularly 
due to the clear overlap with WTO-related policy issues.

3.1.3  Consumption

Consumption relates to carbon outsourcing as countries’ domestic demands may affect pro-
duction patterns abroad, e.g. the USA and China. The UNFCCC does not have the man-
date to interfere with consumption patterns in individual countries. However, preventing 
one’s climate action from increasing emissions elsewhere would be a meaningful aspira-
tional goal for countries. Moreover, at the very least the external impact of one’s consump-
tion should be discussed in the UNFCCC to get more comprehensive action (Harris and 
Symons 2013).

In total, 44 submitted NDCs mention ‘consumption,’ but mainly when referring to 
energy consumption. Of these, 22 countries, including China and India but surprisingly no 
developed countries, mention sustainable consumption as part of their domestic mitigation 
efforts. These references to sustainable consumption do not include a consideration of the 
effects that a country’s consumption pattern may have on other countries. In general, there 
is little debate at the UNFCCC on consumption patterns and the measurement of consump-
tion-based accounting (based on observations and interviews at COP21 and COP22).6 Even 
countries that are major exporters of embodied emissions have shown little interest in con-
sumption-based accounting, and in estimating emissions linked to traded goods, other than 
electricity (Harris and Symons 2013). Key barriers to introducing a consumption-based 
approach of measuring emission responsibility include a perceived increase in complexity, 
perceived lack of data, fears that reduced consumption may impact economic growth nega-
tively, and countries’ reluctance to take on responsibility for emissions happening abroad 
that they cannot directly control. The debate over consumption and consumption-based 
accounting has, however, been picked up by non-state actors. Several NGOs argue that 
consumption-based emission levels should be accounted for in the negotiations, and several 

6 Consumption-based accounting (CBA) is equal to PBA, plus imports, minus exports of embodied emis-
sions. When compared to PBA, they can provide an indication of whether a country is outsourcing its emis-
sions.
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businesses have begun analyzing emissions related to different stages of their supply-chains 
(Chan et al. 2016; Peters 2008).

3.1.4  Carbon border adjustments

One measure to address carbon leakage, which has been the topic of much recent debate, 
is carbon border adjustments (Ladly 2012). This measure–often accompanied by either 
a domestic carbon tax or a cap-and-trade scheme–would try and level the playing field 
between domestic producers facing costly climate restrictions while foreign producers may 
only be subject to very few such restrictions. Proponents see carbon border adjustments as 
a key tool to mitigate the risk of carbon leakage, to protect local low-carbon production, 
and boost climate-smart trade (Mehling et  al. 2018; Arroyo-Currás et  al. 2015). Others 
have criticized the idea as incompatible with WTO rules, potentially leading to trade wars, 
and having only limited impact on global climate gains (Balistreri et al. 2015; Jakob et al. 
2013). So far, carbon border adjustments have only been implemented to a limited extend,7 
and Mexico is the only country that mentions them in its NDCs. Nevertheless, political 
momentum may be shifting. The 2019 European Green Deal (COM (2019) 640) specifi-
cally opens up for the possibility of introducing carbon boarder adjustments to counteract 
the risk of carbon leakage.

As evident from Table 1, there is considerable potential for trade-related measures for 
climate action to be considered in future NDC updates, especially among the major emit-
ters (e.g. the USA, China, and EU) and exporters of embodied carbon (e.g. China) (cf. 
Brandi 2017). Clearly, acknowledgment of potential leakage, the need to limit the out-
sourcing of carbon intensive production to other countries, and climate mitigation policies’ 
relation to trade are largely missing in the NDCs.

A key objection to highlighting trade issues at the UNFCCC is the perception that these 
should be dealt with at the WTO (based on interviews with three UNFCCC negotiators 
COP22 2016). Another concern is that efforts to address emission outsourcing at the UNF-
CCC may lead to distortions in international trade (e.g. regarding issues such as intellec-
tual property rights, fossil fuel subsidies, renewable energy exports) and could complicate 
policy-making further (interview with developing country negotiator, COP 22 2016; Chan 
et al. 2016; Whalley 2011).

3.2  Carbon outsourcing in the Kyoto Protocol

The risk of carbon leakage offsetting part of the effect of achieving NDC targets has been 
highlighted above. This section looks deeper into the dynamics and effects of carbon leak-
age. We investigate how countries’ balance of emissions embodied in trade (BEET) and 
technology-adjusted balance of emissions embodied in trade (TBEET) developed during 
the period 2000–2014, which largely overlaps with the period when the KP was in place 
and fully covers the first commitment period 2008–2012. It therefore serves as an exam-
ple of the potential impact of carbon outsourcing on climate targets. By including a large 
part of the time between when the protocol was signed and the first commitment period, 
and two years after the first commitment period ended, we also capture possible effects of 

7 An example are free allocations for specific sectors under the EU Emissions Trading Scheme to prevent 
carbon leakage.
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policies being implemented in advance of the commitment period and possible delayed 
effects. All developed countries signed the KP, but the USA never ratified it and Canada 
later withdrew from its commitments.

3.2.1  Carbon leakage and binding targets

Figure  1a shows the development of the traditional, BEET, and the technology-adjusted 
balance of emissions embodied in trade, TBEET, for the group of countries with Kyoto tar-
gets, including the USA and Canada (see Supplementary Information for tabularized and 
country-specific results). In short, a positive TBEET is an indication of carbon insourcing, 
while a negative value indicates carbon outsourcing. Figure 1a shows that the group as a 
whole was a net carbon outsourcer throughout the observed period and had a substantially 
lower TBEET in 2014 as compared to 2000. The pattern of TBEET is similar to that of 
traditional BEET, but differs in that its decrease was less pronounced. Either way, these 
results provide evidence for increasing carbon outsourcing during the period.

Figure 1b, on the other hand, shows the development of the TBEET indicators only, but 
where the USA and Canada are disregarded in order to focus on the countries that remained 
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Figure B (subsample of countries)

Countries that only signed KP
Countries that ratified KP and remained

Fig. 1  Conventional balance of emissions embodied in trade (BEET) and technology-adjusted emission 
trade balance (TBEET) for the countries that signed the Kyoto Protocol (KP) 2000–2014. a All countries 
signing KP and b Comparing the TBEET of countries only signing KP and those that ratified and remained 
within the KP (Note: b “Countries that only signed KP” group consists of all countries in the sample except 
BRA, CHN, IDN, IND, KOR, MEX, TUR, TWN; “Countries that ratified and remained” group consist 
of all countries except BRA, CHN, IDN, IND, KOR, MEX, TUR, TWN, USA, CAN (see Supplementary 
Information 6 for the country codes).)
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in the treaty throughout the stated period. The comparison shows that the negative trend 
displayed in Fig. 1a is largely driven by the countries that did not ratify the KP or remained 
a part of it. In contrast, the group of countries that remained in the KP were either com-
paratively minor net outsourcers of emissions (9 years during the observed period) or even 
net carbon insourcers (6 of the 15 regarded years). While changing back and forth between 
an overall negative and positive balance of TBEET in the countries that remained in the 
KP, the trend between 2000 and 2014 is declining, which is an indication that at least part 
of the reported emissions reductions was offset by changes in trade patterns. Therefore, the 
trend towards increasing carbon outsourcing and, consequently, a potential undermining of 
climate mitigation policies under the KP is evident from the TBEET for the countries that 
remained in the treaty.

As apparent from Fig. 1a and b, the observed outsourcing is largely driven by the USA, 
which never ratified the KP. Depending on the respective year, the group of countries that 
maintained their climate mitigation commitments actually either were minor net outsourc-
ers on aggregate or even appeared as insourcers of  CO2. This allows for the optimistic 
interpretation that binding emission targets do not necessarily lead to carbon outsourcing. 

-4% -2% 0% 2% 4% 6% 8%

Average yearly change in PBA

-4%

-3%

-2%

-1%

0%

1%

2%

3%

4%
A

ve
ra

ge
 y

ea
rly

 c
ha

ng
e 

in
 

T
B

E
E

T
/P

B
A

AUS

AUT

BEL

BGR

BRACAN

CHE

CHN

CYP

CZE

DEU

DNK

ESP

EST

FIN

FRA

GBR

GRC

HRV

HUN

IDN

IND

IRL

ITA

JPN

KOR

LTU

LUX

LVA

MEX

MLT

NLD

NOR

POL

PRT

ROU
RUS

SVK

SVN

SWE

TUR

TWN

USA

Increased outsourcing or decreased insourcing

Increased insourcing or decreased outsourcing

Kyoto = Yes
Kyoto = No

Fig. 2  Individual country performance on production-based emissions (PBA) and carbon out-
sourcing (TBEET). Note: Average yearly change in ΔTBEET/PBA (vertical axis) is calculated: 
1

n

∑

n

t
(TBEET

t
− TBEET

t−1)∕PBAt−1. Average yearly change in PBA (horizontal axis) is calculated as: 
1

n

∑

n

t
(PBA

t
− PBA

t−1)∕PBAt−1 with points to the left of the vertical line indicating emission decreases and 
the points to the right indicating emission increases over time



158 T. Nielsen et al.

1 3

It is not the countries with the toughest emission reduction commitments that outsource 
emissions. There is a slightly falling trend in the TBEET among countries that stayed in 
the KP, which offset part—but not all—of the aggregate emission reductions. Collectively, 
countries that signed, ratified, and stayed within the KP reduced their domestic emissions 
by 10 per cent during the period. Roughly one-quarter of this reduction—i.e. 2.5 percent-
age points—was offset by changes in their TBEET.

3.2.2  Individual countries’ risk of carbon leakage

Examining the performance of individual countries, Fig. 2 displays each country’s average 
yearly change in production-based emissions (PBA) between 2000 and 2014 on the hori-
zontal line and change in TBEET over the same years on the vertical line (divided by PBA 
in the corresponding year for comparability). All underlying data and discussion around 
the uncertainties of the analysis can be found in Supplementary Information.

Countries that appear to the right of the vertical line have increased PBA emissions and 
those to the left have decreased PBA emissions. Countries below the horizontal line with 
negative values of ∆TBEET/PBA had lower TBEET in 2014 compared with 2000, indicat-
ing an increase in carbon outsourcing or decrease in carbon insourcing. The colours of the 
circles indicate the status in relation to the KP commitments. A red circle indicates binding 
Kyoto emission targets, and the fact that the country signed, ratified, and stayed committed 
to the protocol throughout the investigated period. A blue circle indicates that the country 
either had no binding commitments according to the protocol, that it did not ratify it (i.e. 
the USA), or did not remain within it (i.e. Canada).

Since the figure shows relative changes in TBEET, we cannot tell whether a negative 
trend indicates increased outsourcing or decreased insourcing of emissions from this graph 
itself. This depends on the absolute value of TBEET and may be derived from Supplemen-
tary Information. A positive and declining TBEET indicates a case of decreasing insourc-
ing, whereas a negative and declining TBEET characterizes increased outsourcing. Of 
course, it is also possible that a country went from insourcing to outsourcing, or vice versa. 
For our purposes here, however, the change as such is of interest rather than absolute levels 
in order to identify trends during the period of previous binding climate mitigation targets 
(i.e. within the KP).

We analyze a total of 43 countries of which 33 were committed to the KP and 10 were 
not, either not ratifying, i.e. the USA, or without binding targets, e.g. China. The dotted 
diagonal line indicates where the improvement/deterioration of TBEET is equal to the 
decrease/increase in PBA.

Countries in the upper left box reduced their PBA while improving TBEET; hence, the 
reported reductions in production-based emissions were not undermined by increased out-
sourcing or decreased insourcing of emissions via trade. Countries in the lower left box 
reduced their PBA but at the same time showed deteriorating TBEET; hence, the reported 
reductions in production-based emissions were at least partly undermined by increased 
outsourcing/decreased insourcing. For countries to the left of the dotted red line, the reduc-
tion in PBA was larger than the deterioration of TBEET; hence, at least part of the pro-
duction-based emissions reduction was “real” as it has not been undermined by increased 
emission outsourcing or decreased insourcing. For countries to the right of the dotted red 
line, TBEET deteriorated more than PBA improved; hence, reported production-based 
emissions reductions were completely undermined by increased outsourcing/decreased 
insourcing.
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Countries in the upper right box increased their PBA but also improved TBEET. For 
countries to the left of the dotted red line, the improvement of TBEET was larger than 
the increase in PBA, implying increased insourcing or decreased outsourcing of emissions 
that more than outweighed the increase in production-based emissions. To the right of that 
line, PBA increased more than the improvement of TBEET, implying that the increase 
in production-based emissions was only partly outweighed by decreased outsourcing/
increased insourcing. Countries in the lower right box worsened their performance in both 
dimensions: increasing PBA while at the same time increasing outsourcing or decreasing 
insourcing of emissions.

The figure thus shows that approximately half of the countries (21 of 43, left side of 
the dotted line in Fig. 2) in our sample improved their overall climate performance over 
the period. Twenty of these were countries with binding Kyoto commitments. The USA 
was the only country without such a commitment that improved its overall performance. 
Twelve countries improved in both dimensions, while nine (including the USA) improved 
more in one dimension than they deteriorated in the other.

On the other hand, around 40 per cent (13 of 33, coloured in red to the right of the dot-
ted line in Fig. 2) of the sampled countries that were committed to Kyoto targets worsened 
their overall performance over the period. Increased production-based emissions, increased 
outsourcing/decreased insourcing, or both drove this negative development. While we can-
not—of course—infer direct causation between the Kyoto targets and outsourcing, this 
finding is nonetheless important.

For the ten countries in our sample that did not ratify or remain within the KP (blue 
circles in Fig. 2), the pattern is clear. All countries apart from the USA increased their pro-
duction-based emissions and six of them also increased carbon outsourcing or decreased 
insourcing. For instance, Brazil increased its TBEET deficit ninefold, India’s TBEET 
declined fivefold while the USA showed a slight decrease in TBEET between 2000 and 
2014. The other three countries (China, South Korea, and Taiwan) without binding Kyoto 
targets increased their PBA, and although part of this increase was due to increased carbon 
insourcing, improving TBEET did not outweigh the entire increase in production-based 
emissions.

4  Discussion and concluding remarks

The interlinkage between international trade and climate change remains an important 
issue under the Paris Agreement and the consideration of trade elements in the UNFCCC 
remains insufficient (Brandi 2017). Our analysis demonstrates how countries have largely 
neglected trade-related issues in the current NDC submissions (see Table  1). Although 
NDCs are not necessarily representative of countries’ trade policies, the analysis of NDCs 
highlights the neglect of international trade in general and carbon outsourcing specifi-
cally. Future rounds of NDCs need to provide more clarity and coherence when it comes to 
efforts to reduce the risks of carbon leakage. This could include: more clarity on whether 
countries with absolute targets outsource their carbon to countries with relative targets; 
more clarity and room for discussion on the international effects of countries’ consumption 
behaviour on global emissions; more clarity in reflecting on the potential negative external 
effects of carbon emission’s decoupling from economic progress. Finally, there needs to be 
more coordination on policies that could reduce the risk of carbon leakage. While the qual-
itative analysis highlights the lack of acknowledgement of potential carbon outsourcing 
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under the Paris Agreement, the quantitative part investigates the potential consequences 
of this by highlighting the trend of emission outsourcing patterns under a previous treaty 
aimed to combat climate change.

The quantitative part of this study ascertains that carbon outsourcing was a real issue 
during the KP period (cf. Aichele and Felbermayr 2015; Peters and Hertwich 2008). How-
ever, unlike the previous research, our study also demonstrates that carbon outsourcing 
from developed to developing countries was dominated by countries that did not imple-
ment the Kyoto Protocol. Future studies should further explore the factors accounting for 
this trend. Given that global carbon outsourcing in the period 1995–2014 was dominated 
by the USA outsourcing to China (see also Baumert et al. 2019), it is problematic that the 
USA, once again, announced its withdrawal from a global climate agreement. This makes 
it imperative that trade and climate regimes are further interconnected and able to assess 
the potential risks of countries’ production-based carbon reductions being offset by carbon 
leakage to others.

This is not to say that all countries should aim at minimizing carbon outsourcing. Car-
bon outsourcing is not in itself necessarily negative (Jiborn et  al. 2018; Baumert et  al. 
2019). Industries that move to new countries provide the receiving countries with new 
revenue and jobs, and countries also differ with regard to access to low carbon energy 
resources and other relevant factors. If outsourcing means that energy intensive produc-
tion is increasingly located in countries that are well endowed with low carbon energy 
resources, it can actually result in a more efficient distribution of international production 
for global emissions. If production is increasingly outsourced in the opposite direction, the 
result is less carbon efficient global production.

One aspect we do emphasize is the need for multiple monitoring approaches. The lim-
itations of territorial monitoring of carbon emissions have been made explicit for some 
time (Peters 2008; Davis and Caldeira 2010). In contrast to consumption-based accounting, 
which is traditionally considered the main alternative to PBA, TBEET adequately accounts 
for emissions transfers that can be characterized as carbon outsourcing via the structure 
and magnitude of international trade. Hence, complementing PBA with TBEET would add 
a relevant perspective and constitute a major step forward to monitoring climate mitigation 
efforts, for example during global stocktakes (Milkoreit and Haapala 2018).

Continuous and more sophisticated monitoring of emission outsourcing would improve 
transparency and knowledge concerning GHG transfers across economic sectors and coun-
tries. Moreover, it would allow policy-makers to assess to what extent domestic emission 
reductions may result in increases elsewhere. It would also enable a comparison between 
different sectors within countries, providing a useful overview of how different sectors 
compare on a global scale with regard to carbon efficiency.

In general, having multiple monitoring techniques would provide a more comprehensive 
picture of the effects of countries’ climate actions and policies and may thus potentially 
lead to more effective climate policies (Steininger et al. 2015). However, this would neces-
sitate further negotiations on the suitable choice of climate monitoring approaches, which 
many countries would be reluctant to encourage. In the worst case, it may also foster paral-
lel agreements based on different accounting systems, which would further add to the com-
plexity of global climate governance (Betsill et al. 2015).

Despite these limitations, countries like Sweden and the UK have to some extent 
addressed the issue of carbon outsourcing in their domestic climate agendas (cf. Swed-
ish Parliament’s Cross-Party Environmental Goals Committee 2016:21, 47; Barrett et al. 
2013), albeit not in their NDCs. Future rounds of NDC reporting need to provide momen-
tum on countries that have either started considering their emissions responsibility abroad 
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or intend to invoke measures to (potentially) reduce carbon leakage. Discussions on how 
to address this need to take place both at the domestic and intergovernmental level. The 
UNFCCC and other forums like the WTO need to provide suitable venues where countries 
can coordinate their efforts and find common ways to implement and monitor effects that 
national climate actions can have abroad.
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