
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


This paper is from the 
GTAP Annual Conference on Global Economic Analysis

https://www.gtap.agecon.purdue.edu/events/conferences/default.asp

Global Trade Analysis Project
https://www.gtap.agecon.purdue.edu/



The EU's gain (loss) from more emission trading

�exibility�A CGE analysis with parallel emission trading

systems

Mohammad M. Khabbazan
1,2,3,*

1Workgroup for Economic and Infrastructure Policy (WIP), Berlin University of Technology (TU Berlin),

Strasse des 17. Juni 135, 10623 Berlin, Germany.

2Department of Energy, Transport, and Environment (EVU), DIW Berlin, Mohrenstrasse 58, 10117 Berlin,

Germany.

3Research Unit Sustainability and Global Change (FNU), University of Hamburg, Grindelberg 5, 20144

Hamburg, Germany.

*Correspondence to mkhabbazan@tu-berlin.de

Abstract

The EU has established the world's �rst and biggest emission-trading systems (ETS) covering aviation,

emission-intensive sectors, and electricity (EITE). This paper employs a multi-regional multi-sectoral CGE

model with two simultaneous international emission permit markets. After examining the abatement costs

for the EU regions, various policy scenarios are implemented to study the welfare e�ects of forming an ETS

covering NEIT sectors and its linking with the EITE sectors under two di�erent baselines and four emission

reduction targets. The results provide several important insights: i) Marginal abatement costs in Germany

and the Eastern European Union region (EEU) are signi�cantly lower than in the rest of the EU regions.

ii) The carbon price in the emission permit market covering NEIT is signi�cantly higher than the carbon

price in the emission permit market covering EITE. iii) Germany and EEU appear as notable suppliers of

emission permits in both markets. iv) There is a signi�cant aggregate welfare gain under the scenario in

which the ETS covering NEIT co-exists parallel with the ETS covering EITE. v) The aggregate welfare in

the EU under the full integration of EITE and NEIT may fall below its value under the scenario with two

parallel emission permit markets.

Keywords: carbon pricing; climate mitigation; climate policy; computable general equilibrium; emissions

trading; European Union; Paris Agreement; regional cooperation
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1 Introduction

Urgent response against climate change caused by anthropological greenhouse gas emissions is essential to

counteract global risks, including food production shortages, rising sea levels, and catastrophic �ooding. In

this regard, emission abatement is the most viable option, which requires international e�orts and cooperation.

International top-down policy approaches, such as the Kyoto approach, have been assumed to be unsuccessful,

and hence, bottom-up policy approaches, such as the Paris approach, have gained more attention Ostrom

(2010). At the 21st Conference of the Parties in Paris in 2015, member states to the United Nations Framework

Convention on Climate Change (UNFCCC) agreed to develop a sustainable low carbon pathway via stimulation

of actions and enhancing low carbon investments (UNFCCC, 2015). The Paris agreement aims to keep the

increase in global average temperature to well below 2 °C above pre-industrial level and pursue endeavors

to limit the increase to 1.5 °C (UNFCCC, 2015). Most individual countries, including European countries,

submitted national pledges of speci�c cuts in their carbon emissions by 2030,1 so-called Nationally Determined

Contributions (NDCs).2

These NDCs can be met through di�erent market-based instruments such as carbon pricing and emission

trading system (ETS) (also known as �cap and trade�). By internalizing the costs of climate damage into prices,

ETS allows for the international trade mechanism being taken into account and regions forming coalitions.

Studies show that linking of ETS can increase the e�ciency of international greenhouse gas mitigation (Ak�n-

Olçum et al. (2021); Alexeeva and Anger, 2016; Böhringer et al. (2021); Fujimori et al., 2016; Nong and

Siriwardana, 2018). For this reason, the linking of ETS is described as a central policy instrument to the Paris

agreement (Stiglitz et al., 2017) or viewed as a contingency option for achieving the Paris targets Ostrom (2010).

Nevertheless, it is possible that linking of ETS results in welfare losses in some of participating regions, and

the aggregate welfare of the participating regions declines for reasons including international trade (also known

as terms-of-trade) e�ects (Flachsland et al., 2009; Fujimori et al., 2016; Khabbazan and von Hirschhausen

(2021)). As an example mechanism for this, compared to a non-trading scenario, if a speci�c region redeems its

international competitiveness through its relatively lower carbon prices while the rest of the participating regions

become relatively less competitive through relatively higher carbon prices in an emission trading scenario, then

the region may gain welfare. At the same time, the rest of the regions may lose welfare. On this subject,

Paltsev (2001) and Khabbazan and von Hirschhausen (2021) show that even if a region does not implement

any climate policy, its welfare may be a�ected by the climate policy in other regions via terms-of-trade (ToT)

e�ects.3 Studies such as Barrett (2003), Böhringer et al. (2016), and Lessmann et al. (2015) discuss whether the

di�erent policy scenarios are stable or self-enforcing. If coalitions are not stable or self-enforcing, redistribution

schemes are required to make them so.

The EU has one of the world's most ambitious abatement policies and has established the world's �rst and

1Note that there are countries that stated their emission reductions for other years, such as 2025 or 2035. Also, some countries
did not even provide any quanti�ed commitments and only provided qualitative e�orts.

2The o�cial NDC database can be found here:
https://www4.unfccc.int/sites/NDCStaging/Pages/All.aspx
3Peterson and Weitzel (2016) suggest that, in a global ETS, transfer payments are essential to balance indirect market e�ects.

In this article, for the sake of brevity, transfer payments are not implemented.
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biggest carbon market. The EU 2030 Climate and Energy Framework documents abatement intentions for

sectors covered by the EU emission trading system (EU ETS).4 Several papers have analyzed the welfare and

distributional e�ects of the EU ETS (e.g., Tol (2009); Böhringer (2014); Vielle (2020)). In a multi-regional multi-

sectoral CGE model intercomparison study using the GTAP9 data set, the 36th round of Energy Modeling Forum

(EMF36) investigates various policy regimes to ful�ll di�erent ambition levels and the widespread economic

impacts such regimes may bring about (Böhringer et al., 2021). The Core EMF36 demonstrates that the results

on the EU notably depend on the model in hand Böhringer et al. (2021). While the Core EMF36 reports on

the EU as an aggregate region, there are individual contributions that consider further disaggregating the EU

(Faehn and Yonezawa (2021); Landis et al. (2021); Winkler et al. (2021)). Analyzing the impacts of Norway

joining the EU ETS, Faehn and Yonezawa (2021) model scenarios where two emission trading systems, with

one international price each, co-exist. Their focus is on Norway, a small-open economy, while the rest of the

EU is aggregated into one region. Disaggregating the EU into eight regions, Winkler et al. (2021) look into the

circumstances under which ETS linking between the EU and China is most bene�cial to the EU or China, but

they do not consider two concurrent emission trading systems. Moreover, Kriegler et al. (2020) states that the

EU reliance on coal and natural gas imports can decline more rapidly than oil imports�oil imports pose itself

as a bottleneck, where the ine�ciencies due to oil phase-out can create more elevated production costs.

In this study, the multi-regional multi-sectoral CGE model by Khabbazan and von Hirschhausen (2021)5 is

used and the option that two international emission permit markets can be formed simultaneously is added. Us-

ing the GTAP10 Power data set (Aguiar et al. (2019); Chepeliev (2020)), the EU region is further disaggregated

into nine regions. The regional disaggregation of the EU is similar to that of Winkler et al. (2021), except that

Ireland is disaggregated from Great Britain�since 2021, the UK is not part of the EU ETS anymore. Then, after

forward-calibration of the model based on International Energy Outlook (IEO) (EIA, 2017) and World Energy

Outlook (WEO) (IEA, 2018) projections until 2030, marginal abatement cost curves (MACCs) are derived. In

addition to the REF scenario in which no region collaborates, three policy scenarios are simulated:

EU_EITE where an ETS covers the emission-intensive sectors and electricity (EITE), mimicking the current

EU ETS sectors, is formed.

EU_MIX where, in addition to an ETS covering EITE, another ETS covers NEIT sectors (i.e., all sectors

rather than EITE).

EU_Full where one ETS covers all sectors.

Each policy scenario is run for four emission reduction targets, i.e., NDC, conditional NDC (NDC+), NDC to

meet the 2-degree global average temperature target (NDC-2C), and NDC to meet the 1.5-degree global average

temperature target (NDC-1.5C).

Therefore, there are four main research questions:

4https://ec.europa.eu/clima/policies/strategies/2030_en
5The underlying CGE model that Khabbazan and von Hirschhausen (2021) is based upon has also been used for the model

intercomparison studies in Böhringer et al. (2021) and Ak�n-Olçum et al. (2021).
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1. What are the cost-e�ectiveness and welfare impacts of current the EU ETS, i.e., moving from the REF

scenario to EU_EITE?

2. What does the EU region gain in e�ectiveness terms from involving in further regional �exibility, i.e.,

moving from EU_EITE to EU_MIX, and what are the distributional implications?

3. How will a fully �exible EU ETS regime impact e�ectiveness and welfare in the EU regions, i.e., moving

to EU_Full?

4. How will the impacts evolve under di�erent baselines and ambition levels?

Previous articles have studied linking regional allowance trading systems (Anger (2008); Carbone et al. (2009);

Flachsland et al., 2009; Mehling et al. (2018); Doda et al. (2019); Holtsmark and Weitzman (2020); Faehn

and Yonezawa (2021)). Economic theories suggest that the abatement cost for the coalition as a whole �unam-

biguously declines as more �exibility is introduced� (Faehn and Yonezawa, 2021). In this regard, the overall

reduction in the abatement cost is not necessarily associated with an overall increase in total welfare. Likewise,

a Pareto improvement is not necessarily reached�some members of the coalition might lose (Carbone et al.

(2009); Doda et al. (2019)). This paper's results suggest that moving from the EU_EITE scenario to the

EU_MIX scenario can decrease the abatement cost for the EU and bring about a signi�cant welfare gain as a

whole. In addition, the results suggest that moving from the EU_MIX to the EU_Full scenario may decrease

the overall welfare. The underlying reason is the loss of international competitiveness. In this regard, moving

from the EU_MIX to the EU_Full can signi�cantly increase welfare in other model regions, including Russia

and the Middle East.

This paper proceeds as follows: the following section describes the framework for this paper in detail. Section

3 presents and interprets the modeling results. Section 4 comprises a discussion, and Section 5 concludes the

paper.

2 Framework

This section explains the theoretical and numerical framework in this paper. It details the model and data,

regional and sectoral aggregation, calibration of baselines, procedure to generate marginal abatement costs

curves (MACCs), and policy scenarios (cooperation options).

2.1 Model and data

This paper's analysis is performed with the standard multi-regional, multi-sectoral, static computable-general

equilibrium CGE-MOD (Khabbazan and von Hirschhausen, 2021). CGE-MOD is a global trade and energy

model with four power generation technologies (renewables, nuclear, fossil, and others). The core code is based

on the GTAPinGAMS model type by Lanz and Rutherford (2016), and it is extended based on the model

developed by Böhringer and Rutherford (2010) to incorporate carbon pricing and ETS. Figure 1 and Figure 2
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show the nesting structure for non-fossil fuel production and fossil fuel production, respectively. The fossil-fuel

production (extractions) technology includes a speci�c immobile factor to calibrate local supply responses and

natural resources income. The international commodity markets are competitive, where imports are represented

following the Armington approach (Armington, 1969). In addition, constant-elasticity-of-transformation (CET)

functions are applied to determine imperfect substitutions between exports and supplies of domestic goods.

The reference data (quantities, prices, and exogenous elasticities) speci�es the free parameters of the model's

functional forms. In this paper, the reference data is based on the GTAP 10 Power database with detailed

accounts of regional production, consumption, bilateral trade �ows, energy uses, and CO2 emissions for the year

2014 (Aguiar et al. (2019); Chepeliev (2020)). Main elasticity values, such as elasticities between energy inputs

and non-energy inputs, elasticities between production factors (labor, capital, and resources), the elasticities in

international trade (so-called Armington elasticities), and the supply elasticities of fossil fuels (coal, gas, and

oil), are presented in Table 1.6 All simulations have been performed in General Algebraic Modeling System

(GAMS) software (Brooke et al., 1996) and are solved by employing the solver PATH (Dirkse and Ferris, 1995).

6CGE models are generally sensitive to critical assumptions such as the elasticity levels in the nesting structure. Therefore, it
is crucial to see how key results are sensitive to the current assumptions. (Khabbazan and von Hirschhausen, 2021) tested the
sensitivity of their results to Armington elasticities and elasticity of substitution in electricity composite, and they showed that
the welfare results are not signi�cantly a�ected under all sensitivity analyses scenarios. As the same model is applied here, the
sensitivity analysis is skipped for the sake of brevity.
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Figure 1: Nesting structure in non-fossil fuel production (Khabbazan and von Hirschhausen, 2021).
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Fossil Fuel Output
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Figure 2: Nesting structure in fossil fuel production (Khabbazan and von Hirschhausen, 2021).

Item Value
Elasticity of supply of fossil fuels Beckman et al. (2011)
Elasticity of substitution on top of technology nest in fossil production (σs

fos,r) Beckman et al. (2011)
Armington elasticities for gas and oil Böhringer and Rutherford (2010)*

CET elasticities for gas and oil Böhringer and Rutherford (2010)*

Other CET and Armington elasticities GTAP*; Lanz and Rutherford (2016)*

Elasticity of substitution between factors (σKL
g,r ) Okagawa and Ban (2008)

Elasticity of substitution between composite factors and energy (σKLE
g,r ) Okagawa and Ban (2008)

Elasticity of substitution between power technologies (σele
g,r ) Khabbazan and von Hirschhausen (2021)*

Elasticity of substitution between non electricity energy (σnele
g,r ) Böhringer and Rutherford (2010)

Elasticity of substitution between non electricity and electricity (σe
g,r) Böhringer and Rutherford (2010)

Elasticity of substitution between intermediate inputs (σM
g,r) Okagawa and Ban (2008)

Elasticity of substitution between KLE and intermediate inputs (σKLEM
g,r ) Okagawa and Ban (2008)

*Elasticities that are 50% increased in 2030 compared to their values in the benchmark.

Table 1: Main elasticity values.
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2.2 Regions and sectors

For the sake of result tractability and numerical e�ciency, the regional disaggregation of the EU in this paper is

built on those used in Winkler et al. (2021) (see Table 2), except that Ireland is disaggregated from Great Britain

and is aggregated with Iceland and Liechtenstein, collectively forming ILI. Therefore, the EU is disaggregated

into nine regions: Germany; France; BLX (including Belgium, Luxembourg, and the Netherlands); EEU (east

European countries); ILI (including Ireland, Iceland, and Liechtenstein); SCA (Scandinavian countries); SEU

(south European countries); GBR (Great Britain); REU (the rest of EU which do not participate in the current

EU ETS). Hence, there are 22 model regions. The remaining 13 regions align with the EMF36 harmonization

(Böhringer et al., 2021). The current EU ETS omits GBR and REU, and hence, in this paper, only the results

for seven European regions are reported. These regions are marked bold in Table 2. Hereafter, EUR refers to

Europe, as a whole, excluding GBR and REU.

The sectoral disaggregations align with the EMF36 harmonization (Böhringer et al., 2021), except that

aviation transportation (ATP) is disaggregated from the other transportation means (TRN). Therefore, there

are 18 sectors in the model, including three �nal demands (representative agent, government, and investment)

(see Table 2). Following Khabbazan and von Hirschhausen (2021), the electricity sector is disaggregated into

four di�erent technologies: renewables (comprising hydro, solar, and wind technologies), nuclear, fossil, and

others (including geothermal and bio-fuel technologies). The remaining sectors also align with the EMF36

harmonization (Böhringer et al., 2021), except that aviation is disaggregated from the other transporation

means. Therefore, there are six production sectors (agriculture, aviation, energy-intensive trade-exposed goods,

other transports, other manufacturing, and services) and four energy sectors (crude oil, re�ned oil products,

coal, gas). In Table 2, the sectors currently covered by EU ETS (EITE) are marked with a superscripted

asterisk. The rest of the sectors are NEIT sectors.

As a comparison of the selected regions in the benchmark, Table 3 shows CO2 emission (MtCO2), GDP

(B$), emission intensity (MtCO2/B$), and percentage of emission by EITE and NEIT sectors in 2014 using the

GTAP 10 Power database (Aguiar et al. (2019); Chepeliev (2020)). The last two rows in Table 3 also present

these indicators for EUR and global (that is, all regions). EUR emits about 2948 MtCO2, nearly 9,8% of the

global emission (29815 MtCO2). The emission intensity in EUR (0,18 MtCO2/B$) is signi�cantly lower than the

global average emission intensity (0,38 MtCO2/B$)�EUR's GDP comprises about 20,5% of the global GDP.

SEU has the highest CO2 emission (830 MtCO2), constituting more than one-fourth of the total emission by

EUR. In order, Germany (678 MtCO2) and EEU (584 MtCO2) have the second and third highest emission in

EUR. EEU's emission intensity (0,41 MtCO2/B$) is notably higher than the EUR average by a factor of 2,2.

While SEU and Germany have emission intensity similar to the EUR average, SEU and Germany, in order, have

the highest GDP among EUR. After ILI with the lowest emission (48,4 MtCO2), the three lowest amounts of

emission belong to SCA (206 MtCO2), BLX (283 MtCO2), and France (318 MtCO2). France (0,11 MtCO2/B$)

and SCA (0,12 MtCO2/B$) have the two lowest emission intensities among the selected regions.

As shown in Table 3, the EU regions vary in the percentage of emission by sector. The EUR percentage of
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emission by the EITE and NEIT sectors are 46,5% and 53,5% in the benchmark, in order. The EITE sectors'

emission in France (28,2%) is signi�cantly lower than the rest. EEU and Germany are the only regions whose

emission by the EITE sectors dominates the emission by the NEIT sectors in the benchmark. In addition, it is

notable that the global percentage of emission by the EITE sector is about 59%�signi�cantly higher than that

of the EUR.

Countries and Regions Sectors and Commodities
European Regions Non-Electric Energy

DEU (Germany) COL (Coal)

FRA (France) CRU (Crude oil)

BLX (Belgium, Luxembourg, the Netherlands) GAS (Natural gas)

EEU (Bulgaria, Croatia, Czech Republic, Hungary, OIL (Petroleum and re�ned oil products)

Poland, Romania, Slovakia, Slovenia, the Baltic States) Electric Energy

ILI (Ireland, Iceland, Liechtenstein) EFF* (Fossil-fuel-based electricity)

SCA (Denmark, Finland, Norway, Sweden) ENB* (Nuclear-based electricity)

SEU (Austria, Cyprus, Greece, Italy, Malta, Portugal, Spain) ERN* (Renewable-based electricity including hydro, solar,

GBR (United Kingdom) and wind)

REU (Rest of Europe (non-ETS): Switzerland, EOT* (Other electricity including geothermal and biofuels)

Albania, Belarus, Ukraine, Serbia, Rest of EFTA) TND* (Transmission and distribution of electricity)

Other regions Non-Energy

CHN (China) AGR (Agriculture)

JPN (Japan) ATP* (Aviation)

KOR (South Korea) EIT* (Energy-intensive trade-exposed)

AFR (Africa) MFR (Other manufacturing)

ANZ (Australia and New Zealand) SER (Services)

BRA (Brazil) TRN (Other transports)

CAN (Canada) Final Demand

IND (India) RA (Representative agent; household)

MEA (the Middle East) GOV (Government)

OAM (Other Americas) INV (Investment)

OAS (Other Asia)

RUS (Russia)

USA (the United States)

*Sectors included in EITE in this paper.

Table 2: Model regions and sectors.

Region
Emission GDP Emission Intensity Emission (%)

MtCO2 B$ MtCO2/B$ EITE NEIT
DEU 678,2 3864,2 0,18 59,3 40,7
FRA 318,2 2843,2 0,11 28,2 71,8
BLX 283,0 1472,9 0,19 44,7 55,3
EEU 584,4 1464,4 0,40 54,6 45,4
ILI 48,4 273,4 0,18 49,8 50,2
SCA 205,7 1697,6 0,12 34,2 65,8
SEU 830,2 4455,4 0,19 41,0 59,0
EUR 2948,0 16071,1 0,18 46,5 53,5
Global 29815,2 78198,3 0,38 59,0 41,0

Table 3: CO2 emission, GDP, Emission intensity, and percentage of emission by EITE and NEIT sectors for
the selected model regions in the benchmark in 2014.
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2.3 Baselines and NDCs

In this paper, the results are measured as the deviation from the baseline. Hence choosing a proper baseline is

critical. In line with the EMF36 harmonization, two baseline scenarios are (forward-) calibrated by exploiting

projected CO2 emissions and GDP data from International Energy Outlook (IEO) projections (EIA, 2017) and

World Energy Outlook (WEO) projections (IEA, 2018). Figure 3 shows the CO2 and GDP projected changes

from 2014 to 2030 for the selected regions' baselines. The di�erences in CO2 emissions projections between the

IEO and WEO baselines are signi�cant. Except for SCA, all EU regions have lower CO2 scales in the WEO

baseline than in the IEO baseline. Besides, there are noticeable di�erences in the GDP scales between the IEO

and WEO baselines. Except for EEU, all EU regions have higher GDP scales in the WEO baseline than in the

IEO baseline. These di�erences also determine the di�erences in baseline carbon prices and the composition of

emissions by sectors in 2030.

For calibration, a similar approach to Khabbazan and von Hirschhausen (2021) is applied with one modi�-

cation. Khabbazan and von Hirschhausen (2021) adjust regional endowment growth and consider a regionally-

unique energy e�ciency increase together with a regionally-unique CO2 tax (or subsidy) rate that can be

imposed on the use of CO2 emitting intermediate inputs if needed. In this paper, total factor productivity and

labor productivity can also be adjusted to forward-calibrate the model. In this regard, a growth cap of equal to

one percent per year is imposed on energy e�ciency, total factor productivity, and labor productivity. Following

the EMF36 Core procedure and Khabbazan and von Hirschhausen (2021), for calibration, the total emission

in each region is targeted, not emissions from speci�c fuels. Then, for the MACs and policy counterfactuals in

2030, the endowment growth factors, energy e�ciencies, total factor productivities, labor productivities, and

fossil-fuel tax rates (if any) are kept constant in their 2030 levels.7

For calculating emission reduction targets, the method by EMF36 Core procedure (Böhringer et al., 2021) is

exploited to calculate four emission reduction targets, i.e., NDC, conditional NDC (NDC+), NDC to meet 2 °C

global average temperature target (NDC-2C), and NDC to meet 1.5 °C global average temperature target (NDC-

1.5C).8 This paper updates the NDC and NDC+ ambition levels to cover the post-2020 promises. Therefore,

this paper's NDCs for regions such as the EU and the USA increase against the NDCs calculated by EMF36 Core

procedure (Böhringer et al., 2021). In this paper, the degree NDCs (NDC-2C and NDC-1.5C) are comparable

to meet the 2-degree and 1.5-degree global average temperature targets. Nevertheless, as the carbon budget to

meet the degree targets are �xed, the degree NDCs in regions that have not increased their NDC and NDC+

promises are lower than those calculated by EMF36 Core procedure (Böhringer et al., 2021).

Table 4 presents the NDCs as percentage reductions in baseline emissions in 2030 for the EU regions in

the IEO and WEO baselines. The NDC targets for aggregated regions are weighted averages over the included

regions where the weights are the CO2 emissions. Concerning the ambition levels in the selected regions, in

7For a detailed discussion on alternative approaches to long-term baseline construction, see Faehn et al., 2020 and Foure et al.,
2020.

8See Böhringer et al. (2021) for details on derivation of NDCs.
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lower ambition levels (NDC and NDC+), only the targets for SCA and ILI in the WEO baseline are slightly

higher than those in the IEO baseline, and the NDCs for other regions are markedly higher in the IEO baseline

than in the WEO baseline. However, in higher ambition levels (NDC-2C and NDC-1.5C), the NDCs for all

regions are higher under the WEO baseline than those under the IEO baseline, most notably for SCA and ILI.9
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Figure 3: CO2 scales and GDP scales for the IEO and WEO baselines in 2014-2030 (used for calibration).

Regions
NDC NDC+ NDC-2C NDC-1.5C

IEO WEO IEO WEO IEO WEO IEO WEO
DEU 37,76 32,96 39,74 35,21 40,39 41,40 54,73 55,50
FRA 35,71 30,54 37,81 32,93 38,48 39,33 53,28 53,93
BLX 41,96 38,17 43,70 40,12 44,30 45,84 57,70 58,87
EEU 30,56 26,74 32,53 28,91 33,26 35,70 49,32 51,17
ILI 49,29 49,50 50,76 51,02 51,29 55,70 63,01 66,36
SCA 37,65 39,75 40,74 42,80 41,37 48,26 55,48 60,71
SEU 38,26 33,03 40,21 35,28 40,86 41,46 55,09 55,54

Table 4: NDCs for the EU regions for the IEO and WEO baselines (expressed in percentage reduction against
the baseline in 2030).

9One must note that the NDCs for the regions that ate not reported are also important because the results for the EU may be
a�ected through the international trade e�ects.
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2.4 Marginal Abatement Cost Curves (MACCs)

MACCs are simulated in 2030 for speci�c sectoral �exibility in speci�c regions. In order to derive a MACC, the

carbon price in the target sectors (EITE, NEIT, or All) in the target regions (seven EU regions plus the EUR as

a whole) increase from 0 to 300 $/tCO2 (in 10 $/tCO2 intervals) when there is no climate policy implemented

in other regions�the carbon prices in other regions are 0 $/tCO2, and emission leakages are allowed. Because

the markets are competitive and all actors in speci�c regions face a common uniform CO2 price, such a price

equals the social marginal cost of abatement (Khabbazan and von Hirschhausen, 2021). Note that deriving

the MACCs is computationally very expensive. Under the above-mentioned assumptions, 1440 model runs are

needed to derive the MACCs: 30 (carbon prices) * 2 (baselines) * 3 (sectoral �exibility�EITE, NEIT, and All)

* 8 (regional �exibility�seven EU regions plus the EUR as a whole).

2.5 Policy Scenarios

Policy scenarios are performed in CO2 emissions reductions in 2030 relative to the CO2 emissions in baselines

when four ambition levels are examined NDC, NDC+, NDC-2C, and NDC-1.5C (see Table 4). The starting

point of scenarios is based on the EMF36 core REF scenario where each region achieves a given emission

reduction target by a uniform national carbon price without international ETS linking (Böhringer et al., 2021).

One important note is in place regarding the REF scenario in EMF36. In EMF36 harmonization, the EU is

modeled or reported as an aggregate region, and hence EU ETS, where there is only one ETS covering the EITE

sectors, under EMF36 core REF is immaterial. In other words, while the REF scenario assumes an already-

implemented ETS linking between the EU regions, such a scenario could not di�erentiate between a full ETS

(that is, ETS over all sectors in the EU) and a partial ETS (that is, ETS over only the EITE sectors). Thus,

using a more disaggregated-EU model, starting from a REF scenario in which no model region is cooperating,

as implemented in this paper, can provide more insights. Note that the currently operating EU ETS does not

include the GBR and REU regions. Therefore, ETS linking over the EU regions excludes the GBR and REU

in this paper.

Table 5 shows the policy scenarios regardless of the baseline scenarios and the ambition levels. Three

scenarios are modeled after calculating the REF scenario: i) EU_EITE, where an ETS covering EITE is

formed. ii) EU_MIX, where, in addition to an ETS covering EITE, another ETS linking NEIT is formed.

Moreover, iii) EU_Full, where only one ETS covering all sectors is formed.

While the policy scenarios primarily demonstrate the underlying reasons for the associated results, they

may not visibly single out the international trade e�ects usually involved in a multi-regional model. Therefore,

two di�erent scenarios can signi�cantly help with identifying the e�ect of international trade in the associated

results with the policy scenarios: i) No_ROW, where only the EU regions implement a policy scenario without

linking of ETS (similar to REF but only in the EU regions), and ii) No_EUR, where, only the regions other
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than the EU regions implement a policy scenario without linking of ETS (similar to REF but only in the regions

other than the EU regions). These scenarios are listed in Table 6. Note that besides the baseline calibration,

48 policy scenarios are simulated: 6 (coalitions and extra scenarios) * 2 (baselines) * 4 (ambition levels).

Name of coalitions Regions/Sectors in the 1st Market Regions/Sectors in the 2nd Market
REF -/- -/-
Policy Scenarios

EU_EITE EU regions/EITE -/-
EU_MIX EU regions/EITE EU regions/NITE
EU_Full EU regions/ALL -/-

Table 5: Policy scenarios.

Name of scenario Regions Implementing Policy Regions Not Implementing Policy
No_ROW EU regions Rest of the world
No_EUR Rest of the world EU regions

Table 6: Extra scenarios.

3 Results

In this section, the baseline results are �rst presented for the selected model regions. Then the MAACs on

EITE, NEIT, and All sectors for the selected model regions and EUR are presented. After that, the policy

options using the IEO baseline are presented. Next, the extra scenarios using the IEO baseline follows. Finally,

the results of policy scenarios using the WEO baseline are compared with those of the IEO baseline.

3.1 Baseline

Table 7 presents the welfare (measured as a composite of representative agent's consumption) and the EITE and

NEIT shares of emission in the baseline in 2030 for the selected model regions after the calibration (see Section

2.3 for details on the calibration procedure). Note that the real growth rate of investment and government

spendings are equal to the real growth rate of private consumption during the calibration. Hence, the private

consumption approximately grows with the same GDP scales presented in Figure 3. The shares of emissions

show that the emission in all regions has slightly shifted towards the NEIT sectors�the NEIT sectors emit

slightly higher than 57% of emission in the EU region under both baselines. This information later will become

helpful as it implies that a common carbon price in a policy scenario may lie toward the carbon price in which

regions or sectors. The EITE shares of emission are still the highest in DEU and EEU. The NEIT shares of

emission in France is the highest compared to the rest. Except for SEU, the EITE shares are sightly higher

under the IEO baseline than those under the WEO baseline.

13



IEO WEO

Region Welfare
Emission (%)

Welfare
Emission (%)

EITE NEIT EITE NEIT

DEU 2734,6 55,8 44,2 2879,7 52,2 47,8
FRA 1990,6 29,8 70,2 2069,8 24,4 75,6
BLX 953,8 39,7 60,3 988,1 39,4 60,6
EEU 1177,8 51,4 48,6 1199,8 48,9 51,1
ILI 192,5 39,2 60,8 213,3 34,8 65,2
SCA 1037,7 36,2 63,8 1134,4 36,2 63,8
SEU 3517,1 33,3 66,7 3634,0 39,1 60,9
EUR 11604,2 42,6 57,4 12119,1 42,2 57,8

Table 7: Welfare and shares of emission in the EITE and NEIT sectors in total emission for the EU for di�erent
baselines in 2030.

3.2 Marginal Abatement Cost Curves

Marginal abatement cost curves (MACCs) are highly informative, speci�cally when studying the e�ects of carbon

pricing and ETS linking. From a regional perspective, MACCs depend on several circumstances, including, but

not limited to, domestic potentials for emission reduction and the opportunities of abatement by importing

commodities with lower emissions. Figure 4 shows the MACCs in percentage change in the selected EU regions

in 2030 for EITE, NEIT, and all sectors (All), under the IEO and WEO baselines. Figure 5 shows the MACCs in

percentage change in EUR in 2030 for EITE, NEIT, and All sectors under the IEO and WEO baselines. As the

Paris targets (NDCs) in this study are presented in percentage reductions in emissions, MACCs in percentage

change can determine the approximate value of carbon price required for ful�lling the NDCs.

The EU regions vary in their MACCs. For EITE MACCs, EEU and Germany, in order, have the cheapest

MACCs under both baselines. For a carbon price of 150 $/tCO2, EEU and Germany can reduce their EITE

emission by more than 82% and 72% under the IEO baseline. France, BLX, and SCA have the most expensive

MACCs for EITE under both baselines. For a carbon price of 100 $/tCO2, France, BLX, and SCA respectively

can reduce their emission in the EITE sectors by about 37%, 40%, and 43% under the IEO baseline. Generally,

comparing EITE MACCs in the IEO with those in the WEO, the MACCs under the WEO baseline are slightly

more expensive than the MACCs under the IEO baseline.

Several insights emerge concerning the NEIT MACCs and All MACCs: i) The NEIT MACCs are signi�cantly

more expensive than EITE MACCs for all the selected model regions. ii) The di�erences in the NEIT MACCs

along the EU regions are not as signi�cant as in the EITE MACCs. iii) EEU has the lowest NEIT MACCs.

iv) MACCs for All sectors fall in between EITE MACCs and NEIT MACCs for all the selected model regions.

Furthermore, v) NEIT and All MACCs under the WEO baseline are slightly more expensive than the MACCs

under the IEO baseline.

Nevertheless, while the MACCs may suggest which region may act as an emission permit supplier or de-

mander in a theoretical cooperation scenario, three remarks are necessary:

1. The position of a speci�c region in the emission permit market depends not only on the regions' relative
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MACCs but also on the regions' ambition levels (NDCs). Therefore, one region having a cheaper MACC

does not guarantee to enter the emission permit market as a supplier of emission permits.

2. This analysis is solely based on the technologies available in the GTAP 10 Power data set, and, for example,

there is no renewable backstop technology that could potentially reduce the MACCs.

3. The MACCs are derived in the absence of climate policy in other regions.

Therefore, the following section investigates the policy options and cooperation scenarios in more detail.
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Figure 4: EITE, NEIT, and ALL MACCs in percentage change for di�erent European regions in 2030 under
the IEO and WEO baselines.
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Figure 5: EITE, NEIT, and All MACCs in percentage change in EUR in 2030 under the IEO and WEO
baselines.

3.3 Policy Scenarios under the IEO baseline

This section implements policy scenarios in CO2 emissions reductions in 2030 relative to the baseline CO2

emissions when parallel emission trading markets can be formed in the EU (see Table 5 in Section 2.5). Here,

changes in several macroeconomic variables for the selected model regions and EUR are reported. For the sake

of brevity, here only the results using the IEO baseline for the ambition levels NDC and NDC-1.5C as the

lowest and highest targets are presented. The results for selected variables in NDC+ and NDC-2C using the

IEO baseline are reported in Appendix A. The results for selected variables under the WEO baseline and the

results for the extra scenarios are presented in the following subsections.

Table 8 shows the CO2 prices for the EITE and NEIT sectors, and Figure 6 and Figure 7 present, respectively,

the corresponding percentage changes in CO2 emission and CO2 revenues in EITE, NEIT, and All sectors. Note

that the CO2 revenues consist of the CO2 revenues from the internal emission permit market plus the net CO2

revenues from entering the emission trading markets. The results for import quantity and import price of fuels

are reported in Table 9 and Table 10. In addition, Figure 8 and Figure 9, respectively, present ToT (Terms-

of-Trade in Laspeyres index) and the percentage change in the welfare (measured as equivalent variation (EV)

by calculating a composite of representative agent's consumption) in the selected model regions. EUR shows

the aggregated macro indicator or weighted average result for the EU regions in all results. In Figure 7, the

results are measured against the REF scenario, whereas in other �gures, the results show the changes against

the baseline.

In the REF scenario, the regions are restricted to their NDCs (see Table 4 for NDCs), and the carbon

prices demonstrate the availability of domestic abatement capacity and the astringency of the ambition level.

Nonetheless, the REF scenario's carbon prices may not precisely match the carbon prices on the MACCs (see
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Section 2.4) as here the ToT e�ects and climate policy in all regions are taken into account.10 The common

carbon price will be placed between the highest and the lowest carbon prices in the regions participating in a

coalition. Note that the welfare in a participating region is generally a�ected via: i) Increasing (decreasing)

in its carbon emission, ii) paying (receiving) for emission permits, and iii) changing its international trade

competitiveness.

It is worthwhile �rst to analyze the results under the REF scenario. EEU has the lowest carbon price of

about 52,9 $/tCO2 in NDC and about 200,5 $/tCO2 in NDC-1.5C due to its low MACCs. After EEU, Germany

and SEU, in order, have the lowest carbon price of about 108,9 $/tCO2 and 313,5 $/tCO2 in NDC and carbon

price of about 458,2 $/tCO2 and 837,7 $/tCO2 in NDC-1.5C. France, BLX, ILI, and SCA have signi�cantly

higher carbon prices than EEU, Germany, and SEU. The carbon price in France, BLX, ILI, and SCA may go

beyond 1000 $/tCO2 in NDC-1.5C.

Concerning the results under the REF scenario, several insights emerge: i) Due to the cheaper MACCs in

EITE than the MACCs in NEIT, a higher portion of the mitigation is achieved via decreasing the emission in

EITE than in NEIT in all model regions and under all ambition levels. ii) In all regions and under all ambition

levels, the import of coal signi�cantly reduces�the import of oil experiences the lowest reduction in the EU as

a whole. Under the NDC, the import of oil by EEU even slightly increases. iii) ToT in all EU regions improve.

The ToT improvements are more signi�cant for France, BLX, SCA, and SEU.

Several insights emerge concerning the EU_EITE scenario: i) The common carbon prices under all ambition

levels and baselines are only higher than EEU's and Germany's carbon prices in the REF. Thus, these regions

emerge as the suppliers of emission permits. The rest of the regions are the demanders of emission permits.

ii) While the import of fuels by most EU regions increases, the fuel imports decrease in EEU and Germany.

Nevertheless, this phenomenon is more visible under the low ambition scenarios. iii) While the ToT in EEU

and Germany improves, the ToT in the rest of the EU regions degrade. iv) Forming an emission permit market

covering EITE does not signi�cantly in�uence regional carbon prices in the NEIT sector and only marginally

increases them, except for Germany. v) Except for Germany under the NDC and Germany and EEU under

the NDC-1.5C, all the EU regions experience a signi�cant welfare increase, and the welfare in EUR accordingly

improves.

In addition, concerning the EU_MIX scenario, several insights emerge: i) The common carbon price in the

emission permit market covering NEIT is signi�cantly higher than the common carbon price in the emission

permit market covering EITE. This phenomenon is also in�uenced by the higher share of emission in total NEIT

from regions with relatively higher carbon prices, such as SEU, which is evident through the aggregate NEIT

carbon price in the EUR under the REF scenario (see Table 8 for details). ii) The formation of the emission

permit market covering NEIT does not markedly in�uence the emission permit market covering EITE, which

is evident through insigni�cant changes in the common carbon prices in the ETS covering EITE sectors in all

ambition levels. iii) EEU and Germany enter the emission permit market covering NEIT as signi�cant emission

10Along with cooperation scenarios, by de�nition, the CO2 emissions in regions that do not participate in coalitions do not alter
and only change along NDCs. Nevertheless, the carbon prices in regions that do not participate in coalitions can be a�ected along
with the cooperation scenarios, re�ecting the ToT e�ect.
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suppliers permits. Consequently, the overall CO2 revenues in EEU and Germany rise signi�cantly. The NEIT

export reduction in these regions is compensated by the rise in ToT due to the signi�cant decrease in fossil

fuel imports. Hence, the wefale in these regions considerably increase. EEU's welfare exceptionally improves

beyond its baseline level. iv) Under all ambition levels, France, BLX, ILI, SCA, and SEU demand emission

permits covering NEIT, increasing their total emission. However, as the import of fuels signi�cantly increases

in these regions, their ToT notably decreases. Nevertheless, only under the NDC-1.5C the e�ects of emission

rise in France and BLX are dominated by the payment and trade e�ects, and their welfares fall below their

REF values. v) The aggregate import of coal in EUR reduces, whereas the aggregate imports of oil and natural

gas increase. The welfare gains in EEU and Germany outweigh the losses in other regions, and the aggregate

welfare in EUR improves.

Finally, concerning the EU_Full scenario, several insights emerge: i) In all regions, compared to the

EU_MIX scenario, mitigation and CO2 revenues in the EITE sectors increase, while mitigation and CO2

revenues in the NEIT sectors decrease. Nevertheless, this phenomenon is more pronounced for low than high

ambition levels. ii) Total (All) emission for all the EU regions do not change signi�cantly. iii) The overall CO2

revenues (abatement cost) in all regions and EUR decrease. v) Under the NDC, due to a further reduction in

coal production, the EU regions become more dependent on imported oil. Under the NDC-1.5C, the compo-

sition of fossil fuel imports does not alter. Nevertheless, ToT in the EU regions does not signi�cantly change.

vi) All the EU regions under the low ambition levels experience a remarkable welfare loss. Nevertheless, such

a welfare reduction is less signi�cant under the high ambition levels. vii) In EEU, the welfare under EU_Full

is still signi�cantly higher than that under the REF scenario. Besides, viii) while EUR under the EU_Full

scenario has signi�cantly higher welfare than the REF scenario, the aggregate welfare is slightly lower than that

under the EU_EITE. However, the EUR welfare is greater than the EU_EITE under the high ambition levels

but still slightly lower than the EU_MIX scenario.
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NDC

Regions
REF EU_EITE EU_MIX EU_Full

EITE NEIT EITE NEIT EITE NEIT EITE NEIT
DEU 108,9 108,9 155,7 108,1 157,4 237,3 196,6 196,6
FRA 404,3 404,3 155,7 409,1 157,4 237,3 196,6 196,6
BLX 437,0 437,0 155,7 441,9 157,4 237,3 196,6 196,6
EEU 52,9 52,9 155,7 56,5 157,4 237,3 196,6 196,6
ILI 473,2 473,2 155,7 480,7 157,4 237,3 196,6 196,6
SCA 394,5 394,5 155,7 398,4 157,4 237,3 196,6 196,6
SEU 313,5 313,5 155,7 318,0 157,4 237,3 196,6 196,6
EUR 202,2 251,9 155,7 255,3 157,4 237,3 196,6 196,6

NDC-1.5C

Regions
REF EU_EITE EU_MIX EU_Full

EITE NEIT EITE NEIT EITE NEIT EITE NEIT
DEU 458,2 458,2 639,1 455,6 643,5 667,0 659,1 659,1
FRA 1033,6 1033,6 639,1 1040,7 643,5 667,0 659,1 659,1
BLX 1080,9 1080,9 639,1 1088,6 643,5 667,0 659,1 659,1
EEU 200,5 200,5 639,1 201,0 643,5 667,0 659,1 659,1
ILI 1017,2 1017,2 639,1 1024,9 643,5 667,0 659,1 659,1
SCA 1095,3 1095,3 639,1 1101,9 643,5 667,0 659,1 659,1
SEU 837,7 837,7 639,1 842,8 643,5 667,0 659,1 659,1
EUR 632,2 685,8 639,1 688,9 643,5 667,0 659,1 659,1

Table 8: CO2 Price ($/tCO2) in the EITE and NEIT for di�erent policy scenarios and NDCs using the IEO
baseline.
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Figure 6: Percentage change in CO2 emission in EITE, NEIT, and ALL sectors for di�erent policy scenarios
and NDCs using the IEO baseline.
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Figure 7: Percentage change in CO2 revenues in EITE, NEIT, and ALL sectors with regard to CO2 revenues
in the REF scenario for di�erent policy scenarios and NDCs using the IEO baseline.
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REF EU_EITE

Regions
Coal Oil Nat. Gas Coal Oil Nat. Gas

M PM M PM M PM M PM M PM M PM

DEU -40,7 -10,5 -1,4 -4,1 -28,6 -4,5 -43,4 -10,5 -4,5 -3,9 -31,6 -4,1

FRA -56,5 -8,6 -27,6 -3,9 -42,3 -5,5 -45,6 -8,4 -20,4 -3,8 -35,1 -5,2

BLX -68,2 -9,6 -26,8 -4,0 -64,2 -5,2 -59,1 -9,3 -23,1 -3,9 -52,4 -4,9

EEU -62,1 -12,0 0,3 -4,0 -7,7 -5,9 -82,6 -11,9 -4,5 -3,8 -21,8 -5,7

ILI -86,6 -11,8 -36,3 -4,0 -71,2 5,1 -75,9 -11,4 -26,3 -3,8 -62,6 5,3

SCA -79,0 -9,9 -24,1 -4,1 -48,5 -5,8 -69,4 -9,8 -19,0 -3,9 -33,9 -5,6

SEU -84,3 -10,2 -28,5 -3,9 -42,7 -5,9 -79,3 -10,0 -24,4 -3,8 -36,7 -5,7

EUR -62,0 -10,2 -19,1 -4,0 -37,5 -5,4 -60,3 -9,9 -17,0 -3,8 -35,3 -5,1

EU_MIX EU_Full

Regions
Coal Oil Nat. Gas Coal Oil Nat. Gas

M PM M PM M PM M PM M PM M PM

DEU -49,4 -10,2 -12,0 -4,1 -38,9 -5,2 -48,9 -10,3 -11,6 -4,0 -38,1 -5,5

FRA -40,3 -8,4 -13,0 -3,8 -28,1 -5,6 -41,9 -8,5 -12,7 -3,7 -27,6 -5,7

BLX -54,9 -9,3 -13,3 -3,9 -47,4 -5,3 -57,1 -9,3 -12,5 -3,9 -48,6 -5,4

EEU -85,8 -11,5 -20,2 -4,0 -22,1 -5,8 -86,8 -11,6 -18,5 -4,0 -23,8 -5,9

ILI -74,9 -11,2 -12,0 -3,8 -57,1 5,3 -77,5 -11,3 -11,1 -3,8 -58,2 5,3

SCA -67,5 -9,7 -10,5 -4,0 -36,9 -5,8 -70,2 -9,8 -9,5 -4,0 -41,4 -5,8

SEU -78,4 -9,8 -20,0 -3,8 -33,6 -5,7 -80,0 -9,9 -18,9 -3,8 -33,9 -5,8

EUR -61,0 -9,7 -15,8 -3,9 -34,3 -5,5 -62,0 -9,8 -14,9 -3,9 -34,6 -5,6

Table 9: Import quantity (M) and import price (PM) of di�erent fuels for di�erent policy scenarios under the
NDC target using the IEO baseline.

REF EU_EITE

Regions
Coal Oil Nat. Gas Coal Oil Nat. Gas

M PM M PM M PM M PM M PM M PM

DEU -55,3 -16,0 -18,0 -8,0 -50,3 -6,6 -57,6 -16,2 -22,2 -8,0 -53,1 -6,4

FRA -70,1 -15,2 -44,6 -7,7 -60,4 -10,6 -67,0 -15,2 -40,4 -7,6 -57,0 -10,5

BLX -78,8 -16,3 -48,3 -7,8 -78,3 -10,7 -77,3 -16,3 -46,1 -7,8 -72,2 -10,7

EEU -79,2 -16,8 -4,1 -8,1 -10,5 -12,0 -85,2 -17,0 -12,3 -8,2 -25,3 -12,0

ILI -89,0 -17,2 -50,3 -6,9 -78,6 1,9 -86,3 -17,2 -44,6 -6,7 -77,3 2,0

SCA -85,4 -16,9 -41,5 -7,9 -28,3 -12,1 -83,7 -16,9 -36,6 -7,9 -19,8 -12,1

SEU -89,1 -15,8 -48,8 -7,6 -60,9 -11,7 -88,5 -15,9 -46,9 -7,6 -59,2 -11,7

EUR -73,2 -16,0 -36,2 -7,8 -53,2 -10,3 -73,6 -16,1 -36,2 -7,8 -53,9 -10,2

EU_MIX EU_Full

Regions
Coal Oil Nat. Gas Coal Oil Nat. Gas

M PM M PM M PM M PM M PM M PM

DEU -63,5 -15,6 -29,8 -8,4 -55,7 -7,4 -63,5 -15,7 -29,8 -8,4 -55,7 -7,5

FRA -60,8 -15,3 -31,2 -7,7 -50,8 -10,7 -60,8 -15,3 -31,2 -7,7 -50,8 -10,7

BLX -71,8 -16,3 -33,7 -8,0 -68,4 -10,9 -71,8 -16,4 -33,7 -8,0 -68,5 -10,9

EEU -89,6 -16,1 -39,7 -8,6 -39,5 -12,2 -89,7 -16,2 -39,6 -8,6 -39,6 -12,2

ILI -85,2 -16,8 -32,3 -7,1 -73,6 1,9 -85,3 -16,8 -32,3 -7,2 -73,5 1,9

SCA -80,3 -16,8 -23,7 -8,3 -19,4 -12,2 -80,3 -16,8 -23,6 -8,4 -19,9 -12,2

SEU -87,4 -15,5 -41,8 -7,8 -56,1 -11,8 -87,3 -15,5 -41,8 -7,8 -56,1 -11,8

EUR -73,9 -15,8 -35,2 -8,1 -53,9 -10,6 -73,9 -15,8 -35,2 -8,1 -54,0 -10,6

Table 10: Import quantity (M) and import price (PM) of di�erent fuels for di�erent policy scenarios under the
NDC-1.5C target using the IEO baseline.
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Figure 8: Terms-of-Trade in the EU regions for di�erent policy scenarios and NDCs using the IEO baseline.
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Figure 9: Percentage change in welfare for di�erent policy scenarios and NDCs using the IEO baseline.

3.4 Policy scenarios under the WEO baseline

This section compares the results of policy scenarios using the WEO baseline with the IEO baseline results.

The results are presented as percentage change against the IEO baseline results. For the sake of brevity, only

selected results are presented under the NDC ambition level. Figure 10 shows the corresponding percentage

changes in CO2 emission and CO2 revenues in the EITE, NEIT, and All sectors in the EU regions. In addition,

Figure 11 shows the percentage changes in ToT and welfare in the EU regions. For the comparison, absolute

values of absolute CO2 emissions, CO2 revenues, ToT, and welfare are compared to get the percentage changes.

Therefore, the baselines value and ambition levels are simultaneously taken into account.
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Several insights emerge: i) The absolute emissions under the WEO baseline in all regions in the REF scenario

are less than the IEO, even though the NDC ambition levels under the WEO scenario are less ambitious than

the IEO scenario for all regions, except for SCA. This is because the baseline emission factor in 2030 under

the WEO baseline is less than that under the IEO baseline, except for SCA (see Figure 3). ii) The aggregate

percentage reduction in NEIT emission in EUR is more than that in the EITE emission in the REF scenario.

iii) Except for SEU and ILI, all the EU regions experience emission reduction in their EITE and NEIT sectors in

the REF scenario�EITE emissions in SEU signi�cantly increase, and NEIT emissions in ILI slightly increase.

iv) The emission pattern holds for all regions under all scenarios, except for ILI and SCA, whose total emission

under the WEO baseline can be higher than that under the IEO baseline. v) Due to the substantial increase in

REF carbon prices in SCA and ILI, their CO2 revenues increase. For the rest of the regions, the CO2 revenues

decrease. vi) In the REF scenario, the ToTs under the WEO baseline are degraded in all regions except BLX

and SCA. Nevertheless, vii) The lower abatement cost dominates the e�ects, and all EU regions have higher

welfare under the WEO baseline than under the IEO baseline. Note that since the percentage changes in welfare

are close, the conclusion that the EU regions have more welfare under the EU_MIX scenario than that under

the EU_Full holds.
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Figure 10: Percentage change in CO2 emission and CO2 revenues for di�erent policy scenarios using the WEO
baseline against the IEO baseline.
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Figure 11: Percentage change in ToT and wefare for di�erent policy scenarios using the WEO baseline against
the IEO baseline.

3.5 Additional scenarios

This subsection presents the results of two di�erent scenarios to help better understand the international trade

e�ects with the policy scenarios in the previous subsection. The scenarios are described in Table 6. Figure 12

presents the corresponding percentage changes in CO2 emission and CO2 revenues in the EITE, NEIT, and ALL

sectors in the EU regions. The results on CO2 revenues are measured against the REF scenario. In addition,

Figure 13 shows ToT and the percentage change in the welfare in the EU regions.

Several insights emerge concerning the NO_ROW scenario: i) While the combination of abatement in the

EU does not depend on climate policy in other regions, the CO2 revenue reduction reveals that no climate policy

in other regions implies a lower carbon price for the EU regions. This is due to the higher import price of fuels.

ii) Only ToT in Germany slightly increases, whereas ToT for the rest of the EU regions decreases. iii) Due to

the reduced cost of achieving the NDC target under No_ROW, most EU regions, except for ILI, experience an

improvement in their welfare.

Regarding the No_EUR scenario, the results imply that: i) There can be a signi�cant emission leakage to

the EU regions due to the lower global price of fossil fuels�the aggregate emission in the EU rises by about

7%. Such leakage is more pronounced in the EITE sectors than in the NEIT. ii) France, BLX, ILI, SCA, and

SEU experience a signi�cant reduction in their ToT compared to the baseline. ToT in Germany and EEU are

not greatly a�ected. iii) Compared to the baseline, the welfare e�ect for all the EU regions, except for ILI, is

negative.
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Figure 12: Percentage change in emission and CO2 revenues in EITE, NEIT, and ALL sectors for di�erent
scenarios using the IEO baseline.
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Figure 13: ToT and percentage change in welfare for di�erent scenarios using the IEO baseline.

4 Discussion

For a correct comparison of the results in this paper with the EMF36 Core results, in which Europe is not

disaggregated (see Böhringer et al. (2021)), two points must be taken into account. First, a complete aggregation

of Europe in the EMF36 Core scenarios would mean perfect cooperation between the EU regions, including

REU and GBR, which are no longer participating in the EU ETS. Second, the benchmark scenario is calibrated

using GTAP 10 in this paper, whereas EMF36 Core harmonization was built on GTAP 9. Third, the NDCs

ambition levels in this paper are updated using the latest promises, which mean more ambitious targets for the

EU. Considering these points, one realizes that the aggregate welfare loss in the REF scenario reported under

the EUR region in this paper is only slightly higher than the REF's mean welfare loss in the EMF36 Core

project (see Figure 5 in Böhringer et al. (2021)). Therefore, this study bene�ts from updated data and further

disaggregation, which creates a higher possibility for e�ciently reallocating emission abatement.

There are di�erent interpretations of NDCs than those used in this paper (see Chepeliev and van der

Mensbrugghe (2020)). Most likely, applying di�erent NDC interpretations will generate di�erent results. Note

that a di�erent ambition level in a region outside the EU can still a�ect the outcomes for European regions

when employing a multi-regional CGE model. Therefore, the interpretation of the results in this study must

consider this point. Nevertheless, this paper shows that the climate policy in other regions does not change the

results qualitatively. Therefore, the results in this paper indicated that the general results qualitatively hold

should di�erent NDC interpretations being used. In this regard, the No_ROW scenario can be qualitatively

similar to increased ambitions in Europe while the rest of the model regions have not elevated their mitigation

targets.

An extra note on baseline choice is in place. While the results using the IEO and WEO baselines show
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di�erences, these baselines have similarities that could be di�erent in other baselines. Notably, several regions

provide emission baselines di�erent from the IEO and WEO baselines. In addition, countries like China and

India still have signi�cantly low commitments in this paper after the updated obligations are taken into account.

However, as there is pressure on these countries for accelerating their abatement e�orts, the e�ect through

international trade could a�ect other regions, including the EU. So, extra care is needed to interpret the results

in this paper regarding a baseline choice.

The technological representations in the model strictly follow the representations in the GTAP 10 Power

data set. Comparing the results in this paper with the EMF36 Core projects can show a meaningful change due

to the updated data. Nevertheless, there are no backstop technologies in the forward calibration of the model

or counterfactual scenarios, which may impact the results. In this regard, the results, especially on the CO2

prices, must be regarded as the upper bound.

This article does not implement revenue redistribution scenarios. Nevertheless, this paper conducts a �search�

technique to specify opportunities for welfare gains. In this regard, under the NDC, NDC+, and NDC-2C

ambition levels, the EU_MIX scenario achieves higher aggregate welfare than REF, and all the EU regions

would gain welfare even without any redistribution method applied. To this end, both stability and self-enforcing

characteristics can be achieved via the parallel emission tradings. All in all, future studies for investigating

di�erent redistribution schemes for coalitions with parallel emission trading links are recommended.

5 Conclusion

Through the Paris agreement, individual countries, including European countries, have submitted national

pledges of speci�c reductions in their carbon emissions by 2030, so-called Nationally Determined Contributions

(NDCs). These NDCs can be met through di�erent instruments such as carbon pricing and emission trading

systems (ETS). The EU has established the world's �rst and biggest ETS, covering emission-intensive and

electricity (EITE) sectors.

In this study, a multi-regional multi-sectoral CGE model is applied to operate with the option of forming two

international emission permit markets simultaneously. Using GTAP 10 Power data set, the EU region is aggre-

gated into nine regions, including two individual countries (Germany and France) and seven aggregated regions.

Then, after forward-calibration of the model based on International Energy Outlook (IEO) and World Energy

Outlook (WEO) projections until 2030, marginal abatement cost curves (MACCs) are derived. Moreover, be-

sides the REF scenario in which no region collaborates, three policy scenarios are simulated: i) EU_EITE as

an ETS covering the EITE, mimicking the current EU ETS sectors, ii) EU_MIX where, in addition to an ETS

covering EITE, another ETS covers the NEIT, and iii) EU_Full where one ETS covers all sectors. In addition,

two di�erent scenarios are simulated where either only the EU or the rest of the model regions implement their

climate policy. Each scenario is run for four emission reduction targets, i.e., post-2020 Nationally Determined

Contributions (NDC), conditional NDC (NDC+), NDC to meet the 2-degree global average temperature target

(NDC-2C), and NDC to meet the 1.5-degree global average temperature target (NDC-1.5C).
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The results show that between 44,2% (Germany) to 70,2% (France) of the emission are made by burning

fossil fuels in the NEIT sectors in these regions under the IEO baseline. Emissions by the NEIT sectors are

signi�cantly higher under the WEO baseline than under the IEO baseline in all the EU regions, except for South

Europe (SEU). Moreover, the results on MACCs indicate that NEIT MACCs are more expensive than EITE

MACCs under both baselines. Also, East Europe (EEU) and Germany have the lowest MACCs among the EU

regions, whereas France, BLX, and SCA have the highest MACCs. Additionally, the MACCs under the WEO

baseline are slightly higher than under the IEO baseline.

Policy scenarios show that in the REF scenario, more abatement is done via decreasing the emission in the

EITE than in the NEIT. Also, in the EU_EITE scenario, France, BLX, ILI, SCA, and SEU take the emission

permit demander position. Hence, EITE emissions in these regions increase, whereas EEU and Germany supply

emission permits. Except for Germany, all the participating regions in the emission permit market covering

EITE sectors (EU_EITE) gain welfare under NDC, NDC+, and NDC-2C ambition levels. Concerning the

EU_MIX scenario, the results show that the common carbon price in the emission permit market covering the

NEIT is signi�cantly higher than the common carbon price in the emission permit market covering the EITE.

All EU regions gain welfare compared to the REF scenario under the EU_MIX scenario in NDC, NDC+,

and NDC-2C�the EU_MIX is stable and self-enforcing. The welfare gain under the EU_MIX in EEU is so

signi�cant that its welfare improves signi�cantly beyond its baseline value. The aggregate welfare in the EU

further enhances under the EU_MIX scenario against the EU_EITE scenario. Additionally, due to a reduction

in coal production, the EU regions become more dependent on importing oil under the EU_Full. Accordingly,

the welfare in all EU regions decrease against the EU_MIX. This phenomenon is more signi�cant under the

low ambition levels.

Moreover, the results show that the climate policy in other regions does not signi�cantly a�ect the EU

regions' welfare. Further, the results reveal that baseline choice can a�ect the results�the CO2 revenues are

considerably lower in all EU regions except for ILI and SCA, and welfare in all regions signi�cantly increases

using the WEO baseline than the IEO baseline. Nevertheless, the changes in welfare along the di�erent policy

scenarios are insigni�cant, and hence, the results qualitatively hold regardless of the baseline choice.
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Appendix A: Selected results from Section 3.3 for the NDC+ and

NDC-2C targets

NDC+

Regions
REF EU_EITE EU_MIX EU_Full

EITE NEIT EITE NEIT EITE NEIT EITE NEIT
DEU 130,2 130,2 188,2 128,9 190,3 271,7 233,5 233,5
FRA 458,5 458,5 188,2 464,1 190,3 271,7 233,5 233,5
BLX 490,4 490,4 188,2 496,3 190,3 271,7 233,5 233,5
EEU 59,9 59,9 188,2 63,6 190,3 271,7 233,5 233,5
ILI 521,7 521,7 188,2 530,0 190,3 271,7 233,5 233,5
SCA 475,2 475,2 188,2 479,8 190,3 271,7 233,5 233,5
SEU 357,4 357,4 188,2 362,4 190,3 271,7 233,5 233,5
EUR 234,1 287,2 188,2 290,9 190,3 271,7 233,5 233,5

NDC-2C

Regions
REF EU_EITE EU_MIX EU_Full

EITE NEIT EITE NEIT EITE NEIT EITE NEIT
DEU 137,8 137,8 199,6 136,3 201,9 282,7 245,7 245,7
FRA 475,7 475,7 199,6 481,4 201,9 282,7 245,7 245,7
BLX 508,2 508,2 199,6 514,4 201,9 282,7 245,7 245,7
EEU 62,6 62,6 199,6 66,2 201,9 282,7 245,7 245,7
ILI 537,3 537,3 199,6 545,8 201,9 282,7 245,7 245,7
SCA 493,7 493,7 199,6 498,4 201,9 282,7 245,7 245,7
SEU 371,9 371,9 199,6 377,1 201,9 282,7 245,7 245,7
EUR 244,7 298,5 199,6 302,2 201,9 282,7 245,7 245,7

Table 11: CO2 Price ($/tCO2) in the EITE and NEIT sectors for di�erent policy scenarios and NDCs using
the IEO baseline.

-4

-3

-2

-1

0

1

2

DEU FRA BLX EEU ILI SCA SEU EUR

W
el

fa
re

 (
%

)

Regions

a) NDC+

REF

EU_EITE

EU_MIX

EU_Full

-4

-3

-2

-1

0

1

2

DEU FRA BLX EEU ILI SCA SEU EUR

W
el

fa
re

 (
%

)

Regions

b) NDC-2C

REF

EU_EITE

EU_MIX

EU_Full

Figure 14: Percentage change in welfare for di�erent coalitions and NDCs using the IEO baseline.
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