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Abstract
As an instrument to minimize carbon leakage, the effects and feasibility of Carbon 
Border Adjustments Mechanism (CBAM) will depend on multiple design options. 
While the EU has committed to introducing CBAM as part of its green climate deal, 
pursuing climate efforts to successfully limit global warming requires a collective 
implementation involving major emitters China and the US. This paper quantifies 
the distributional impacts of a joint CBAM implementation of in a climate alliance 
or a club of the EU, the US, and China. Differing from a myriad of studies that 
focus on unilateral CBAM, this analysis emphasizes collective implications on leak-
age, sectoral competitiveness, and welfare by projecting climate neutrality relative 
to current policies and climate targets. Our findings confirm that coalition reduces 
leakage, improves production on energy-intensive industries, and increases club’s 
welfare relative to a non-CBAM and a unilateral implementation. These are in con-
trast with some unilateral analytical studies, especially for the US. It is further proof 
of the potential of CBAM as collective instruments to facilitate mitigation and trade 
competitiveness.
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1 Introduction

As a pioneer in global climate mitigation, the European Union (EU) has been taking 
more serious action in regards to the policy initiative of the European Green Deal 
(European Commission 2019), aiming to reach carbon neutrality by 2050 (European 
Parliament 2019). In achieving this, the EU Commission has initiated the Carbon 
Border Adjustment Mechanism (CBAM) to support transition to stop free allow-
ances and in long term to reduce the risk of carbon leakage and ensure competitive 
price (European Commission 2019). CBAM can be imposed either as import tariffs 
for certain goods that imported to the EU or export rebates for the EU export. In 
early 2021, the EU Parliament expressed its support, and the first legislative pro-
posal was released on July 14, 2021, as part of the Fit for 55 legislative packages 
(European Commission 2021b, c).

On the other hand, the EU’s strong commitment and its unilateral move are still 
subject to caveats. EU contributions as an economic union are still limited to mak-
ing meaningful differences in global emissions targets without equal effort from the 
major emitters such as China and the US. A coordinated multilateral action shall 
be considered since domestic reductions in emissions are likely counter-balance by 
emissions outside the EU (Condon and Ignaciuk 2013; Clora and Yu 2022). In addi-
tion to this, the carbon cost discrepancy has been expanding dramatically in the EU 
ETS sectors, indicating a higher growing burden on the European industries com-
pared to other regions (Mathieu 2021).

A climate alliance or club has been a long-discussed approach to global warming, 
as a study proposed by Nordhaus (2015). Aligning acclimate club with CBAM is 
feasible as participating countries could manage emissions at a stringent level and 
coordinate tariffs on imports to solve the leakage and burden sharing issue (Branger 
and Quirion 2014; Böhringer et  al. 2021). The EU legislative proposal opens this 
opportunity to coordinate with the affected regions that motivates to form a climate 
club, which includes the opportunity for agreements with China and the US1 since 
both have also committed to a more stringent climate approach to reach climate 
neutrality.

With the US, the EU, and China accounting for 61% of the global gross domestic 
product and 43% of goods imports, forming a climate club has geopolitical advan-
tages. A tripartite deal also supports China’s green revolution with no extra cost on 
the export (Li and Zhang 2012) and fits with the US’s strategy on China’s tech-
nology and intellectual property (Tagliapietra and Wolff 2021). A collective CBAM 
implementation involving the EU, China, and the US is critical to achieve universal 
abatement commitments from others. China and the US are net gainers from uni-
lateral mitigations, but these net gains are bolstered by universal climate abatement 
(Perdana and Tyers 2020). An import tariff in CBAM increases production costs and 
acts as a punitive instrument that alter countries’ decisions to join and change other 
countries’ dominant strategy from free riding. As the cost of reducing emissions 

1 Antony J. Blinken, Secretary of State, February 19, 2021: The United States Officially Rejoins the 
Paris Agreement. US Department of State. https:// www. state. gov/ the- united- states.

https://www.state.gov/the-united-states-officially-rejoins-the-parisagreement/
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falls, the cost of joining the club will decline, so China and the US’ decisions to 
form a coalition and implement CBAM alongside the EU is a decisive factor for oth-
ers countries to follow (Helm et al. 2012; Böhringer et al. 2016).

This paper aims to assess the distributional impacts of the climate club of the 
EU, China, and the US imposing the CBAM. Despite studies measuring the implica-
tion of CBAM, none specifically focused on analyzing the impacts when a border 
tariff protection is implemented amongst a climate club consisting the EU, the US, 
and China.2 Though the impacts of unilateral policy are measurable, the magnitude 
of the resulting leakage will depend on the current climate policies, implementing 
countries, and sectoral coverage. Unlike previous studies, we start the analysis from 
the current policy and climate targets for these regions, then move to their latest 
climate neutrality targets. CBAM is then introduced under this neutrality framework 
and being assessed for its potentials of CBAM to reduce emissions leakage, sectoral 
competitiveness, and their distributional allocations in each region or as a club. Sce-
nario development also involves sectoral analysis, the basis and the adjustment tariff 
target in order to improve the global-cost effectiveness.

Our analysis confirms that collective implementation reduces leakage and 
improves productivity especially in energy-intensive industries (EII). The collec-
tive implementation also improves welfare relative to a non-CBAM and or unilat-
eral implementation, where welfare contribution from trade is stronger for the US 
than for the EU or China. The following section discusses the current literature of 
CBAM, the critical aspect and the implications. A modelling approach is addressed 
in Sect. 3, and Sect. 4 elaborates the scenario development, numerical results and 
analysis. Results are concluded in Sect. 5.

2  Literature review

In general, studies investigating CBAM report impacts due to changes in production 
output (Babiker and Rutherford 2005; Mattoo et  al. 2009; Böhringer et  al. 2010; 
Winchester et al. 2011). Three aspects emerge from these prior analyses. The first 
is CBAM’s impact on reducing leakage and improving overall cost effective if it is 
unilaterally implemented. The second aspect is whether CBAM limits the negative 
effect on the production of EII. And if it creates negative terms of trade effects that 
impact the welfare (Gros 2009).

 The coalition scenario created to address the leakage channels will determine 
how effectively CBAM reduces leakage (Branger and Quirion 2014). Most studies 
that focus on the EU as a unilateral region or as a central player in the coalition, 
confirm that CBAM reduces leakage (Elliott et  al. 2010; Böhringer et  al. 2012c; 

2 We acknowledge that the US has a current free trade agreement with Mexico and Canada (USMCA, 
which can detract joining from the coalition. However, we assess that a climate club including the US is 
feasible, given the current proposal from congressional Democrats for import tax based on carbon con-
tent (see: https:// www. bloom berg. com/ news/ artic les/ 2021- 07- 14/ democ rats- propo se- tax- on- carbo ninte 
nsive- impor ts- in- budget- deal) and possibility to amend the current agreement to extend to environmental 
modules (see: https:// www. iatp. org/ trade- agree ments- achie ve- clima te- ambit ions).

https://www.bloomberg.com/news/articles/2021-07-14/democrats-propose-tax-on-carbonintensive-imports-in-budget-deal
https://www.bloomberg.com/news/articles/2021-07-14/democrats-propose-tax-on-carbonintensive-imports-in-budget-deal
https://www.iatp.org/trade-agreements-achieve-climate-ambitions
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Bednar-Friedl et al. 2012; Perdana and Vielle 2022) despite the significance and the 
magnitude of the reported results not always being in agreement. In contrast, the 
analysis centralizing on the US finds no significant evidence for leakage. McKib-
bin et al. (2016) finds non-positive leakage in the unilateral implementation of the 
carbon tax in the US. Implementing carbon tax lowers growth in the US and slows 
down the global economies. It further results in declining in global emissions. Pol-
icy scenarios with a CBAM tax on imports with the baseline reflecting current poli-
cies also find no evidence of leakage (McKibbin et al. 2012).

The leakage effect may also differ between macro and sectoral levels. Kuik and 
Hofkes (2010) and Antimiani et al. (2013) confirm a modest reduction effect in the 
EU macro-levels. Nonetheless, the sectoral rate of EII’s leakage such as in the iron 
and steel industry may be reduced significantly. Böhringer et al. (2012a) discovers 
that production losses fall from 2.8 to 1% compared to the reference case, implying 
carbon border adjustment’s competence in protecting the competitiveness of energy 
intensives industries in abating regions.

In contrast, McKibbin et al. (2018) study discovers potential declines in export 
when quantifying the economic and environmental impact of carbon taxation in the 
US in the presence of a CBAM. Imposing CBAM tends to produce lower net exports 
than the carbon taxes alone. It raises the value of the dollar relative to other cur-
rencies, thus lowering exports more than imports. This finding is consistent with 
standard results in the international trade literature on the effects of import tariffs 
and export subsidies on real exchange rates, yet often overlooked in the discussion 
of domestic carbon policy.

On the other hand, China has been chiefly seen as a vital target country of 
CBAM. Among the few qualitative analyses, Li and Zhang’s initial study (2012) 
ensures CBAM will result in relocations of outputs across regions and countries. 
Although, when compared to a unilateral tax, CBAM would be a costly and ineffi-
cient policy instrument to reduce emissions, it could function as a coercion strategy. 
This coercion strategy might significantly influence China’s motivation to impose 
carbon tariffs. China is a large economy and energy consumer that is very open to 
international trade. Looking ahead, the Chinese government considers potential 
interactions between China and other economies when designing tax reforms (Lin 
and Li 2012). Seeing the interaction between the US and the EU that tends to be 
confrontational, China may impose a carbon tax to give an equal game to play, or 
it may not. A simulation study of China’s imposing carbon tax against American 
carbon tariffs results in fluctuation in China’s GDP and greatly impacts high-carbon 
industries (Zhu et al. 2020).

From these current literature, three things can be concluded. First, a unilateral 
CBAM implementation between the EU and the US will likely lead to opposite 
results; effective for the EU but contradictory to the US. Second, the non-existing lit-
erature on China implementation in CBAM should be a priority in further research. 
And third, an assessment of the collective implementation of CBAM between these 
major emitters is important to project the effect on global leakage, sectoral competi-
tiveness, and welfare in each region. Implementing CBAM would change the pay-
offs in climate negotiation and be an incentive for abating their emissions.
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The projected impacts of unilateral implementation policy are well known (Felder 
and Rutherford 1993), but the relative magnitude of resulting leakages, competitive-
ness level, and welfare impacts if countries move collectively remains an empiri-
cal question, which all depends on the policies in place, the implementing coun-
tries, and the affected sectors. This paper aims to address this empirical question. It 
focuses on scrutinizing the impact of CBAM on the EU, the US, and China collec-
tively as a club, based on the current climate policies and targets. A carbon neutral 
commitment is the conditional factor to join the climate club for collective CBAM, 
which have been all indicated by the EU, China and the US.

The analysis will prove a hypothesis of ineffective CBAM of a small coalition 
by Antimiani et al. (2013). The notion of a coalition was introduced by Buchanan 
(1965) and then up-scaled by Nordhaus (2015) by positing climate as a public 
goods. Increasing tariffs unilaterally increases leakage (Jakob et al. 2013), but leak-
age is still likely to occur in a limited coverage coalition and consequently offset 
emissions reduced by the coalition (Veenendaal and Manders 2008). A small coali-
tion still causes a reallocation of emission reductions; thus, this is also not effective 
in reducing leakage. Furthermore, the implementation should be directed towards a 
global solution rather than a domestically oriented point of view. In addition to this, 
widening the scope of the coalition could avoid abuse of pure protectionists, which 
could lead to retaliatory tit for tat trade wars.

For competitiveness analysis, Weitzel et  al. (2012) argues that the EU has the 
strongest incentives followed by the US, to increase carbon-based border tax prices 
across regions once a coalition is formed. Strategic use for the terms of trade is more 
substantial than environmental use for reducing carbon emissions. Böhringer et al. 
(2017) claim that protective measures in CBAM increase the comparative advantage 
and competitiveness, but may reduce output value due to negative Income Effect 
(IE) should the coalition be formed. Reduction in output value should also be the 
center of analysis of collective CBAM implementation. Sub-global abatement inevi-
tably induces changes in trade, comparative advantage, and competitiveness and 
arguably affects the coalition welfare.

3  The GEMINI‑E3 model

The vast majority of research around CBAM is built on the Computable Gen-
eral Equilibrium (CGE) models, where carbon leakage and distributive alloca-
tion between sectors could adequately be assessed. The CGE is widely adaptable 
to address the economic impact of climate-change mitigation policies and the level 
of ambition required to reach the commitments. The multi-sectoral calibration and 
dynamic global scope encompass international trade and emissions and adequately 
address the impacts in terms of allocation of production, international trade and 
emissions of Greenhouses Gases (GHGs). For simulations and analytical purposes, 
this study uses the latest modification of GEMINI-E3 based on the study by Ber-
nard and Vielle (2008). The model incorporates multi-country, multi-sector, recur-
sive computable general equilibrium model that assumes of total flexibility in 
both macroeconomic markets such as capital and international trade markets (with 
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endogenously driven associated prices being the real rate of interest and the real 
exchange rate) and microeconomic or sector markets (goods, factors of production, 
etc.).

The current version is built on the GTAP 10 data base (Aguiar et al. 2019) with 
the year 2014 as the reference year. For analytical purposes, the regional aggregation 
of this version covers the EU, the US, China and the rests of the world which is rep-
resented by eight countries and regions. The number of sectors is limited to 11 for a 
tractable and acceptable computation time. GEMINI-E3 is recursive dynamic, with 
backward looking (adaptive) expectations.

For each sector, the model computes the demand of its production based on of 
household consumption, government consumption, exports, investment and interme-
diate uses. Total demand is then divided between domestic production and imports 
using the Armington assumption (Armington 1969), which assumes that domestic 
and imported goods are not perfectly homogenous.

Production technologies are described by a nested Constant Elasticity of Sub-
stitution (CES) functions. Simulations use the endogenously carbon price for the 
CBAM tariff, not a stylized unilateral carbon pricing, to tackle the possibility of 
endogenously decreasing supply elasticities and sharply increasing marginal leakage 
rates for large coalitions as indicated by Boeters and Bollen (2012). This technique 
avoids an overestimation of industrial output loss and underestimation the increase 
in the  CO2 embodied in imports that affect the accuracy of efficiency of border car-
bon adjustments at reducing leakage (Caron 2012).

GEMINI-E3 calibrates GHG emissions  (CO2 and non-CO2) from policy data-
bases of countries to sectoral level of aggregation. This feature enables the imposi-
tion of CBAM, either as an import tariff or export subsidy, and estimates its impacts, 
especially for leakage and decomposition. The way the carbon contents are com-
puted in GEMINI-E3 is detailed in Appendix B.2

In all the scenario preformed in this paper, we assume that the government’s defi-
cit or surplus is fixed. When a CBAM is implemented, the revenue collected will be 
redistributed to households as lump sum transfer.

The total emissions leakage for a country is equal to the emission change by sec-
tors and household consumption. Other critical features of GEMINI-E3 including 
its GHG emissions, leakage decomposition and methods of welfare assessments, are 
detailed in the Appendices A and C.3

4  Scenario development, numerical result and analysis

4.1  Current policies implemented in the club

The scenario design of current policies follows the CD-Links policies database, 
documented in McCollum et  al. (2018) and Roelfsema et  al. (2020), along with 

3 This can also be found on the webpage of the H2020 Paris-Reinforce project. See https:// paris- reinf 
orce. eu/ i2am- paris/ models

https://paris-reinforce.eu/i2am-paris/models
https://paris-reinforce.eu/i2am-paris/models
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International Energy Agency (2020) to ensure a more updated complementary 
climate-development policy until the year 2030. The assumptions on demography, 
GDP, energy prices and technology costs follow our previous work on the H2020 
Paris-Reinforce project, detailed in Giarola et al. (2021) and Sognnaes et al. (2021). 
This scenario includes a subset of the high-impact policies collected and analyzed 
for the period 2015 to 2030. For robustness, the scenario will be projected until 2040 
to fit the undefined climate policies post-2030 and the feasibility of policy imple-
mentation due to technological and sectoral granularity in the model. All relevant 
policies are listed in the Table A.13 of Appendix.

Particularly for the EU, the reference scenario uses still targets in 2030 climate 
and Energy Framework of the −43% emissions decrease with respect to 2005 for 
ETS and the −30% for non-ETS emissions. These two carbons’ prices are then 
assumed to grow in line with GDP per capita rates until 2040.4 Table 1 shows keys 
performance indicators for the selected regions in the year 2020. The current poli-
cies scenario results in GHG emissions as described in Fig. 1.

Around 16% of the world production of energy-intensive goods are traded among 
countries),5 and the exchange of these goods amounts to 7′515 billion of US$6by 
2040 (Table 2). The club represents 46% of the exports and 44% of the imports. As 

Table 1  Key indicators in % 
of the global figure about the 
Club–year 2020

1 United Nations database
2 GEMINI-E3 outputs
3 IMF database GDP in PPP
4 IEA energy balances

The Club Rest of the world

USA EU China

Population1 4% 7% 18% 71%
GHG  emissions2 12% 8% 29% 51%
CO2  emissions2 15% 9% 29% 47%
GDP3 15% 15% 17% 54%
Coal  consumption4 8% 6% 52% 34%
Oil  consumption4 22% 13% 14% 51%
Natural gas  consumption4 22% 12% 7% 59%
EII  production2 12% 17% 38% 33%
EII  exports2 13% 21% 16% 50%
EII  imports2 14% 15% 17% 55%

4 This treatment distinguishes between the definition of current and climate policies scenarios in our 
analysis, with the latter incorporating carbon neutral targets in 2050-2060 and the adjusted abatement 
target in precedent years.
5 Without considering intra-trade within the European Union and other aggregated regions.
6 In the paper, all the US$ values refer to US$ of the year 2014.



306 Environmental Economics and Policy Studies (2023) 25:299–329

1 3

expected, China is not only a net exporter to the US and the EU, but also is a net 
importer from the other regions.

4.2  Climate policies implemented in the club

The climate policies scenario integrates the new targets recently decided by the alli-
ance as elaborated in the previous subsection. In line with the EU’s new target to cut 
GHG emissions by at least 55% from 1990’s levels, we follow the proposal of the 

Fig. 1  GHG emissions in the current policies scenario in Mt  CO2-eq. Source: Estimation as described in 
the text

Table 2  International trade matrix for energy-intensive goods in billions of US$–year 2040–Current poli-
cies scenario

Source: Estimation as described in the text

Importers

USA EU CHI IND BRA RUS CSA ASI MID AFR ROW Total

Exporters USA 127 36 6 17 4 126 57 18 5 127 523
EU 198 63 21 24 58 49 81 92 44 238 868
CHI 311 282 52 39 46 123 489 128 70 144 1684
IND 130 143 42 17 10 37 115 129 47 38 707
BRA 20 23 26 1 0 27 17 6 2 6 128
RUS 14 53 8 3 4 4 13 14 2 41 156
CSA 115 38 40 4 21 1 32 5 1 39 296
ASI 216 168 389 41 17 16 60 69 20 85 1079
MID 25 83 47 31 5 6 6 60 26 42 331
AFR 54 226 123 37 12 2 6 81 144 93 777
ROW 243 291 159 37 11 36 22 103 54 10 967
Total 1326 1434 933 232 167 179 460 1047 658 227 853 7515
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EC’s impact assessment report (European Commission 2020) to increase the targets 
to −65% for ETS sectors and to −40% for Effort Sharing Regulation (ESR) sectors 
by year 2030 with respect to 2005 levels.

In the US, even if the commitments defined by the Biden administration have 
not been specified in detail, we assume that the existing regional cap-and-trade pro-
grams already implemented into the electricity generation sector7 will be extended 
to other states and merged (Hibbard et al. 2018). We also assume that the US EII 
will participate into the US ETS market. For China, our climate policy scenario sets 
no specific targets for their ETS sectors, since the trading market has not been esca-
lated to the national level. National abatement targets are adjusted linearly to achieve 
net-zero emissions by the targeted year. The abatement target for China is 100% in 
2060, with national abatement targets linearly adjusted (25% of 2020 in 2030, 50% 
in 2040, and 75% in 2050) to reach this net zero emissions target. Table 3 lists these 
new targets.

In this scenario, we implement the GHG and  CO2 targets in the club with uni-
lateral  CO2 prices. In the EU, an ETS price and a GHG tax (applied on the ESR 
sectors) are implemented simultaneously, followed by the assumption of a fully 
auctioned quota in the ETS sector. A similar protocol is used for the US. With no 
precise definition of the climate policy, especially for ETS markets (Li et al. 2019; 
Yan et al. 2020), we assume that a uniform carbon price is implemented in China. 
Table 4 shows the results of  CO2 prices.

Table 3  Climate Policies Design in the Club

2030 2035 2050 2060

EU GHG with respect to 1990  −55%  −100%
EU ETS with respect to 2005  −65%
EU ESR with respect to 2005  −40%
China  CO2  −100%
USA GHG with respect to 2005  −50%  −100%
USA  CO2 from electricity generation  −100%

Table 4  CO2 prices in the Club 
(US$2014 per ton of  CO2)–
Climate policy scenario

Source: Estimation as described in the text

2025 2030 2040

EU ETS price 50 77 131
EU ESR price 149 776 3353
USA ETS price 56 161 275
USA carbon tax 43 170 1080
Chinese carbon tax 10 25 132

7 Such as the Regional Greenhouse Gas Initiative or the California cap and trade initiative.
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Integrating the “Fit for 55” package results in a higher EU ETS price, which is 
now equal to 131 US$ in 2040.8 The  CO2 price applied in the EU ESR sectors reach 
3353 US$ showing the stringency of the emissions reduction in these sectors, espe-
cially in the transportation and in non-  CO2 GHG emissions. In the US, both the 
ETS and the  CO2 price will emerge in the year 2030.The ETS reaches 275 US$ in 
2040 with increasing pressure now placed on other sectors, raising the  CO2 prices to 
1080 US$ in 2040.9 For comparison, China’s  CO2 price is relatively the same com-
pared to the EU and the US. Despite being lower than predicted in a recent study 
by Yuan et al. (2021) with an estimated 99 US$ in 2030, our projected  CO2 price is 
consistent with similar simulations for China using CGE models (Cao et al. 2021).

Table  5 shows the impact of these unilateral carbon prices on  CO2 emissions. 
Global  CO2 emissions decrease by 10.1 GT  CO2 or 23%, whereas global GHG emis-
sions are reduced by 12.4 Gt  CO2-eq or 20% by 2040. As can be expected, GHG 
emissions increase in all regions beyond the club. The leakage rate is equal to 4.8%.

The EII production fall range between 4.8 and 12.2%, whereas amongst non- alli-
ance member, production increase occurs mainly in Russia (+ 22.9%), followed by 

Table 5  Main results from climate policy scenario–Year 2040

* CO2 emissions refer to  CO2 from energy, industrial processes and product use
† without LULUCF
Source: Estimation as described in the text

Welfare change in 
% of household 
consumption

GDP in % w.r.t 
current policies 
scenario

EII production in % 
w.r.t current policies 
scenario

CO2 
 emissions* 
change
in Mt  CO2

GHG 
 emissions† 
change
in Mt  CO2-eq

USA –3.7% −1.8% –8.9% –2914 –3674
EU –4.5% –3.5% –12.2% –1564 –1849
CHI –4.3% –1.8% –4.8% –6246 –7452
IND –0.2% 0.0% 0.7% 19 22
BRA –1.0% 0.1% 3.7% 9 1
RUS –3.1% 1.0% 22.9% 119 109
CSA –1.3% 0.1% 6.8% 48 67
ASI –0.5% 0.1% 2.7% 126 136
MID –2.5% 1.0% 12.5% 130 135
AFR –1.5% 0.1% 3.2% 75 63
ROW –2.1% 0.3% 9.9% 95 84
World –2.7% –1.1% –1.8% –10,103 –12,358

8 With the previous target, the EU Reference Scenario projected the ETS price to be approximately 80 
Euro per ton of  CO2 in 2040 (European Commission 2021a).
9 Our estimation of 170 US$ is slightly higher than previous assessment Bistline et  al. (2022) which 
predict 155 US$ marginal abatement cost in 2030 to meet the current US’ emissions target, but is still in 
range of McFarland et al. (2018) overview of 32 studies of US Carbon Tax scenarios.
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the Middle East (+ 12.5%) due to the specialization of these regions in energy-inten-
sive industries. The world GDP slightly decreases by 1.1%, due to the depressive 
impact of the climate policy within the club. Outside the coalition, GDP increases; 
however, the welfare measure gives a different picture where all regions are nega-
tively affected. The US, EU and China suffer from negative welfare changes due to 
the GHG taxation. And others, mainly energy-exporting countries, have revenue loss 
from energy exports.

Positive change in GHG emissions in all regions beyond the club indicates the 
occurrence of leakage. To distinguish the contribution from EII, we use a different 
approach for leakage decomposition. It starts from the leakage related to production 
changes without considering the emission changes induced by relative price changes 
(mainly the decrease of international fossil energy prices). For EII, we decompose 
this component as related to change in global reallocation (i.e. trade) and the one 
linked to domestic demand. It is then followed by decomposition related to the com-
ponent of aggregated production change for non-EII sectors and consumptions. The 
residual is called “other general equilibrium effects”, which is mainly driven by 
reduced international fossil energy prices. Figure 2 shows the leakage decomposi-
tion in these four components.10

At the worldwide level, the price component (“OGE” in Fig.  2), the non- EII 
component, and the EII component related to trade account for around one- third of 
leakage. At the regional level, we find many more disparities according to national 
conditions. Leakage related to EII (blue bars in Figure) dominates in the Middle 
East, India and Brazil. The decrease of international fossil energy prices induces a 
 CO2 emission decrease in India. A lower international natural gas prices generates 
the substitution of domestic coal by imported natural gas in Indian electricity gen-
eration, which decreases  CO2 emissions in this sector.

Fig. 2  CO2 leakage decomposition—Scenario Climate policy scenario. Source: Estimation as described 
in the text

10 Leakage decompositions are detailed in the Appendix C.
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The international trade of EII goods falls by 16% at the worldwide level. Exports 
from the club decrease by 30%, but imports from the Club remain un- changed 
except for China (Table 6).

4.3  CBAM integration

CBAM could be implemented by a border charge on imports, a border rebate for 
exports, or full border adjustment. The tendency, however, goes to implementation 
of CBAM as a border charge on import for less complexities (Mehling and Ritz 
2020) and its consistency with the World Trade Organisation (WTO) rules (Evans 
et  al. 2021). Implementing CBAM as an export subsidy may violate international 
trade law for its conditional upon exportation classified as a prohibited subsidy 
under the Agreement on Subsidies and Countervailing Measures (Holzer 2014). Fol-
lowing Cosbey et al. (2019), there are three following categories or scopes of cal-
culating emissions contents in CBAM. Carbon contents could be based on either 
direct emission from fuel combustion within the sector boundary (Scope 1), direct 
emissions plus the  CO2 content of electricity consumed by the sector or indirect 
emissions associated with energy use (Scope 2), or direct emissions and any indi-
rect production-related emissions including all the  CO2 content of intermediate con-
sumption by the sector (Scope 3). Computing the  CO2 content with Scope 1 is the 
simplest, while complexity grows with Scope 2, and 3. Methodologies for calculat-
ing these emission contents are detailed in the Appendix.

As legal issue might be prohibitive to a collective implementation of CBAM 
(Böhringer et al. 2012b), the system is thus more likely to comply with international 
law characterized by low rates and limited coverage. This brings to the likelihood 
that the potentials of CBAM go with scope 1 or 2 rather than scope 3, since the 
carbon content for compensation at the border includes indirect emissions associ-
ated with intermediate non-fossil inputs that are less likely to comply with WTO. 
The global cost-effectiveness of unilateral climate policy is also degraded rather 
than improved by a more complicated and detailed system in scope 3 (Böhringer 
et al. 2017). From environmental policy perspectives, the tariff is too high and fails 
to acknowledge a key behavioral response to redirect output in other markets. For 
comparative analysis, scenario development in this paper will evaluate CBAM, in all 
scopes and measure the impact on leakage, competitiveness and welfare indicators.

The analysis includes only  CO2 contents for CBAM to avoid complexity and 
to keep the robustness of estimated results. We consider it as the limitation of our 
study, as CBAM should correspond to GHG emissions covered by Annex I to the 
EU ETS (European Commission 2021c) in Directive 2003/87/EC, including nitrous 
oxide  (N2O) and perfluorocarbons (PFCs). Initial work to model non-CO2 emissions 
is done by Clora et al. (2021) using GTAP 10 non-CO2 database, with a shorter pro-
jection frame of 2030. This is clearly a matter for our future work.

The final aspect in implementing CBAM is the technique, whether the carbon 
contents will be based on the best available technology in abating countries or 
unregulated countries outside the club (Antimiani et  al. 2013). The chosen tech-
nique is critical, especially if CBAM is applied as an import tariff. We follow the 
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assessment by Ismer and Neuhoff (2007) to use domestic emissions of the export-
ing countries and to impose CBAM equal to projected carbon price of the import-
ing countries (members of the club). Tons of carbon from domestic or international 
sources are subject to similar treatment consistent with WTO rules.

4.3.1  Determining industries candidate for CBAM

Following most literature focused on EII (i.e. industries where energy consumption 
represents a significant share of production costs), a holistic sectoral assessment to 
evaluate the gain in implementing CBAM is critical. As the first step in developing 
a climate policy scenario with CBAM, we analyze the impacts of implementation 
of CBAM as import tax for electricity generation, agriculture, EII, and other goods 
& services. The scenario runs using the direct emissions from fuel combustion 
within the sector boundary, or “scope 1” for CBAM implemented in all regulated 
countries in the club. Results are significant only for EII, where CBAM reduces the 
leakage effect and protects domestic productions (Fig. 3). The production change on 
other goods & services is non-negligible, but to include this sector in the CBAM is 
impractical for the heterogeneity of goods aggregated in this sector. Further analyses 
on the following sections particularise to the EII.

4.3.2  Determining CO2 content that must be used (scopes)

In determining the basis of the  CO2 content in collective CBAM, the second step 
compares the implication of CBAM as an import tax using scopes 1, 2 and 3. The 
results of the three scenarios are reported in Fig. 4 for collective CBAM. Switch-
ing from scopes 1 to 2 significantly reduces leakage from 180 to 284 Mt  CO2 and 

Fig. 3  Change on sectoral leakage and production relative to the scenario without CBAM. Source: Esti-
mation as described in the text
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increases EII’s production from 253 to 450 million US$. The gain of scope 3 to 
scope 2 is much more limited, where leakages are reduced to 315 Mt  CO2 and EII 
production only reach 527 million US$. Scope 3 also has the particularity of raising 
practical problems of implementation due to its complexities. Following this ration-
ality, further analysis focuses on scope 2 on CBAM implementation.

4.3.3  Implementation of CBAM on EII with scope 2

The implementation of a CBAM decreases the leakage rate and limits production 
loss amongst countries of the club. CBAM also improves the welfare for club mem-
bers but not for non-members, following the loss of production in energy-intensive 
products. Moving from unilateral (Table 7) to collective implementation of CBAM 
further reduces leakage, increases the competitiveness of EII and provides higher 
welfare improvement, proving the effectiveness of coalition to attain CBAM objec-
tive. Production change of EII in China has slightly declined by joining the club, 
indicating a slight competitiveness loss by the US and EU products in the global 
market. However, this is insignificant, as welfare change in China is still higher by 
collective implementation in the club.

Welfare decomposition shown in Table  8 reveals that implementing CBAM 
improves regions gains from trade (GTT), which justifies increasing competitive-
ness and net negative deadweight loss (DWL). The US’s trade effect on welfare is 
more substantial, yet lower DWL gives more dominant effects for both the EU and 
China. These findings prove that implementing CBAM, either unilateral or collec-
tively, will positively impact US EII trade competitiveness. Further, these indicate 
that strategic use of the terms of trade is more substantial for the US, for the more 
robust incentives to increase the carbon tax by joining the coalition. These findings 
are still relevant to Weitzel et al. (2012), although the most robust incentives happen 
in the US instead of the EU. These also highlight the importance of constructing 

Fig. 4  Leakage, production, and welfare change relative to scenario without CBAM in the function of 
 CO2 content used. Source: Estimation as described in the text
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Table 7  Climate Policies with CBAM Scope 2 – Unilateral vs Collective (Club)–Year 2040–Change w.r.t 
climate policies scenario without CBAM

Source: Estimation as described in the text

USA (Unilateral) EU (Unilateral) CHI (Unilateral) USA, EU, CHI 
(Collective as A 
Club)

EII production change in billions of US$
 USA 163 –2 –3 176
 EU 7 147 5 173
 CHI 7 3 98 96
 IND –39 –32 –7 –97
 BRA –1 1 0 0
 RUS –6 –22 –2 –33
 CSA –18 0 –1 –19
 ASI –46 –18 –26 –93
 MID –6 –10 –3 –22
 AFR –9 –21 –8 –40
 ROW –30 –9 –8 –48
 World 22 39 46 91

Change of  CO2 emissions outside the Club in millions ton  CO2

 IND –66 –55 –12 –165
 BRA 0 0 0 0
 RUS –7 –28 –3 –43
 CSA –8 0 –1 –8
 ASI –6 3 –11 –10
 MID –3 –7 –2 –14
 AFR –4 –14 –6 –25
 ROW –12 –4 –3 –19
 World –108 –104 –38 –283

Welfare change in billions of US$
 USA 57 13 5 82
 EU 4 60 –6 65
 CHI 10 2 36 44
 IND –26 –21 –6 –64
 BRA –1 –1 –1 –3
 RUS –5 –14 –2 –24
 CSA –12 –5 –2 –20
 ASI –12 –4 –13 –27
 MID –9 –16 –3 –32
 AFR –8 –17 –6 –35
 ROW –30 –26 0 –60
 World –33 –28 3 –74
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the simulation based on current (and updated), instead of assuming of no climate 
policies taken, affect simulations results’ robustness. In the absence of CBAM, the 
deadweight loss is higher in the EU than in the US and China due to more stringent 
abatement targets. When CBAM is implemented, the DWL is significantly reduced 
by revenue gained from import tax (Felbermayr et al. 2015).

In terms of export, CBAM reduces more of EII exports products. Table 9 shows 
more distortion in exports for the EU, US and China than the absence of CBAM 
(Table 6). Protective measures in CBAM may increase comparative advantages and 
competitiveness, but reduce the output value due to the negative Income Effect. 
Reduction of the output value is quite significant for EII because of considerable 
declines in the import of energy-intensive intermediate goods that reduce produc-
tion. We assess that this factor is more justifiable than the effects of import tariffs 
on exchange rates as suggested by McKibbins. As the coalition grows, the effects 
of import tariffs on exchange rates will become less significant, as the value of local 
currencies of club members will appreciate.

4.3.4  Full implementation of CBAM–import tariff and export subsidies

The analysis expands once collective CBAM is complemented with an export sub-
sidy, in addition to an import tariff (full implementation). Figure 5 compares leak-
age, competitiveness, and welfare change effects between the import tariff and the 
full implementation. The latter gives slightly higher leakage reduction, more EII 
production, and insignificant differences in welfare change. Export decomposition in 
Table 10 also reveals minor differences than with import tariffs. Subsidies cause no 
significant improvements in export reductions, validating the stronger impact of neg-
ative Income Effects of a higher cost of intermediate goods that reduces the output.

5  Conclusion

Carbon Border Adjustments (CBAM) have been formally introduced as part of 
the EU Green Climate Deal to reach its commitment to carbon neutrality by 2050 
and increase the competitiveness of the EU’s energy-intensive industries. While 
pursuing climate efforts to limit global warming requires a collective implemen-
tation, the EU’s commitment to implement CBAM by 2025 should also impact 
other countries, including China and the US. On the other hand, China has also 
declared its commitment to reach carbon neutrality by 2060, and the US’ new 

Table 8  Welfare decomposition 
in billions of US$—Change in 
welfare components: scenario 
with CBAM EII scope 2 minus 
scenario without CBAM

Source: Estimation as described in the text

USA EU CHI

GTT 47 28 21
DWL 35 37 23
Welfare 82 65 44
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administration has started to take more serious action towards climate abate-
ment. This paper begins from a hypothetical standpoint and explores whether 
CBAM should be implemented collectively by the world’s most significant emis-
sions contributors, namely the EU, China, and the US. As an instrument to mini-
mize carbon leakage, the effects and feasibility of CBAM will depend on mul-
tiple design options. Differing from a myriad of studies that focus on unilateral 
CBAM, this paper analyzes the distributional impacts of joint implementation of 

Fig. 5  Leakage, production and welfare change w.r.t to scenario without CBAM—import tariff vs import 
tariff and export subsidy using scope 2. Source: Estimation as described in the text

Table 10  Change in international trade of energy-intensive goods in % w.r.t current policies scenario—
year 2040—Climate policy scenario with CBAM on import tariff and export subsidy—Scope 2

Source: Estimation as described in the text 

Importers

USA EU CHI IND BRA RUS CSA ASI MID AFR ROW Total

USA –31% –46% –71% –54% –69% –47% –54% –62% –64% –50% –46%
EU –8% –37% –68% –49% –68% –47% –51% –60% –63% –48% –42%
CHI 4% –7% –60% –36% –59% –33% –35% –49% –53% –39% –27%
IND –90% –65% –60% 22% –22% 24% 11% –1% –11% 14% –30%
BRA –3% –6% –25% –53% –48% –16% –35% –45% –45% –25% –19%
RUS –85% –54% –49% –26% 9% 17% 19% –5% –18% 18% –22%
CSA –28% –22% –32% –63% –27% –53% –37% –38% –47% –22% –29%
ASI –28% –11% –23% –54% –22% –53% 18% –37% –42% –24% –25%
MID –56% –23% –33% –41% –17% –47% –3% –6% –32% –4% –24%
AFR –36% –9% –18% –38% –3% –43% 1% –2% –10% 5% –12%
ROW –13% 4% –23% –41% –17% –49% –7% –24% –29% –35% –14%
Total –22% –17% –27% –51% –26% –57% –28% –27% –29% –42% –29% –26%
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CBAM, and emphasizes collective implications on leakage, sectoral competitive-
ness, and welfare by projecting climate neutrality relative to current policies and 
climate targets.

There are four findings concluded from the analysis. First, stringent climate 
ambitions in the EU, China, and the US result in positive GHG emissions change 
in all other regions, confirming the leakage. But the decomposition shows no 
such dominant channel of leakage between the energy market or reallocation of 
productions. But leakage caused by reallocating production from EII is signifi-
cant in Brazil, Russia and Middle East.

Second, the implementation of CBAM has to be applied only in EII in order 
to be effective in reducing leakage effects and protecting domestic productions. 
Its impact on other sectors remains insignificant. In determining the basis of the 
 CO2 content in CBAM, switching from a direct carbon content basis (scope 1) to 
include the electricity consumption (scope 2) significantly reduces leakage and 
increases EII production. These findings contradict the recent EC proposal on 
CBAM, which calculates based only on direct  CO2 emissions (Scope 1) for both 
EII and electricity generation (European Commission 2021c). Extending the sce-
nario to include indirect emissions contents (scope 3) results in an insignificant 
reduction in leakage and production improvement. Following these results, com-
patibility with WTO rules, and complexities of implementation, means that adop-
tion of scope 2 is likely to result in far more effective impacts of CBAM.

Third, a coalition reduces more leakages, improves production on energy- 
intensive industries, and increases club’s welfare relative to a non-CBAM and or 
unilateral implementation. Switching from unilateral to collective implementa-
tion of CBAM results in more leakage reduction, confirming the effectiveness of 
CBAM in a bigger coalition. Production of EII goods escalates in the EU and 
the US, but slightly reduces in China due to trade competition. Gains on trade 
improves welfare for the US, while the negative deadweight loss of revenue 
gained from import tax is more dominant for the EU and China.

Fourth, CBAM reduces further EII product exports. CBAM may increase the 
comparative advantage and competitiveness, but reduces the output value due to 
the negative Income Effect of post-import tariff on imported intermediate goods. 
This caused is more significant than the implication of exchange rates suggested 
by several studies. Switching into full implementation of CBAM by adding the 
export subsidies results in no further significant effects on leakage reduction but 
slightly improves production with no change in welfare.

Finally, the significant impacts of CBAM on aggregated EII emphasizes the 
importance of scrutinizing the impacts on each type of these energy industries. 
However, representing full disaggregated EII requires detailed inclusion of 
non-  CO2 gas, as well as necessitates extending three methodologies of impos-
ing CBAM based on emissions contents. In addition to this, mapping the source 
of non-CO2 to different classifications of energy industries (should this sector be 
disaggregated) is complex and requires secondary feedbacks for data robustness. 
This remains a limitation of this current work and should be regarded in further 
research.
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Appendix

Appendix A. Key features of the model–GEMINI‑E3

Sectoral disaggregation distinguishes sectors participating in the ETS market 
from others such as petroleum products, electricity generation, and energy-inten-
sive industries. Energy-intensive industries comprise the iron and steel industries, 
the chemical industry, the non-ferrous metals industry, the non-metallic miner-
als products, and the paper and paper products. Three other energy goods are 
described by the model: coal, crude oil, and natural gas. The remaining five sec-
tors consist of agriculture, land transport, sea transport, air transport, and other 
goods and services that aggregates all the other sectors.

Household’s behavior consists of three interdependent decisions: (1) labor sup-
ply; (2) savings; and (3) consumption of various goods and services. Labor sup-
ply and the rate of savings are exogenously driven while the demand in the differ-
ent commodities has prices of consumption and income (more precisely “spent” 
income, income after savings) as arguments, and is derived from a nested CES 
utility function, that is described in this Appendix. The government collects taxes 
and distributes the resulting revenues to households and firms through transfers 
and subsidies. Wage is chosen as a numeraire in each region.

Regional and sectoral classifications

Tables  A.11  and  A.12 provide the regional and sectoral classifications of the 
version of the GEMINI-E3 model used in this paper.

GHG emissions covered

GHG emissions in GEMINI-E3 is calibrated from the most up-to-date policy 
databases that cover the country to the sectoral level of disaggregation. Histori-
cal inventories for  CO2 and methane, are based on Community Emissions Data 
System (CEDS) detailed in Hoesly et  al. (2018). Nitrous oxide is aligned with 
PRIMAP Dataset (Gütschow et  al. 2019), and F gases is calibrated from the 
U.S. Environmental Protection Agency (Unites States Environmental Protection 
Agency 2019). The non-CO2 comes from very diverse sources such agriculture, 
industries, transport, etc., and where emissions and mitigation options must be 
represented at the bottom-up level. These non-CO2 gases represent 19% of EU28 
GHG emissions in 2016 (United Nations Framework Convention on Climate 
Change 2018). The agriculture sector contributes the most (52%), followed by the 
waste and waste-water sector (18%) and the energy sector (15%) (Höglund- Isaks-
son et  al. 2012). Non-CO2 GHG emissions included in the EU-ETS are nitrous 
oxide emissions from adipic and nitric acid production, and perfluoro- carbons 
emissions from the aluminum industry. In constructing both reference and climate 
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Table A.11  Regional classification

USA United States of America United States of America

EU European Union (28) Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Poland, Portugal, Romania, Slovakia,
Slovenia, Spain, Sweden, United Kingdom

CHI China China, Hong Kong
IND India India
BRA Brazil Brazil
RUS Russia Russia
CSA Central and Mexico, Argentina, Bolivia, Chile, Colombia, Ecuador,

South America countries Paraguay, Peru, Uruguay, Venezuela, Costa Rica,
Guatemala, Honduras, Nicaragua,
Panama, El Salvador, Dominican Republic,
Jamaica, Puerto Rico, Trinidad and Tobago,
Caribbean, Rest of North America,
Rest of South America, Rest of Central America

ASI Other Asian countries Japan, South Korea, Mongolia,
Taiwan, Brunei Darussalam, Cambodia,
Indonesia, Laos, Malaysia,
Philippines, Singapore, Thailand,
Viet Nam, Bangladesh, Nepal,
Pakistan, Sri Lanka, Rest of East Asia,
Rest of South Asia

MID Middle East Bahrain, Iran, Jordan, Kuwait, Oman, Qatar,
Saudi Arabia, Turkey, United Arab Emirates,
Rest of Western Asia

AFR Africa Egypt, Morocco, Tunisia, Benin, Burkina Faso, Cameroon,
Cote d’Ivoire, Central Africa, South Central Africa,
Ghana, Guinea, Nigeria, Senegal, Togo, Central Africa,
South Central Africa, Ethiopia, Kenya, Madagascar, Malawi,
Zimbabwe, Botswana, Namibia, South Africa,
Rest of Western Africa, Rest of South African Customs

ROW Rest of the World Australia, New Zealand, Canada, Switzerland, Norway,
Albania, Belarus, Ukraine, Kazakhstan,
Kyrgyzstan, Tajikistan, Armenia,
Azerbaijan, Georgia, Israel,
Rest of Oceania, Rest of Former Soviet Union,
Rest of the World
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scenarios, abatement for non-CO2 gases are calculated based on the marginal 
abatement cost.

Assessing welfare cost

Welfare cost of countries are measured through compensating variation of income 
(CVI) to capture the change in structure of prices, which is the main effects of climate 
change policies. The cost consists of the domestic component or deadweight loss of 
taxation (DWL) and the imported component or gains from terms of trade (GTT). The 
GTT represents spill-over effects due to changes in international prices, mainly from 
the drop-in fossil energy prices resulting from the decrease in world energy demand. 
Decomposition of the welfare cost aims to approximate decomposition between domes-
tic and imported cost to obtain a general idea of their relative importance (Harrison 
et al. 2000; Böhringer and Rutherford 2002). This approach is justified by the fact that 
the change in prices, in particular the prices of foreign trade, is fairly small. In practice, 
compensative variation income is first calculated from the results of the model, and the 
specification and coefficients of the demand function. GTT is then calculated based on 
the results of the involved scenario using the following equation:

where ∆Pexpi and ∆Pimpi represent changes in the exports and imports prices (for 
product i), with respect to the reference scenario; and  Exporti and  Importi represent the 
levels of exports and imports, respectively, in the reference scenario. Finally, the DWL 
is the difference between the compensative variation income and the GTT.

(1)GTT =
∑

i

ΔPexpi ⋅ Exporti −
∑

i

ΔPimpi ⋅ Importi

Table A.12  Sectoral 
Classification

Sector ID Sector

1 Coal
2 Crude oil
3 Natural gas
4 Refined petroleum products
5 Electricity
6 Agriculture
7 Energy-intensive industries
8 Other goods and services
9 Land sector
10 Sea transport
11 Air transport
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Appendix B. Methodology for calculating emissions contents for CBAM

Computing the  CO2 content based on scope 1 is straightforward, it includes only 
the  CO2 emissions emitted by fossil energy combustion by the respective sec-
tor. The  CO2 content αi for the sector i and region r, is equal to the following 
equation:

where IOVj,i
r

 represents the intermediate consumption by sector i in fossil 
energy j (i.e. coal, petroleum coal, petroleum product, natural gas) in region r, � j

R
 

the  CO2 emissions factor of fossil energy consumption j and XDi
r
 the production 

level of sector i in region r.
Scope 2 includes not only direct emissions from fuel combustion but also content 

 CO2 content of electricity consumed by sector i, that can be produced domestically 
or imported. This  CO2 called �i

r
 , is therefore equal to the following equation:

In addition, if a country imports electricity produced by a country that is the 
member of the club, the  CO2 emissions of this import must not be taken into 
account (i.e. �elec,

r� = 0 if r� ∈ the club).
While scope 3 also considers  CO2 contents of non-energy intermediate con-

sumption. Therefore, this  CO2 content called is �i
r
 computed by equation:

If CBAM is implemented as a border charge only, it is assumed that the  CO2 
contents of goods exported by club are not considered, and �i

r�
= 0 if r� ∈ the club.

Appendix C. The algebra of leakage decomposition

As mentioned in the Sect. 2, emissions leakage is linked to several channels, we 
perform a decomposition analysis to understand the main mechanisms of the 
emissions leakage for countries that are not part of the coalition. We compute at 
sector level the leakage that is equal for sector i to its  CO2 emissions (called COi

2
 ) 

change with respect to the current policies scenario:

(2)�i
r
=

∑

j�
j

R
⋅ IOVj,i

r

XDi
r

(3)�i
r
=

∑

j �
j

R
⋅ IOVj,i

r
+ IOVelec,i

r
⋅

�elec
r

⋅XDelec

r�
+
∑

r� ≠ r �
elec,

r�
⋅IMPelec

r�

YDelec
r

XDi
r

(4)�i
r
=

∑

j �
j

R
⋅ IOVj,i

r
+ IOVl,i

r
⋅

�l,
r
XDl

r
+
∑

r�≠ r �
l,

r�
⋅IMPl

r�

YDelec
r

XDi
r

(5)Leakagei = ΔCOi

2
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The total emissions leakage for a country is equal to the sum of leakage by sec-
tor plus the emissions change related to household consumption (denoted COH

2
).

First, we can approximate the emissions that are related only to production 
change at the sectoral level without considering the emissions change that is induced 
by relative price changes, like the decrease of fossil energy prices. We compute this 
term by multiplying the variation of production in percentage (relative to the current 
policies scenario) to the emissions level of the sector in the current policies scenario.

Variables Productioni and COi
2
 represent the production level of sector i and its 

 CO2 emissions in the current policies scenario.
For household, the same computation can be done using change in aggregate 

household consumption:

In a second step, leakage related to production change can be decomposed into 
two components; one that is related to international trade, i.e. production change 
coming from change in imports and exports of the goods produced by the sector, 
and the other related only to domestic demand.

Finally, the residual leakage represents all other general equilibrium effects, 
which are mainly driven by the decrease of international energy prices and is repre-
sented by

Source: Climate Action Tracker (2020); CD LINK (2018). Aggregated Target 
Based on Weighted Average on Renewable Share of Individual Countries.
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(6)TotalLeakage =
∑

i
ΔCOi

2
+ ΔCOH

2

(7)Leakagei
prod

=
ΔProductioni

Productioni
⋅ COi

2

(8)LeakageH =
ΔConsumption

Consumption
⋅COH

2

(9)Leakagei
prod−trade

=
ΔExport i − ΔImport i

ΔProductioni
⋅ Leakagei

prod

(10)Leakagei
prod−domestic

= Leakagei
prod

− Leakagei
prod−trade

(11)LeakageOGE = TotalLeakage − LeakageH −
∑

i

Leakagei
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